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INTERNAL ENERGY CIRCULATION SOLUTIONS IN HEATING,
VENTILATION AND AIR-CONDITIONING SYSTEMS: ASSESSMENT
METHOD AND COMPARATIVE ANALYSIS

Abstract. The paper presents an approach for assessing the sustainability of
energy-saving measures in buildings based on the integral Sustainability Impact
Index (SII), which incorporates the energy, environmental and circulatory
characteristics of each solution. The methodology was tested on a case study of an
office building, where energy-saving measures were structured into three groups and
evaluated through a comparative analysis. The study also included the development
of a circulatory solution based on the reuse of condenser heat from the buildings
chiller units. The results demonstrate that the application of the SII clearly reflects
the increasing importance of measures related to internal energy circulation. The SII
value for the circulatory measure was found to be approximately twice as high as for
the technical and operational groups, indicating its concentrated impact and
potential to replace external energy resources. The proposed approach allows for a
more accurate prioritization of sustainable solutions and can be applied in planning
HVAC system modernization and developing building decarbonization strategies.

Keywords: building energy efficiency, HVAC systems, circulatory solutions, heat
recovery, sustainability index, multi-criteria assessment.

Introduction. Heating, ventilation and air conditioning systems are among the
main energy consumers in buildings and contribute significantly to their operational
carbon footprint. Traditional approaches to improving their performance usually rely
on local technical or control measures and do not take into account the potential of
internal energy flows. As a result, considerable amounts of low grade heat from
chiller units, server rooms, data processing centres, telecommunication equipment,
pumping units and auxiliary cooling systems continue to be released into the
environment. Growing requirements for the energy resilience of buildings and the
tightening of environmental standards create a need for evaluation approaches that
consider not only the local efficiency of individual measures but also their
contribution to internal circulatory energy flows.
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Research relevance. Circulatory energy solutions play an important role in
current building decarbonization strategies because they support the reuse of internal
thermal streams and reduce the dependence on external energy sources [1,2]. The
algorithm for the transition to sustainable energy systems (Fig. 1) includes a
consistent introduction of energy efficiency measures, the modernization of
technological processes and the transformation of heat supply sources. Within this
structure, circulatory solutions take an intermediate position and generate a system
level effect that cannot be fully reflected by traditional energy or economic
performance indicators.

Initial Energy
Consumption

Energy Efficiency

Residual Transition to RES/Low-
Demand Carbon Sources

Fig. 1. Algorithm for Ensuring the Decarbonisation of Building Energy Systems incl.
Renewable Energy Sources (RES)

Although considerable attention has been given to the technical aspects of heat
recovery technologies and to the evaluation of their economic performance, the
methodology for comparing such solutions with other energy saving measures
remains insufficiently explored. This gap determines the relevance of the present
study.

Recent studies and publications. The issues of improving the performance of
HVAC systems are widely represented in contemporary literature. A substantial body
of research focuses on the enhancement of equipment, the optimisation of operating
modes and the implementation of intelligent control algorithms [3—4]. International
organisations and professional associations define key directions for the development
of energy efficient technologies and provide corresponding recommendations for the
building sector [5—7]. These studies confirm that traditional technical and control
based measures remain a fundamental tool for system optimisation.

Various approaches to heat reuse in buildings are examined in recent research.
These include systems for the extraction and transfer of low grade thermal energy
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(heat recovery) [8—10], integrated cooling and heating schemes that combine the
operation of the cooling and heating parts of the system [11-13], and internal closed
energy loops that support the redistribution of thermal flows within a building
[14,15]. It has been shown that heat recovery solutions can significantly reduce
thermal energy consumption and CO, emissions in large office buildings [16—-17]. At
the same time, existing research mainly concentrates on the technical aspects of
integrating such modules, while the methodological comparison of these solutions
with other energy saving measures remains insufficiently addressed.

Current approaches to the analysis of the sustainability of energy solutions often
employ multi criteria decision making methods that allow simultaneous consideration
of energy, environmental, economic and operational factors [18]. The study in [19]
proposes the use of normalised weighting coefficients for comparing HVAC
modernisation options, which aligns with trends in building energy research.
However, the available literature contains virtually no studies in which the criterion
of internal energy circulation is considered separately and its system level role within
the structure of energy effective measures is explicitly evaluated.

Therefore, despite the large number of studies devoted to HVAC optimisation
and heat recovery technologies, the development of an evaluation method that
correctly identifies the priority of circulatory solutions in the context of long term
energy resilience of buildings remains an open task. The present study addresses this
gap.

The aim of the paper is to develop a method for multi criteria assessment of
circulatory energy solutions in building HVAC systems and to test this method for
determining the relative effectiveness of a condenser heat recovery scheme in
comparison with traditional energy saving measures.

Main part. Modern strategies for improving the sustainability and
decarbonisation of building energy systems are often associated with the transition to
renewable energy sources. At the same time, the effectiveness of such solutions
largely depends on the quality of the preceding stages, which include the optimisation
of energy consumption and the modernisation of technological processes. The three-
component approach shown in Fig. 1 supports the reduction of resource losses and
forms a basis for long-term decarbonisation [20]. In building systems these three
blocks include the following directions.

¢ Block 1. Optimisation of energy consumption. Measures that reduce the
initial energy demand of a building through improved performance of engineering
systems, a decrease in losses and the use of precise and adaptive control.

e Block 2. Adoption of sustainable technologies. Measures that change or
enhance the operating principles of HVAC systems. This includes the modernisation
of energy intensive components, the introduction of advanced heating and cooling
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technologies, the implementation of zonal transformations of the system and the
development of circulatory solutions that enable the return and reuse of internal
thermal flows.

* Block 3. Transition to renewable energy sources. Integration of low carbon
and renewable energy systems to cover the remaining load after the implementation
of the previous stages.

The subsequent analysis addresses a practical case study developed during the
energy audit of an office building in Kyiv. Since the solutions belonging to the second
block of sustainable technologies are technically complex and require careful
justification, the audit included the search for an option that is rational, economically
feasible and suitable for implementation under real operating conditions.

The evaluation of circulatory solutions requires prior identification of all thermal
flows within the building. The zonal distribution of engineering systems by floor,
presented in Fig. 2, provides the basis for further analysis of their interactions.
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Fig. 2. Zonal distribution of building engineering systems by floors

42



Benmunsuis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 54, 2025

Cooling in the building is provided by two chiller units operating with dry
coolers, while heat supply, preheating of supply air and domestic hot water
preparation are ensured by the central heating station equipped with nine heat
exchanger modules. The internal spaces are fitted with fan coil units that operate in
both cooling and heating modes.

During the cooling season, heat from the condenser circuits is discharged
through the dry coolers, which leads to a substantial amount of waste heat being
released into the atmosphere. Considering the duration of the summer period and the
intensity of cooling system operation, these losses are considerable.

At the same time, the building includes a domestic hot water system with a
stable thermal load, which creates a natural demand side loop capable of utilising part
of this heat. The combination of a significant source of waste heat and a constant
thermal demand creates favourable technical conditions for the integration of a heat
recovery module into the chiller plant.

The measure involves the inclusion of a factory produced heat recovery module
in the condenser circuit of the chiller system. The module is manufactured and
supplied by the chiller producer as a standard modernisation option, which ensures
complete compatibility and reliable system operation.

According to the manufacturer, the heat recovery module can extract
approximately 70 to 80 percent of the condenser heat, which is then used for
preheating cold water in a buffer tank before the domestic hot water system. The
main heat exchangers of the heating station continue to maintain the required
temperature parameters, while the recovery module only reduces their load without
altering the configuration of the existing system. The operation of the integrated
system is shown in Fig. 3, which presents the general principle of connecting the heat
recovery module to the hydraulic circuit of the chiller plant and the domestic hot
water system.

The heat recovery module operates in parallel with the existing condensers and
performs the following functions:

1. When there is a demand from the domestic hot water system, the module
provides preliminary heating of cold water in the buffer tank before it enters
the main heat exchangers of the heating station.

2. When the amount of available heat exceeds the demand for water preheating,
the excess 1s automatically discharged to the dry coolers, which corresponds
to the normal operating mode of the system.

3. The operating mode of the chiller units remains unchanged, since the module
automatically regulates the condensation pressure and adjusts to the actual
thermal load.
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Fig. 3. Diagram of condenser heat recovery in the building’s cooling system

The proposed heat recovery solution enables the utilisation of a portion of the
condenser heat that was previously entirely discharged to the dry coolers. According
to the analysis, the amount of heat available for reuse reaches approximately
301.9 MWh per year. In addition, the reduction in the thermal load on the dry coolers
decreases their electricity consumption by about 17.8 MWh per year, which provides
a noticeable energy benefit during the summer period. Owing to the reduced
consumption of energy resources, the total annual environmental effect is estimated at
approximately 85.7 tonnes of CO, per year.

For a correct determination of the priority of the heat recovery solution, its
energy and environmental indicators must be compared with those of other energy-
efficient measures identified during the building audit. For this purpose, the measures
were organised into structured groups and an integral sustainability assessment
method was applied, which makes it possible to compare heterogeneous solutions
using consistent criteria.

Within the energy audit of the office building, sixteen energy saving measures
were identified, each characterised by a different type of influence on HVAC system
performance. To ensure a structured analysis and a consistent comparison of their
contribution to sustainability improvement, these measures were consolidated into
three groups, namely technical (engineering), operational and managerial, as well as
circulatory energy solutions. Table 1 presents the content of each group, the
corresponding energy and environmental indicators and the values of the
Sustainability Impact Index (SII), which is used for the comparative assessment.

The calculation of the SII sustainability index for each solution i is based on a
combination of four criteria and is formally expressed as follows:

SII,=F|AE+ACO, +AB AR

(1

-+ .o
losses , i circ,i
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Table 1

Energy and environmental performance of energy-saving solutions and their
sustainability index

Ne| Groups of Measures and Num- | Energy ef- | Environmen- | SII
Their Content ber of | fect, tal effect
mea- | MWh/year |t CO,-eq/year’
sures
1 | Technical (engineering) 7 222,3 75,7 0,54
solutions

Hydraulic balancing of heating
systems, improvement of
connection nodes, replacement
of outdated equipment with
modern units, enhancement of
filtration and heat-transfer
efficiency, reduction of airflow
resistance in ventilation ducts
2 | Operational and managerial 8 392.0 105,5 0,73
measures

Implementation of weather-
based control, zonal
temperature management
protocols, adjustment of
HVAC operating parameters,
improvement of monitoring
and control functions
(metering, sensors, SCADA),
enhancement of user
interaction with the systems
3 | Circulatory energy solutions 1 319,8 85,7 0,86
Installation of an integrated
condenser-heat recovery
module

* The environmental effect was calculated using the national CO, emission factors in
accordance with Annex 10 of the Methodology for the Energy Performance of Buildings
(MinRegion Order No. 169 of 11.07.2018): 0.42 t CO/MWh for electricity and 0.2598 t CO /MWh
for district heating.
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where AE; is the annual energy savings; ACO,; is the reduction of greenhouse gas
emissions; AB.s,; 1S the decrease in avoidable energy losses; AR, is the increase in
the share of internal energy reuse.

Since these criteria have different physical nature and units of measurement, the
method of normalised weights was applied to integrate them into a unified evaluation
model, which is widely used in multi-criteria analysis of energy systems. This
approach is applied in MCDM methodologies and in composite sustainability indices
described in a number of international reviews [18] and studies on comprehensive
HVAC modernisation [19].

The method requires expert determination of the relative importance of the
criteria followed by weight normalisation. The sum of the weights for the four criteria
is equal to one:

W1+W2+W3+W4:1 (2)

Such a choice reflects the priority assigned to the circulatory component
(internal reuse of energy), which is a key element of the proposed solution and
corresponds to contemporary approaches to the energy sustainability of building
systems.

To ensure the comparability of the criteria, the numerical values of the annual
energy savings AFE; and the reduction in emissions ACO,; were converted into
dimensionless form by normalising them within the interval [0;1]. Normalisation was
performed using the relative maximum among all three groups of solutions:

= A Ei —~A A ECOZ,'

E':max AE) 2~ max (AECOZ)

3)

The criteria are then included in the calculation of the sustainability index with
the corresponding weighting coefficients. The SII value for solution i is determined
as:

SII:w1Ei+w26\OJZ,i+w3AB +w,AR 4)

loss, i
The values of the normalised criteria and the adopted weighting coefficients for
the three groups of solutions are presented in Table 2, and the -calculated
sustainability index values are shown in Table 1.
The analysis of the results in Fig. 4 shows that the use of the SII index changes
the perception of the effectiveness of different groups of energy saving measures.
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Table 2. Normalized criteria and weighting coefficients for calculating the SII

no Group of measures E (F?\OJ2 ABioss ARcie W, W, Wi Wy

1  Technical (engineering) 0,57 0,72 1,0 0,3 0,25 0,25 0,1 04
measures

2 Operational and 1,00 1,00 0,7 0,4 0,25 0,25 0,1 04
managerial measures

3 Circulatory energy 0,82 0,81 0,5 1,0 0,25 0,25 0,1 04
solutions

For further comparison, the results from Table 1 were brought to a common
scale by converting indicators into relative values. This made possible to present the
three groups of measures in a comparable form and to perform their aggregated
evaluation. Based on these data, Fig. 4 was constructed to show the energy effect, the
environmental effect and the sustainability index SII for each group of measures.

Energy effect - 42 34

Environmental effect - 40 32 B Technical (7 measures)
Operational (8 measures)
Sustainability Impact Index - 34 41 Circulatory (1 measure)
TSI
S O O O O O O O o o O
— AN N <t v \O >~ 0 O 9

Fig. 4. Comparison of Energy-Saving Measures and Their Contribution to
System Sustainability

The technical and operational groups have comparable energy and
environmental indicators, although their overall effect is formed by numerous
individual actions, each of which provides only a limited contribution. At the same
time, the circulatory group contains only one measure, yet its aggregated SII value is
the highest among the three groups.

The obtained relationship shows that traditional indicators do not fully reflect
the potential of solutions that enable the reuse of internal energy flows and reduce the
building’s dependence on external resources. The use of the SII makes it possible to
evaluate such solutions more comprehensively and to justify their priority in the
development of modernisation plans and the enhancement of the resilience of
building systems.
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Conclusions. The energy audit of the office building resulted in the formation of
a set of energy saving measures that included technical, operational and circulatory
solutions, among them the reuse of condenser heat from the chiller units. The analysis
showed that the technical and operational groups generate their effect through
numerous local improvements, while a single circulatory measure achieved the
highest sustainability score. This confirms its considerably stronger influence on the
energy resilience of the building and demonstrates that solutions aimed at forming
internal energy flows can play a decisive role in the overall outcome of system
modernisation. The proposed Sustainability Impact Index made it possible to
compare measures with different characteristics and scales of influence in a
consistent way. The method demonstrated that traditional energy saving indicators do
not fully capture the potential of circulatory solutions and may underestimate their
priority within a classical energy audit. The use of the SII provides a more accurate
identification of measures that support the long term sustainable performance of
HVAC systems and deliver the highest overall effect.

References

1. “Transforming Our World: The 2030 Agenda for Sustainable Development.”
2015. https://sdgs.un.org/2030agenda

2. “COM/2019/640 Final. The European Green Deal.” 11 Dec. 2019. https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52019DC0640

3. Tosin Michael Olatunde et al. “Review of Energy-Efficient HVAC Technologies
for Sustainable Buildings.” International Journal of Science and Technology
Research Archive 6.2 (2024): 012-020.
https://doi.org/10.53771/ijstra.2024.6.2.0039

4. Jouhara, Hussam, and Junjing Yang. “Energy Efficient HVAC Systems.” Energy
and Buildings 179 (2018): 83—85. https://doi.org/10.1016/j.enbuild.2018.09.001

5. “Technology Roadmap: Energy-Efficient Buildings — Heating and Cooling
Equipment.” 22 June 2011. https://www.iea.org/reports/technology-roadmap-
energy-efficient-buildings-heating-and-cooling-equipment.

6. “ANSI/ASHRAE/IES Standard 90.1-2022: Energy Standard for Buildings
Except Low-Rise Residential Buildings.” 2022

7. Holzer, Peter. “Resilient Cooling of Buildings. Project Summary Report (Annex
80).” May 2024. https://www.aivc.org/sites/default/files/International-Energy-
Agency-Resilient-Cooling-of-Buildings-Project-Summary-Report-Annex-80.pdf

8. Hunt, Julian David et al. “Possible Pathways for Oil and Gas Companies in a
Sustainable Future: From the Perspective of a Hydrogen Economy.” Renewable
and Sustainable Energy Reviews 160 (2022): 112291.
https://doi.org/10.1016/j.rser.2022.112291

48




Benmunsuis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 54, 2025

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chen, Tingsen et al. “Influences of the Optimized Air Curtain at Subway
Entrance to Reduce the Ingress of Outdoor Airborne Particles.” Energy and
Buildings 244 (2021): 111028. https://doi.org/10.1016/j.enbuild.2021.111028.
“Circular Economy in Cities: Urban Energy Systems and Resource Loops.”
2019

Dikel, E. Erhan et al. “Evaluating the Standby Power Consumption of Smart
LED Bulbs.” Energy and Buildings 186 (2019): 71-79. DOIl.org (Crossref).
Web. 3 Dec. 2025. https://doi.org/10.1016/j.enbuild.2019.01.019

Tomlinson, J.J., C.K. Rice, and E Baskin. “Integrated Heat Pumps for Combined
Space Conditioning and Water Heating.” Las Vegas, Nevada, USA: N.p., 2005.
1-9.

https://www.researchgate.net/publication/313756730 INTEGRATED HEAT P
UMPS FOR COMBINED SPACE CONDITIONING AND WATER HEATI
NG.

Chakraborty, Subhrajit, Matthew J. Ellis, and Vinod Narayanan. “Air-to-Air
Multi-Function Heat Pumps for Combined Space Conditioning and Domestic
Water Heating.” Energy Reports 14 (2025): 3536-3546.
https://doi.org/10.1016/j.egyr.2025.10.033

Huang, J., Wen, J., Yoon, H., Pradhan, O., and Wu, T. (2022). “Real vs.
simulated: Questions on the capability of simulated datasets on building fault
detection for energy efficiency from a perspective”. Energy and Buildings, Vol.
259, 2022, p. 111872. https://doi.org/10.1016/j.enbuild.2022.111872

Xu, Q., Riffat, S., & Zhang, S. “Review of heat recovery technologies for
building applications”. FEnergies, Vol. 12, Iss. 7, 2019, p. 1285.
https://doi.org/10.3390/en12071285

Chinese, D., Meneghetti, A., Cortella, G., Giordano, L., Tomasinsig, E., and
Benedetti, M. “Environmental and economic assessment of industrial excess
heat recovery collaborations through 4th generation district heating systemss”.
Energy, vol. 307, 2024, p. 132630. https://doi.org/10.1016/j.energy.2024.132630
Prek, M. “Life-Cycle Analysis and Environmental Impact Assessment of
Heating and Air-Conditioning Systems.” Advances in Building Technology.
Elsevier, 2002. 1485-1492. https://doi.org/10.1016/B978-008044100-9/50184-4
Sahoo, S. K., Pamucar, D., and Goswami, S. S. “A review of multi-criteria
decision-making (MCDM) applications to solve energy management problems
from 2010-2025: Current state and future research™. Spectrum of Decision
Making Applications, Vol. 2, Iss. 1, 2025.
https://doi.org/10.31181/sdmap21202525

Ongpeng, J. M. C., Rabe, B. 1. B., Razon, L. F., Aviso, K. B., and Tan, R. R.
“Multi-criteria decision analysis for energy retrofit in buildings”. Chemical

49


https://doi.org/10.1016/B978-008044100-9/50184-4
https://doi.org/10.1016/j.energy.2024.132630
https://doi.org/10.3390/en12071285
https://doi.org/10.1016/j.enbuild.2022.111872
https://doi.org/10.1016/j.egyr.2025.10.033

Benmunsuis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 54, 2025

Engineering Transactions, Vol. 81, 2020, pp- 79—-84.
https://doi.org/10.3303/CET2081014

20. Bilovol, Hanna et al. “Development of a model of the complete set of methods
for enhancing energy efficiency in production systems as a tool for achieving
business sustainable development goals.” Collection of Scientific Works of the
Ukrainian State University of Railway Transport 210 (2024): 33-42.
https://doi.org/10.18664/1994-7852.210.2024.320702

VK 620.9; 697.01; 621.56 K.T.H., 1o1ieHT I'anna binoBo.

hanna.bilovol@gmail.com, ORCID 0000-0001-6168-5216

VYKpaiHChbKUH Jep>KaBHUM YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY

['onoBHuii ixeHep Mukojia Haymenko

nvnaumenko@mtuservice.go.ua, ORCID: 0009-0004-9650-6117

Hepxasne nianpueMctBo «Y KPCEPBIC MIHTPAHCY»
https://doi.org/10.32347/2409-2606.2025.54.39-51

LMPKYNALUIUHI EHEPTETUYHI PILLEHHA B CUCTEMAX ONAJEHHS,
BEHTUNALUII TA KOHOULIOHYBAHHSA NOBITPSA: METOA
OLIHIOBAHHSA TA NOPIBHANBbHUA AHANI3

AHoOTaWisgs. Y cmammi posensinymo nioxio 00 KOMNIEKCHO20 OYIHIOBAHHSL
cmanocmi enepeooujaoHux piutenv y 0y0iensax Ha OCHOGI iHmezpanbHo2o inoexcy SII
(Sustainability Impact Index). I[nOexc 006°cOnye enepeemuuni, exonociuni ma
YUPKVIAPHI XApaKmepucmuky piuleHb i 0ae 3mo2y NOPIBHI08AMU 3aX00U 3 DI3HOI0
npupooor ma macuimabom enaugy. Memoouka anpobosana Ha Npukiadi ogicHoi
0yoieni, O AKOI 6 Medcax eHepeemuuHo20 ayoumy CcQopMosaHo nepeiik
NOMEHYIUHUX 3aX0018 [ 32PYNOBAHO iX Y MeXHiuHi, onepayiiuHi ma YupKyIsapHi
PilenHs, nicisa 4020 BUKOHAHO iX OYiHI08aHHA 3a Kpumepiamu cmanocmi. Ocobausy
y6azy NpuoileHo YupKyIApHOMY DIEeHHI0, W0 nepeodayac 6UKOPUCMAHHA Meniomu
KOHOEHCamopig XON0OUNbHUX MAWUH Ol NOKpUMmMs nomped cucmemu 2apsaio2o
sooonocmayanus. Taxuil nioxio gopmye HYMpIWHIl eHepeemUuyHUll KOHmMyp 0y0iei
ma 3MeHULYE 3aNeNCHICMb BI0 308HIWHIX pecypci. AHAN3 8UKOHAHO HA NPUKIAOI
eHepeemuuno2o ayoumy ogicuoi 6yoisni ¢ Kuesi, obnaonanoi cucmemamu onaieHus,
eHmMunAYii, KOHOUYIIO8AHHSA NOGIMpPs ma 2apsayo20 8ooonocmavanHs. Pezynemamu
NOKA3AU, WO MEXHIYHI ma onepayiuni 3axoo0u 3abe3neyyroms nepesadcHo J1OKAIbHI
NoKpawenHs, moodi SK O0OUH YUPKYIAPHUL 3aXi0 MA€ HAUOLIbWULL IHMe2panbHUll
epexkm. 3nauenus SII ona pexynepayiiinoeo piuienus matidce 608i4l nepesuulye
NOKA3HUKU  THWUX 2pYn, WO NIOMEepod*CYye U020 CUCMEMHY 3HAYYWICMb.

50


https://orcid.org/0000-0001-6168-5216
https://doi.org/10.18664/1994-7852.210.2024.320702

Benmunsuis, oceimneHHss ma merinoaa3oriocmadyaHHs. Bun. 54, 2025

Bukxopucmanmus inoexcy SII 0oszeonsaec eusnauamu npiopumemuicms 3axo00i8 3
VPAxXy8aHHAM IXHbO20 6HECKY y (DOPMYBAHHA CMAIUX eHepeemudHUx NOmoKis, a He
Juwe y 3MeHUeHH s NOMOYH020 CROXCUBants enepeii. Taxuil nioxio € KopucHum Ol
ni020MOBKU NIIAHI8 MOOEPHI3ayii cucmem OnaieHHs, GeHMUNAYIL ma KOHOUYIIOBAHHSL
nogimps, iHeecmuyitiHux oOIpyHmysaHv | cmpameeii OekapboHizayii 0yoisens.
Ompumani pe3yromamu NiOmMeepoN*CYIomy, W0 3anAY4eHHs YUPKYIAPHUX pPilieHb 00
nepeniky nepuioyepeo8ux 3axo0ié Modice CYMmeESO NIOSUUWUMU — eHEePeemUudHy
cmanicms 06y0igenbHUX cucmeM Y 00820CMPOKOSIll NepCneKmua.

KuawuoBi  caoBa:  eunepeoeghexmusnicme  6yoisenn,  HVAC-cucmemu,
YUDKYIAYIUHI DIWEeHHs, peKynepayis menjiomu, iHOeKc cmanocmi,
bacamoxpumepiaivbHa OYiHKA.
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