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© Abstract. In the context of global decarbonisation, the accuracy of assessing building energy efficiency has
becomea critical factor for predicting environmental impacts and achieving vital climate goals. Existing discrepancies
between national and international calculation methodologies have created significant risks during the planning of
large-scale thermal modernisation strategies. This article aimed to quantitatively assess the ecological consequences
of methodological discrepancies between quasi-stationary and hourly dynamic approaches to calculating building
energy consumption. A comprehensive approach was developed, including hierarchical modelling and a detailed
methodology for converting energy consumption into carbon emission mass with a thorough assessment. It was
established that the key sources of methodological discrepancy are the choice of the time model, the format of
presenting climatic data, the description of thermal inertia, and the algorithm for interpreting internal heat gains.
Research proved that the difference in annual energy demand when changing calculation methods reaches several
tens of percent. This was equivalent to deviations in carbon dioxide emission mass in the range of hundreds of
kilograms. To address this, the concept of a “zone of discrepancy” was proposed, introducing a threshold T to
determine the feasibility of using simplified methodologies depending on the required accuracy. A methodology for
aggregating individual deviations to the building stock level, based on a deterministic comparison of representative
scenarios, is justified. These mathematical dependencies for quantitative assessment increase environmental
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Short- and long-term ecological consequences...

monitoring reliability, allowing specialists to develop precise regulatory requirements and reduce the construction

sector’s carbon footprint

© Keywords: decarbonisation; thermal modernisation; carbon footprint; fuel and energy resources; regulatory

framework; dynamic modelling

@ Introduction

Improving building energy efficiency is a key decarboni-
sation tool, but the accuracy of assessing the environmen-
tal load critically depends on the chosen energy demand
calculation model. The use of different methodological
approaches when harmonising national and international
standards causes significant discrepancies in determining
the annual volumes of pollutant emissions. In the long
term, such methodological uncertainty accumulates, lead-
ing to systemic distortions in predicting environmental
effects at the level of the entire building stock. Consequent-
ly, a quantitative analysis of the consequences of applying
different methodologies is necessary for the formation of
optimal energy modernisation strategies and ensuring the
sustainable development of the sector.

The problem of methodological differences in building
energy efliciency calculations has been studied by numer-
ous scientists. The existing scientific heritage has outlined
both the theoretical foundations of calculation models
and applied approaches to assessing energy consumption
and related ecological consequences. A number of studies
emphasised that the key discrepancy between Ukrainian
(DSTU) and international (ISO/EN) approaches lies in
different approximations of time characteristics (quasi-sta-
tionary monthly models versus hourly dynamic models)
which, as .M. Dashko & D.V. Krylov (2021) pointed out,
stems from fundamentally different approaches to the as-
sessment of enclosing structures, engineering systems, and
operational features. This difference is clearly observed
when comparing DSTU 9190:2022 (2022) with the inter-
national standard ISO 52016-1:2017 (2017), moreover, the
international normative document provides a more accu-
rate dynamic approach and allows accounting for hourly
temperature fluctuations, solar radiation, and the inertial
properties of building masses.

The practical consequences of such methodological
differences result in differing calculation outcomes, which
can lead to incorrect classification of the building’s en-
ergy class, erroneous ranking of thermal modernisation
measures, and making unjustified investment decisions.
O.V. Komelina & A.A. Komelina (2022) argued that the
lack of methodology unification complicates data integra-
tion and distorts the assessment of environmental risks at
the national level, which is critical for achieving climate
goals. At the same time, T.D. Kosova & A.D. Titaren-
ko (2021) were confident that for Ukraine, the problem of
improving the legislative framework and finding effective
financial incentives is critically relevant. The current regu-
lations often do not meet modern international standards,
and business support mechanisms, such as tax benefits
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and lending, are insufficiently effective and limited. The
absence of adequate incentives hinders investments in en-
ergy-saving technologies and restrains the development of
the relevant market. H. Farenyuk & Ye. Farenyuk (2025)
also noted a pragmatic approach: quasi-stationary meth-
ods (embedded in individual DSTUs or national codes)
are recognised as justified for mass screening and rap-
id design, whereas hourly dynamic models according to
ISO 52016-1 are appropriate for detailed engineering anal-
ysis and complex operating modes. Accordingly, such a
dichotomy highlights the need for formalised criteria for
choosing a methodology depending on the calculation
purpose, project scale, and expected accuracy.

Considering the above, the current scientific dis-
cussion focuses on three interrelated areas: refinement
and unification of input data and assumptions to ensure
comparability; development of procedures for selecting
an adequate methodology for specific classes of objects;
quantitative assessment of the impact of methodological
discrepancies on environmental indicators (in particular,
predicted emission volumes) and the economic feasibility
of energy modernisation. Accordingly, further research
should be aimed at developing practically oriented tools for
harmonising methodologies (including recommendations
on applying simplified or detailed approaches) and formal-
ising procedures for recalculating indicators between dif-
ferent approaches in order to correctly assess the ecological
consequences of energy efficiency measures. The aim of the
study was to quantitatively assess the short- and long-term
ecological consequences of methodological discrepancies
between quasi-stationary and hourly dynamic approaches
to calculating building energy efficiency, as well as to iden-
tify the key factors causing these differences.

© Materials and Methods

Representative types of building premises were used as
calculation materials: a residential apartment, an office,
and an educational classroom. They were purposefully
selected according to criteria of typicality, prevalence in
the building stock, and differences in functional purpose,
allowing for a comparison of results for objects with dif-
ferent thermal load profiles. The choice of materials was
determined by their availability, regulatory validity, and
suitability for comparing results obtained using different
calculation methodologies. To demonstrate the application
of the proposed approach, three representative building
types (a residential apartment, an office, and a classroom)
were selected as illustrative cases for visualisation and ag-
gregation. A set of simplified scenarios was developed to
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estimate greenhouse gas emissions using emission factors
(EF), with the corresponding coefficients adopted from the
Green Transition Office database (Shlapak et al., 2024).
For the residential case study, annual energy demand
was calculated using two alternative methodologies: ISO
52016-1:2017 (2017) and DSTU 9190:2022 (2022). The an-
nual energy demand of a typical apartment was estimated
at 17,200 kWh according to DSTU 9190 and 12,717 kWh
according to ISO 52016-1. The difference between the cal-
culated values was determined as:

AQ=QDSTU-QISO=4,483 kWh.

The relative deviation between the methods was calcu-
lated as a percentage of the ISO-based estimate. To assess
the environmental implications of methodological differ-
ences, the obtained energy demand deviation was convert-
ed into CO, emissions using the natural gas emission factor
(EFgas = 0.201 kg CO,/kWh) reported by M. Shlapak et
al. (2024). The resulting difference in annual emissions was
calculated according to the following equation:

AmCO,=AQ x EFgas, (1)

where AmCO, - the difference in annual CO, emissions
(kg/year); AQ - the difference in calculated annual energy
demand (kWh/year); EFgas — the natural gas emission fac-
tor (kg CO»/kWh).

The theoretical basis of the article was based on com-
bining a formal dynamic energy balance model as a basic
description of the physical process; a comparative analy-
sis of DSTU and ISO/EN standards, as well as evaluating
the differences between the results of quasi-stationary and
hourly dynamic approaches and practical implementation
through modelling to develop rules for recalculating results
between methodologies. The methodological framework
combined the formalisation of physical building energy
balance models with a clear procedure for converting ener-
gy results into environmental indicators and quantitatively
assessing the uncertainty of such conversions.

According to S.B. Smereka & S.M. Lifyrenko (2025)
two complementary classes of energy demand calculations
are fundamental: quasi-stationary (monthly, as in national
methodologies according to DSTU) and hourly dynam-
ic (ISO 52016-1). Based on them, a sequential chain of
transformations was formed: formalisation of energy cal-
culation > linear conversion of energy into emissions >
aggregation by energy carrier classes and equipment >
analysis of the “zone of discrepancy” in environmental im-
pact indicators > study of consequences in the context of
the building stock. To perform the comparative analysis,
normative-methodological documents regulating the cal-
culation of building energy efficiency in Ukraine and in-
ternationally were used, namely ISO 52016-1:2017 (2017),
DBN V.2.6-31:2021 (2021), and DSTU 9190:2022 (2022).
To convert energy consumption into greenhouse gas emis-
sions, emission factors listed in open official and reference
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sources were applied. According to DBN V.2.6-31 (2021),
building energy efficiency calculations are based on for-
malised mathematical models of energy balance, where
the key components are temporal climate characteristics,
internal heat gains, parameters of enclosing structures, and
operating modes of engineering systems. In its basic form,
the dynamic energy balance is described by a differential
equation of the form:

Cine 'de%@) = By (), (2)
%her(et) Cin — the effective heat capacity of the building;
’;—t - the time derivative of the internal temperature;
(D,a,f t) - the sum of all heat fluxes at time .

The formalisation of the energy calculation consists in
selecting input data and typical objects — a set of parameters
and scenarios necessary for the a priori systematisation of
the physical model, so this stage prepares the tools and ini-
tial data for the further implementation of calculation pro-
cedures. Without a clear description of the geometry, ther-
mal characteristics, and climatic profiles, it is impossible to
correctly apply either the monthly or the hourly algorithm.
The indicator @,(t) from formula 1 can be detailed. Then
the general dynamic energy balance equation takes the form:

dBine(t)
Cint * dtt = Gpc(t) + Pine () + Py (2) —

— Hr * [0ine (£) — 0 (D] = Hy [0 (£) — 6 (D], (3)

where @yc(t) - the heat flux from heating and cooling sys-
tems; @y, (t) — internal heat gains; @y,(t) — solar gains; Hy -
the transmission heat transfer coefficient of the enclosures;
Hy - the ventilation heat loss coefficient; 6,,(t) — the inter-
nal temperature at time t; 0.(¢) - the external temperature
at the same moment.

To transition from the instantaneous energy balance
described by equations 1-2 to the annual energy demand
indicator, integration of the thermal load over the calcula-
tion period was used. For the quasi-stationary methodol-
ogy, this period corresponded to the heating year, and the
annual energy demand was determined as the sum (inte-
gral) of the time values of the heat flux over the entire cal-
culation interval. In the hourly dynamic model, integration
was performed with a time step of 1 hour, which allowed
accounting for the diurnal variability of climatic condi-
tions, internal gains, and the operation of engineering sys-
tems. Formally, the annual energy demand was determined
as the integral of the thermal load over the period 0<t<T,
where T is the duration of the calculation year or heating
season depending on the methodology. The difference in
temporal discretisation and the duration of the calculation
period is one of the key sources of discrepancy between the
results of DSTU- and ISO-oriented approaches:

E, = Y=y Peot(ti)At, At = 1 hour. (4)
After implementing both types of calculations (month-

ly and hourly), it is necessary to obtain numerical values
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of energy demand E in comparable units (hourly, seasonal,
annual). It is these results that form the basis for further
linear and advanced transformations into environmental
indicators: only by having comparable E values is it pos-
sible to apply primary energy coefficients @ and emission
factors E'F to obtain the emission mass. The standard oper-
ational approximation for converting energy consumption
into CO, emission mass has a linear form:

mCO2 =F- EF, (5)

where E - the annual amount of energy to be recalculat-
ed (kWh); EF - the emission factor (kg CO,/kWh) for
the corresponding energy carrier or generating unit. It is
important to distinguish the types of the indicator E: con-
sumed final energy E..; primary energy E,; system heat
output Ej... The dependencies between them can be pre-
sented linearly:

Ep = a-Econs (6)
Meo, = Ep ' EE, = Ecops * (@ - EF,), (7)

where a - the conversion factor to primary energy; EF, -
the emission factor calculated per primary energy. The
result of this stage are numerical bases that can be trans-
formed into emission mass indicators.

At the stage of aggregation by energy carrier classes
and equipment, it is necessary to foresee the breakdown of
the emission mass into components by sources:

mo) = 3, Ebns - D - EE, (®)
where the index j - the type of energy carrier or genera-
tion method (gas boiler, centralised heat, electrical grid
with a specific generation component, etc.). This will
make it possible to assess the sensitivity of the output re-
sult to changes in the energy supply structure (for exam-
ple, replacing a gas boiler with a heat pump or changing
the power grid to photovoltaic generation). The choice of
matrices EF,” and a® should be made based on the in-
formation provided in the methodological guidelines and
national normative documents.

The initial construct was the explicit representation of
an individual deviation in the mass of greenhouse emis-
sions due to the methodological choice: for each unit of the
stock i the value is introduced:

Am; = (Epsru,i — Eiso,)  EF;, )

which underscores the dual nature of the problem - the
combination of a methodological discrepancy in assessing
energy demand and the variability of the emission intensity
of the heat supply source. The cumulative effect was deter-
mined by the sum of individual deviations:

AM =YV Am,. (10)
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This formula reflects the deterministic core of aggre-
gation. The concept of the “zone of discrepancy” is formal-
ised. In other words, knowing which sources of uncertainty
dominate allows determining the criteria for selecting the
threshold T and for constructing a rule for the parameter’s
inclusion in the zone of discrepancy. As a criterion for de-
fining the zone of discrepancy, a pragmatic threshold T is
introduced (for example, T = 10% relative to the annual
heat demand). The set of parameters x (climate, U-values,
Cin, occupancy profile, etc.) for which the condition is met:

Epstu(x)—Erso(x) >T
Erso(x) -

(11)

defines the zone of discrepancy. The translation of this cri-
terion to the ecological scale is carried out through the cor-
responding EF, meaning the zone of discrepancy generates
a set of scenarios with a deviation in emission mass:
Ameo, (x) = (Epstu(x) — Ejso(x)) - EF (x).  (12)
Quantitative localisation of such zones can be per-
formed using parametric scanning, followed by building
“parameter/climate” heat maps. Implementing this ap-
proach allows formulating practical rules: provided it falls
within the zone of discrepancy, using a quasi-stationary
methodology is considered inappropriate for the purpose
of environmental assessment. Once the zone of discrepan-
cy is defined and localised in the parameter space, the next
logical step is to assess its consequences at a higher aggre-
gation level: at the building stock level. Information about
the share of buildings falling into the zone of discrepancy
and the magnitudes of individual deviations Am, allows
transitioning from individual cases to assessments of the
cumulative impact on the municipal or national building
stock. The cumulative effect is estimated as the sum of indi-
vidual deviations over the number of buildings:
AMEZO;) = X1 (Epsru,i — Eiso.) - EF:. (13)
In practical application, N is formed taking into ac-
count typology, distribution of technical characteristics,
and the frequency of distinct building classes. This ap-
proach allows modelling short- (1-5 years) and long-term
(10-30 years) scenarios of the impact of choosing the meth-
odology for calculating energy efficiency indicators on the
volume of emissions. The temporal dynamics of aggrega-
tion are introduced via the time parameter t, which allows
formalising the integral effect over the forecast horizon T:

MMor; = 3i ) (Epsrui () — Erso (D)) - EF,(t)dt. (14)

Formula 14 was used in the study as a general sce-
nario dependency for evaluating the accumulated effect
over the forecast horizon T. Since the actual calculations
within the research were performed for one year, the an-
nual value is taken as the basic step for extrapolation over
a longer period. For this transition, it is assumed that the
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annual difference between the methodologies remains
constant over time, and the structure of energy consump-
tion and emission factors do not change. Accordingly, for
a representative group of three types of objects, the total
annual deviation is 3,754.28 kg CO,/year for natural gas,
7,527.24 kg CO,/year for centralised heat supply, and
8,108.94 kg CO,/year for electricity supply, which over
10 years corresponds to values of 37,542.8; 75,272.4, and
81,089.4 kg CO,, respectively, over 20 years - 75,085.6;
150,544.8, and 162,178.8 kg CO,, and over 30 years —
112,628.4; 225,817.2, and 243,268.2 kg CO,. Thus, even
under the conservative assumption about the constancy of
the annual difference, the methodological effect accumu-
lates into very significant quantities over the medium- and
long-term planning horizons. The quantitative analysis
within this study had a deterministic comparative nature
and was aimed at juxtaposing the results obtained using
quasi-stationary and hourly dynamic methodologies. The
assessment was performed by calculating the absolute and
relative deviations between the annual energy demand val-
ues and corresponding CO, emissions for representative
scenarios. Therefore, the results presented below should be
interpreted as deterministic scenario estimates obtained
for typical objects and fixed emission factors.

© Results

The energy efficiency of buildings and structures is a fun-
damental factor in ensuring the energy security, sustainable
development, and economic growth of Ukraine. It is recog-
nised as a key priority at the current stage of development,
encompassing both national economies and individual
structures. This is driven by the strategic need to respond to
global limitations - the depletion of natural non-renewable
energy resources. From a technological point of view, ener-
gy efficiency is viewed as a consequence of the implemen-
tation of modern technologies and equipment that make it
possible to reduce the volume of energy required to pro-
duce goods and provide services. Within the framework of
the economic approach, energy efficiency is treated as the
economic expediency of reducing energy consumption vol-
umes. It manifests itself in a reduction of energy costs per
unit of GDP or for the production of goods and provision
of services (Sovacool & Griffiths, 2020). In the context of
ecology, energy efficiency is one of the key mechanisms for
minimising the anthropogenic load on the environment,
achieved by limiting greenhouse gas emissions and reduc-
ing the consumption of non-renewable energy resources
(Hossin et al., 2023). The interdisciplinary approach to en-
ergy efficiency defined it as a generalised complex indicator
combining economic, technological, and environmental
dimensions of energy resource utilisation processes.

N. Kryshtof (2017) emphasised that building energy
efficiency serves as an effective mechanism for ensuring en-
ergy security and the structural modernisation of the econ-
omy, which in turn requires precise and unified calculation
approaches. A. Menegaki (2014) emphasised that improv-
ing the energy efliciency of buildings simultaneously solves
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several tasks: reduces greenhouse gas emissions, lowers
household energy poverty, increases energy security, and
creates new jobs in the construction and renovation sector.
In practical terms, this means transitioning to the deep ren-
ovation of existing buildings, modernisation of heating and
ventilation systems, comprehensive insulation of facades
and roofs, replacement of windows, and implementation
of automation and energy management systems. The Com-
mission, forming policy in the field of energy consumption,
highlights that buildings are the largest energy consumer
in the EU and at the same time possess the greatest poten-
tial for reducing final consumption without losing comfort,
which warrants special attention to energy efficiency as a
strategic priority for the period up to 2050.

According to A. Bahaterenko et al. (2013) currently,
the real estate sector in Ukraine consumes about 40% of all
energy, while a significant part of it is lost due to the use of
outdated construction and exploitation technologies. The
vast majority of the residential and public building stock
is characterised by a low level of thermal insulation and
the inefficiency of heating and ventilation systems, lead-
ing to excessively high costs for energy resources. The sit-
uation has also been complicated by military hostilities,
which have significantly damaged the country’s energy in-
frastructure, causing systemic interruptions in the supply
of gas, electricity, and heat. Thus, the regulatory and legal
field of the study at the level of Ukraine is represented by
the respective DSTUs, in particular DSTU 9190 (2022),
whereas the international methodology is represented by
the ISO 52016-1:2017 (2017). The discrepancies between
the DSTU and ISO approaches have a systemic charac-
ter and are caused by differences in assumptions, model
structure, and the interpretation of input parameters. This
provision explains why indicators identical in name can
be “incomparable values” in a direct comparison without
methodological correction.

Specific sources of methodological discrepancy in-
clude: the choice of the time model (monthly averaged
versus hourly with a 1-hour step), the format of climatic
data (average monthly temperatures versus hourly pro-
files), different approaches to describing the thermal in-
ertia of a building (effective heat capacities of different
aggregation levels), the discretisation and logic of heat-
ing/cooling systems operation (set-points, time sched-
ules), and the interpretation of internal gains and solar
gains. Thus, for the very same object, applying the DSTU
and ISO methodologies can yield significantly different
values of the annual heat demand and, accordingly, dif-
ferent estimates of operational emissions. According to
M. Shovkalyuk (2018), special attention in the develop-
ment of state stimulation programs must be given to the
correct assessment of energy indicators. The absence of
adequate baseline calculations can lead to systemic errors
when justifying investments in energy efficiency improve-
ments at the municipal level. Based on similarity, a repre-
sentative sample was created for different premises. It is
presented in Table 1.
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Table 1. Annual energy demand (kWh)

QDSTU) kWh QISO) kWh AQ’ kWh A% (QISO)
Residential apartment 17,200 12,717 4,483 35.3%
Average office room 32,000 24,271 7,729 31.8%
Educational classroom 25,000 18,534 6,466 34.9%

Source: developed by the authors

Itis important to emphasise that the given values are the
result of deterministic scenario comparisons and do not con-
tain statistical characteristics of variability. Consequently,

these data are used to illustrate the systematic difference be-
tween calculation methodologies, and not for assessing the
probabilistic distribution of outcomes (Table 2).

Table 2. Ecological indicators of emission conversion

Amgg,(ch), kg™

AQ Amcg,(gas), kg *ch - central heating Amgg, (electr), kg
conversion factor 0.201 0.403 0.430
Residential apartment 4,483 901.08 1,806.65 1,927.69
Average office room 7,729 1,553.53 3,114.79 3,323.47
Educational classroom 6,466 1,299.67 2,605.80 2,857.78

Source: developed by the authors

Accordingly, for all three cases, the emissions associat-
ed with central heating and electricity supply approximate-
ly doubled the emissions from gas given the same AQ, with
electricity contributing a somewhat larger share than cen-
tral heating (coeflicient 0.430>0.403). This indicated that a
decrease in demand for electricity and heat supply created a
greater effect in reducing CO, per unit of saved energy than
an equivalent reduction in gas consumption. Hence, prior-
ities for energy efficiency measures should consider both
the function of the building (which determines AQ) and
the relative emission intensity by energy type when making
decisions regarding the reduction of short- and long-term
environmental consequences. To illustrate the aggregation
of individual deviations at the group level of buildings, a
pilot calculation was performed for a representative set
of three types of objects listed in Table 2. Assuming equal
weight for each case, the total deviation was: for natural
gas — 3,754.28 kg CO,/year, for centralised heat supply -
7,527.24 kg CO,/year, for electricity supply — 8,108.94 kg
COs/year. The average deviation per object within this
sample was 1,251.43, 2,509.08, and 2,702.98 kg CO,/year,
respectively. The obtained values confirm that even on a
small group of typical buildings, methodological discrep-
ancies form a noticeable cumulative effect, which grows
as the number of objects increases. In broader application
for a block, district, or city, the aggregated effect should be
calculated taking into account the number of buildings in
each typological stratum, their area, operating modes, and
the share of connection to a specific energy source. Within
the scope of this article, such data were not available, so
the presented calculation has a demonstrative nature and
shows the principle of transition from an individual case to
the group level.

Such a general expression serves as a basis for for-
malising different scenarios: a baseline scenario that fixes
the existing calculation practice and modernisation rates;
a scenario of gradual methodology harmonisation with a

time profile of correction factors; a technological transfor-
mation scenario in which emission factors EF;(t) change as
aresult of power system decarbonisation or the widespread
adoption of low-carbon technologies. The discrepancies
obtained in the work between the DSTU and ISO/EN re-
sults have not an accidental, but a systemic nature: for a
typical apartment, the annual energy demand differs by
35.3%, which in conversion to natural gas corresponds to
roughly 901 kg CO,/year; for an office and an education-
al classroom, the absolute deviation is even greater. In the
article, the results are presented as a deterministic scenar-
io comparison without confidence intervals and statistical
characteristics of variability, so it is appropriate to interpret
them as an estimate of methodological bias, and not as a
probabilistic forecast. This type of gap between the calculat-
ed and actual or alternatively calculated energy consump-
tion is well known in international literature regarding the
performance gap and the sensitivity of models to input data
and the level of detail.

The most important conclusion of the work is that the
time scale of the model itself is the source of the system-
atic difference. This aligns with the study by H. Zhang et
al. (2024) who showed that the results of a global sensitiv-
ity analysis for annual, monthly, and daily building energy
consumption differ substantially, and finer time steps re-
quire more complex computations and provide a different
picture of parameter influence. L. Zhu et al. (2022) demon-
strated the feasibility of the Monte Carlo approach in com-
bination with building simulation and global sensitivity for
forecasting loads at the planning stage. A similar focus on
the role of temporal discretisation and behavioural scenar-
ios is also found in the scientific work of S. Norouziasl et
al. (2024), where occupancy density and simulation step
size significantly influenced the energy consumption of an
office building. E. Kang et al. (2024) additionally showed
that occupancy schedules and physiological characteris-
tics of users can change office energy consumption even
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within a single scenario. Therefore, the thesis regarding
the key role of the time model is quite well-founded, but
in this work, it is currently confirmed only by comparing
two regulatory approaches, and not by current modelling.
During the preparation of the study, V. Chupa et al. (2024)
encountered the problem of selecting a methodology that
would allow objectively comparing fundamentally differ-
ent objects: certified biofuel (pellets) and morphologically
heterogeneous municipal solid waste (MSW). In parallel,
I. Vashchyshak et al. (2025) developed an improved meth-
odology for energy auditing of underground heating net-
works, which ensures a more accurate identification of en-
ergy losses during transport.

For the practice of thermal modernisation, the con-
clusions of the current work also align with papers ded-
icated to renovation risk and the choice of measures.
C. Carpino et al. (2022) showed that uncertainty and
sensitivity analysis can reduce investment risk when ap-
plying energy performance contracts in the renovation of
residential neighbourhoods. Also, Y. Deng et al. (2023)
applied Morris’s analysis to 14 enclosure parameters of an
old residential district in Beijing and used it to select pri-
ority solutions considering climate change. M. Nasouri &
N. Delgarm (2025) proposed a more formalised SBSA ap-
proach combining point and global sensitivity with Sobol
metrics for a residential building in Iran, thereby showing
a way to shift from descriptive comparison to quantitative
ranking of factors. All these works confirm the validity
of the idea that the calculation method influences recon-
struction priorities and managerial decisions; however,
they analyse uncertainty within a single modelling frame-
work, whereas this study compares two different regulato-
ry logic for energy efficiency calculations.

Publications on calibration and the performance gap
additionally reinforce that part of the conclusions con-
cerning the limits of permissible simplification. G. Chie-
sa et al. (2025) proved that weather data, occupancy pro-
files, internal heat gains, and ventilation can change the
magnitude of the performance gap by up to 50% and more;
This value is close to the discrepancy obtained between
the approaches, although the reason for its occurrence is
different - the article is not about measurement error, but
about the methodological divergence between the stand-
ards. F. Johari et al. (2022) concluded that simplified build-
ing energy models can maintain acceptable calibration
accuracy for urban-scale analysis if the purpose matches
the level of detail. Q. Xue ef al. (2025) determined that
an approximate Bayesian approach is capable of calibrat-
ing uncertainty parameters significantly more accurately
for a nearly-zero energy building, provided a sufficient
dataset is available. Collectively, this means that this arti-
cle convincingly reveals a systematic bias between DSTU
and ISO/EN, but for complete scientific thoroughness, it
lacks a real component, or rather a narrower, purely de-
terministic formulation of methods. Overall, this opinion
corresponds to modern international practice in building
energy efficiency modelling.
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© Conclusions

Methodological discrepancies between quasi-steady-state
(DSTU) and dynamic (ISO/EN) approaches lead to sys-
tematic and quantitatively significant differences in the de-
termination of annual thermal energy demand for various
building types. Practical examples demonstrate differenc-
es on the order of tens of percent, resulting in substantial
deviations in CO, emission estimates. These findings show
that methodological inconsistency at the individual build-
ing level may propagate errors to national scales, particu-
larly when results are aggregated at the city or country level.
The aggregation analysis presented in this study indicates
that the cumulative effect of methodological differences
depends on building stock typology, the distribution of
technical characteristics, and the structure of energy sup-
ply. The formulation of the “mismatch zone” concept and
the proposed pragmatic threshold T provide an operational
basis for identifying classes of objects for which the appli-
cation of simplified methodologies is inappropriate. This
establishes a clear criterion for distinguishing cases where a
quasi-steady-state approach is sufficient from those requir-
ing hourly dynamic simulations.

Quantitative assessment combined with the con-
version of energy results into environmental indicators,
confirm that correct interpretation of the impact of meth-
odological choice requires simultaneous consideration of
uncertainties in energy demand and variability in emis-
sion factors. The proposed analytical framework forms
a practical platform for the quantitative justification of
decisions and for the verification of national building
stock assessments. In light of the results obtained, priority
practical actions include: formalising procedures for re-
calculating results between methodologies to ensure har-
monised reporting; developing criteria for methodology
selection based on building typology and the mismatch
zone concept; and creating representative statistical data-
bases (stratified by building type and technical condition)
to calibrate prior parameter distributions for simulations.
Further research prospects concern several directions. An
initial priority is to extend the analysis to a broader sample
of real buildings with diverse climatic and technical char-
acteristics, enabling refinement of mismatch zone topol-
ogy and the development of regionally adapted method-
ological application rules. Furthermore, the approaches
considered should be integrated with life-cycle assess-
ment and energy system decarbonisation scenarios to link
methodological discrepancies with long-term changes in
emission factors.
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© AHotauis. B ymoBax 1mo6anbHOi fekapGoHizalii TOYHICTD OliHIOBaHHs eHeproedeKTUBHOCTI Oy/iBens crama
KPUTUYHO BAXK/IMBUM YMHHUKOM IIPOTHO3YBAaHHsA €KOJOTIYHMX HAC/ifKiB Ta [JOCATHEHHS KIIOYOBMX KIiMaTMYHIX
nineit. HasBHI po36DKHOCTI MDK HaI[iOHaTbHUMM Ta MDKHAPOSHMMI METOOMOTIAMIU PO3PAaXyHKY CTBOPIOIOTb CYTTEBI
PUM3MKM I Yac IJIaHyBaHHs MAcIITaOHUX CTpaTeriit TepMoMopepHisaril. MeToro ctarti 6y10 KinbKicHe OL[iHIOBaHHS
eKOJIOTiYHNX HACTIAKIB MeTOHOMOTIYHMX PO3ODKHOCTeI MDK KBasiCTallilOHAapHMM Ta IOTOAVHHMM [AUHAMIYHUM
mifxomaMu KO PO3paxyHKY eHeproCroXuBaHHA 6yaiBenb. PospoOieHo KOMIUIEKCHMIT MifXif, 10 BKIIIOYAE iepapxiuHe
MOJIE/IIOBAHHA Ta JIeTabHy METOAMKY IePeTBOPEHH:A IOKAa3HMKIB €HEPTOCHOXXMBAHHA B MacCy BUKMUJIB BYITIELO 3
IPYHTOBHMM OL[{HIOBAaHHAM pe3y/IbTaTiB. BcTaHOB/IEHO, 1IJ0 OCHOBHMMU JpKepelaMi MeTOHOOTiYHUX pOo36iKHOCTeN
€ Bubip yacoBoi Moperni, popMar MOFAHHA KIIMaTUYHMX HAaHUX, OINMC TEIUIOBOI iHepii Ta aAropuTM iHTeprpeTanii
BHYTPIIIHIX TeI/IOBUAINeHD. [l0BeIeHO, 1110 pisHNULS B piuHiit TOTpebi B eHepril Ipyu 3MiHi METORMKY PO3PAXYHKY Csrae
KIJIbKOX leCATKIB BificOTKiB. I]e eKBiBa/IeHTHO BiIXMJIEHHAM Macl BUKUIB JJIOKCU/Y BYIJIELIIO B MEXKaX COTEHb Kijlorpamis.
I7ist po3B’si3aHHs i€l mpo6eMi 3aIPOIOHOBAHO KOHIIEMIIII0 «30HN PO301KHOCTI», SIKa BBOGUTD IIOPOroBe 3Ha4eHHs T
I BU3HAYEHHS JIOLIbHOCTI BUKOPUCTAHHS CIPOLICHNX METOAMK 3a/IeXXHO Bif HeobOxigHoi TouyHOCTL. O6IpyHTOBAHO
METOMMKY arperyBaHHs IHAUBIyaIbHNX BiAX1IeHb K0 piBHA QOoHAY OyAiBe/Ib HA OCHOBI feTepPMiHOBAHOTO MOPIBHAHHS
pelpe3eHTaTUBHUX ClieHapiiB. 3allpONOHOBAHI MaTeMaTU4Hi 3a/IeXXHOCTI 7 Ki/IbKiCHOTO OIIiHIOBaHHA MifIBUIYIOTH
HaJ{/HICTD €KOMOTIYHOr0 MOHITOPMHTY, JAl04M 3MOTY PO3pOOISATH Oi/bII TOYHI HOPMATMBHI BUMOTHM Ta 3MEHINYBATH
BYIJIELIeBUIT CTifi OY/iBEeIBHOTO CEKTOPY
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