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This study attempts to address the issues of enhancing energy efficiency using mathematical
modeling methods. The research findings assert that energy saving is a new challenging task of the
21% century, since thermal and electric power consumption is essential to human life and building a
favourable living environment. It is observed that boosting the competitiveness, financial stability,
energy and environmental security of Ukraine’s economy, as well as improving the living standards
and the life quality seem hardly possible without realizing the energy saving potential and
increasing energy efficiency through modernization, technological advancements and the transition
towards rational and environmentally responsible utilization of energy resources. It is argued that
by resolving the above objectives, Ukraine might strengthen its positions among developed
economies. The following methods were used to carry out mathematical modeling to enhance the
university energy efficiency in the frameworks of the energy knowledge hub: neural network
technologies, mean absolute and relative error, mean absolute deviation, statistical comparison of
the forecast accuracy based on the mean absolute error, as well as time series forecasting. A model
to boost the University energy efficiency has been developed within the knowledge energy hub by
implementing neural network patterns based on the experimental data from the Kyiv National
University of Technologies and Design for the heating period 2020-2021. In particular, to optimize
the operating modes of automatic power supply control for University Building 4, mathematical
models with a complex algorithm structure have been employed (offering the increased resource
intensity of such tasks). It is argued that making a decision on the feasibility of using an energy hub
for University buildings and selecting appropriate equipment should be accomplished with due
regard to the structure and the capacity of energy consumers, their types, demands for quality and
reliability of electric power supply, their compliance with operating and safety standards, as well
as taking into account the results of climate, wind monitoring and monitoring of solar activity. The
conclusions resume that to assure the energy quality and the system sustainability, it is considered
important to resolve a range of issues related to inconsistency in generation and supply of
renewable energy from power plants, ensuring reliability and quality of energy supply through the
use of energy storage (batteries) in particular, etc.).
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Kuiecokuil nayionanvHuil ynieepcumem mexnon02ii ma ou3ainy, Yxkpaina
MATEMATHUYHE MOAEJIIOBAHHS IMNI/IBULHEHHA EHEPTOE®EKTUBHOCTI
YHIBEPCUTETY B CUCTEMI EHEPT'OXABA 3HAHb
YV yvomy oocniooicenni  30iticHioembcs  cnpoba  supiwiumu  npooaemu  ni0BUUEHHS
eHepeoepeKmusHoCmi 3 GUKOPUCMAHHAM — Memooie  MamemMamuinoco  MOOEN08AHHS.
Haczonowyemwcs, wo enepeopecypcoszbepesicennsi € 00HuM i3 gaxcausux 3asoany XXI cmonimma,
OCKIIbKU ~ CHOJMCUBAHHS — MEN1080i ma  eleKmpuyHoi  eHepeii € HeoOXIOHOI  YMOB0I0
HCUMMEODIANLHOCMI  TIOOUHU ™A CMEOPEHHs CNPUAMIUGUX YMO8 ii nobymy. 3asHaueno, wo
NiOBUWEHHS KOHKYPEHMOCHPOMONCHOCII, (IHAHCOB0I CMIUKOCMI, eHepeemuyHOoi ma eKon02iYHOl
Oe3neku YKpaiHCbKOi eKOHOMIKU, a MAKONC 3POCMAHHA DI6HS MaA SIKOCMI HCUMMS HACENeHHS €
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HeModcIusuUM 6e3 peanizayii nomenyiany eumepeozdepedtcenHs ma NiOGUWEHHS eHepeemUYHOl
ehekmusHocmi  Ha OCHO8I MOOepHi3ayii, MeXHONI02IYHO20 pPO3BUMK)Y mda nepexody 00
PAayioHanbHO20 Ma eKOoI02IUHO 8i0N06I0ANbHO20 GUKOPUCMAHHA eHepeemudHUxX pecypcis. /losedeno,
wo 8i0 pe3yrbmamie GupiuleHHs yici npobaemu 3anedxcums i micye Yxpainu ceped eKOHOMIUHO
pO36uUHeHUx — Kpain. [l 30iUCHEeHHA  MAmeMamuyHo20  MOOENO8AHHA  NIOBUUYEHHS.
eHepzoepexmusrHocmi yHigepcumemy 6 cucmemi enep2oxaba 3HAHbL BUKOPUCTNAHO MAKI Memoou:
Hetipomepedicedi MexHoN02ii, cepeOHI0 aOCONOMHY ma GiOHOCHY NOMUTNKY, CepeOHE abCoNomHe
BIOXUNIEHHS, CMAMUCMUYHe NOPIGHAHHA SKOCMI NPOSHO3I8 HA OCHOBI CepeOHbOi aOCONOMHOT
NOMUNKY,  NPOSHO3 Npu  aHanisi  dacosux padis.  Pospobreno  modens — niosuuyenHs
eHepzoeexmusHocmi  yHigepcumemy 6 cucmemi eHep2oxaba 3HAHb HA OCHO8I 3ACMOCYBAHHA
Hetipomepedicegux Mooenel, HAGUeHUX HA OCHOBI GUKOPUCMAHHA eKCNePUMEHMANbHUX OAHUX
Kuiscbkoeo nayionanbroeo yuisepcumemy mexHonoz2it ma Ou3aity 3a onanosaivrutl nepioo 2020—
2021 poxis. 3okpema, 3 Memor onmumizayii percumis eKcniyamayii yCmano8oK agmomamuiHozo
KepyB8aHHs eHep2onoCcmayauHam Kopnycy Ned ynigepcumemy 3acmoco8ano mamemamuyri Mooeii,
Wo Marmv CKIAOHY CMPYKMYpY a1copummy (pecypcoeEMHicms maKux 3a80anb 30L1bULEHO.
Busnaueno, wo nputinamms piwerHs w000 00YiIbHOCMI BUKOPUCAHHS eHepeoxaba 0 Oydisendb
VHIgepcumemy ma niodip O00IAOHAHHA MalOMb  30TUCHIOBAMUC 3ANEHCHO 8I0 CKAAOYy mda
NOMYIHCHOCMI  eHeP2OCNONCUBAYIB, X KameeopiuHocmi, 6umoe 00 AKOCmi ma HAOUHOCMmI
eIeKMpoOnoOCmMadanis, ix 8i0n0GiOHOCMI YMOBAM eKcniyamayii ma HOpmam Oe3neku, a markoxic 3
VPAXYBaHHAM pe3yIbmamie KIMAMmu4Ho2o, GIMPOMOHIMOPUHSY MA MOHIMOPUHCY COHAYHOL
aKmuseHocmi. Y 8UCHOGKAX pe3tomyemuvcs, wo 01s 3a6e3neuents AKocmi ompumanoi eumepeii ma
cmiukocmi cucmemu 806a4aemuvcss 3a OOYLIbHE GUPIULEHHS KOMNJIEKCY 3A80aHb, NOB'SA3aHUX 13
HEepPIBHOMIDHICIIO BUPOONEHHA MA HAOXOONCEHHs BIOHOBIIOBAHOI eHepeii 6i0 eHep20yCmMAaHOB0K,
3a6e3neyeHHAM HAOIUHOCMI Ma SAKOCMI eHepeOnOCMAYaHHs, 8 MOMY YUCHL Yepe3 BUKOPUCHAHHSL
HAKONU4y8ayis eleKmpuyHoi enepeii (aKkymyismopHux bamapei mowo).
Knrouoegi cnoea: enepeoxad; enepeoeexmusnicms, yHigepcumem, Hetpomepedrci.
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Bajepus I'. lllep0axk, Anekceii 0. BoasiHuk
Kueeckuii nayuonanoHvlil yHugepcumem mexHo102uil u ouzaiina, Yxkpauna
MATEMATHUHYECKOE MOJAEJTNPOBAHUE IMOBBILNEHUSA
JHEPT'OO®®EKTUBHOCTU YHUBEPCUTETA B CUCTEME
OYHEPIOXABA 3HAHU
B Oannom uccnedosanuu npeonpunumaemcs nonvimka peuwiums npooieMvl NOBbIULeHUS
IHEPeOIPheKMUeHOCMU ¢ UCNOTL3OBAHUEM — MEMO008  MAMEMAMUYECcKO20  MOOeTUPOBAHUSL.
Ommeuaemcs, umo 3HepzopecypcocOepedcenue Aaemcs 00HOU u3 eadcHvix 3aoay XXI eeka,
NOCKONLKY nompeobienue meniogol U 1eKmpudecKol dHepeuu A1Aemcs HeoOX00UMbIM YCl08UeM
JHCUBHEOesAMeNbHOCMU 4elo8eKa U co30anue ONa2onpusmuslx yciosuil e2o ovima. OmmeueHo, 4mo
noGblUEeHUe — KOHKYPEHMOCHOCOOHOCMY, — (DUHAHCOBOU ~ YCMOUYUBOCMU, — SHEp2emuyeckou U
9KONI02UUECKOU De30nacHOCMU YKPAUHCKOU IKOHOMUKU, A MAKH#Ce POCH YPOBHS U KA4eCcmea HCU3HU
HaceleHUs HeBO3MOXNCHbL 0e3 peanuzayuu HNOMEHYuana 3dHepeocoepedtcenus U NOBbIUUEHUs
9Hepeemu4eckol d¢hhexmusHocmu Ha OCHO8e MOOEPHU3AYUU, MEXHONOSUUEeCKO20 DA3BUMUsL U
nepexooa K payuOHANbHOMY U IKOIOSUHECKU OMEEMCMEEHHOMY UCHONIb308AHUI0 IHEPEMUYECKUX
pecypcos. Jlokazano, umo om pe3yibmamos peuieHus 3mot npooiemvl 3a8Ucum mecmo YKpauHol
cpeou IKOHOMUYECKU PA36UMbIX CMpPaH. /[ ocyujecmenenus Mamemamuieckozo MoOeaupo8anus
No8blUleHUs IHEP20IDDeKkmuUsHOCmU YHUBEpcUumema 6 cucmeme dHepeoxada 3HaHUuLl UCHONIb30BAHbI
crnedyiowue Memoovl. Heupocemesvle MeXHON02UY, CPeOHss aAOCOMOMHAA U  OMHOCUMENbHAA
owubKa, cpeonee abCoONOMHOe OMKIOHEHUe, CMAMUCMUYecKkoe CpasHeHue Kaiecmaea npocHo3068 Ha
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OCHOBe cpeoHell abCoNOMHOU OWUOKU, NPOCHO3 NPU OCYWECMBIeHUU aHAIU3A BPEMEHHBIX PA00S.
Paspabomana moodenv nogviuenus s3uepeodghgexmuenocmu yHusepcumema 8 cucmeme sHepeoxaoa
3HAHULL HA OCHOB8E NPUMEHEHUs. HeUupocemesvix Mooelell, 0OYYEeHHbIX HA OCHOBe UCNONb308AHUS
IKCNEPUMEHMATbHBIX OaHHLIX Kuesckoeo HayuoHanbHo20 yHusepcumema mexHoai02ull U Ou3aita 3a
omonumenvuviti nepuod 2020-2021 20006. B wacmuocmu, ¢ yeivld ONMUMUAYUU PEHCUMOB
IKCRLyamayuy  YCmMaHoB0K A8MOMAMUYECKO20 YAPAGIeHUs. IHepeOCHabdceHuem Kopnyca Ned
VHUBepCcUumema npUMeHeHbl MamemMamuyecKue MoOelu, UMelouue C1ONCHYI0 CIMPYKmypy aneopumma
(pecypcoémkocms  makux 3adau  yeeauuena). Onpeodeneno, 4mMo NpUHAMUE PEeUleHUsT O
yenecooopasHOCmu UCNONIL3068AHUS dHepeoxada OJisi 30aHull YHugepcumema u noooop 060pyo0osanus
OOJIIHCHBL OCYUECMBISIMbCS 8 3ABUCUMOCIU OM COCMABA U MOWHOCMU Hep2onompebumernetl, ux
Kame20putiHoCmu, mpebosanull K Kaiecmey u HA0EXCHOCMU JNIeKMPOCHADHCEHUS, UX COOMEEMCMBUs
VCIOBUSAM  IKCHIYamayuu U HOpMAM Oe30NACHOCMU, d MAKdce C V4EMOoM pe3yabmamos
KAUMAMUYECKO20, 8eMPOMOHUMOPUHeA U MOHUMOPUHeA COJIHEYHOU akmueHocmu. B 6vleooax
pestomupyemcs, ymo 0/ 00ecneyenus Kauecmea NoLy4eHHOU dHepeun U YCmMoudugoCmuy CUCmembl
npeocmasnaemcs yenecooOpasHbiM peuleHue KOMNIeKCa 3a0ay, C8A3AHHbIX C HePABHOMEPHOCbIO
8bLIPAOOMKU U  NOCMYNAEHUS BO300HOGIAEMOU OHEPIUU OM IHEP2OYCMAHOBOK, obecnedeHuem
HAOENCHOCU U KAYeCmBa IHEP2OCHADICEHUS, 8 MOM Yucie 01a200aps UCNONb308AHUI0 HAKONUmMenel
INEKMPUUECKOTU dHEPSUU (AKKYMYIAMOPHBIX bamapeti momy noodooHoe).
Knrwouesvie cnosa: snepeoxad, snepeosghgexmusnocms, ynusepcumem, Heupocemu.

Introduction. Improving energy efficiency and energy conservation are among the most
important areas of economic modernization (J. Di Stefano) [1]. Improving energy efficiency both at
the stage of design in decision-making, from the point of view of, I. Gryshchenko, V. Shcherbak,
O. Shevchenko, and at the stage of equipment operation is an urgent task [2]. The quality of
decisions made at the stage of design of heat engineering installations of higher educational
institutions depends on the tools that are used in this area [3]. During the operation of thermal
process and power plants (J. Liu, Q. Yao, Y. Hu), there are problems associated with improving the
energy efficiency of higher education institutions [4]. For these purposes (K. Shaposhnikova,
V. Shimov) mathematical modeling is actively used [5]. Mathematical models of processes are
constructed (V. Shcherbak, L. Ganushchak-Yefimenko, O. Nifatova, P.Dudko, N. Savchuk,
I. Solonenchuk) based on the solution of systems of differential and sometimes integrodifferential
equations. Numerical methods are mainly used to solve such systems [6].

When operating heat and power plants and systems to solve the problems of improving their
energy efficiency is often important speed of information processing. The application of neural
network models (E. Vieira dos Santos, B. Zampieri, S. da Costa, E. de Lima), trained using
experimental data or simulation results obtained on mathematical models, allows to solve these
problems [7].

Mathematical models having a complex algorithm structure (the resource intensity of such
problems is increased) are difficult to use for optimization of plant operation modes. The
optimization problem becomes more complicated (X. Xing, Y. Yan, H. Zhang, Y. Long, Y. Wang,
Y. Liang) if the plants are combined in a thermal process system [8]. In this case optimization has
multilevel character. As the first level in such a system is considered optimization of operation
mode of higher educational institution (L. Ganushchak-Efimenko, V. Shcherbak, O. Nifatova), and
as the second level — optimization of plant system operation mode [9]. For a group of installations
energy efficiency increases due to the reduction of energy consumption during the transition from
one mode of operation to another. In this case the choice of installation for processing of regulation
of energy consumption of higher educational institution is optimized. With this formulation of the
question the resource-intensiveness of the problem increases many times. To make a decision taking
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into account two or more levels of optimization (J. Nayak, M. Mishra, B. Naik, H. Swapnarekha,
K. Cengiz, V. Shanmuganathan) neural network models can be effectively used [10].

Recently, multiphysics numerical software packages such as Ansys, FlowVision, Phoenics [7]
have been increasingly used for modeling thermal engineering and power plants. For mathematical
models of heat-engineering and power plants built with the use of these packages, solving
optimization problems aimed at improving energy efficiency causes a number of difficulties.

The purpose of the study is to propose a methodology for mathematical modeling of energy
efficiency of the university in the system of energy Knowledge Hub. The study was conducted in
2021 on the basis of energy use data of Kyiv National University of Technologies and Design.

Matherials and methods. Nowadays neural network technologies are successfully used for
data analysis, so it will be appropriate to compare them with well-developed statistical methods.
The most commonly used measure of method accuracy is the mean absolute relative error (MAPE),
also known as the mean absolute percentage deviation (MAPD). The error expresses accuracy as a
percentage and is determined by equation (1):
(3]

1 N
MAPE = —¥1, Zo < 100% (1)
where N is the number of function values;
Z(t) 1s the actual current value of the function:

Z(t) is the predicted current value of the function.

The mean absolute error (MAE) is used to compare the quality of forecasts in statistics. The
mean absolute error is a common measure of prediction error in the analysis of time series and is
determined by equation (2):

MAE = %E;‘;Jz(r) —-Z(1)| 2)

In statistics, one way to quantify the difference between predicted and true values is to use
the root mean square error (MSE) or the square root of the RMSE, which are determined by
equations (3), (4):

MSE==3X (z(8) - Z())° 3)

RMSE = +\MSE 4)

Results and discussion. Energy saving in the budgetary sphere is of particular importance
for higher education institutions, since increasing the efficiency of energy resources use is directly
related to the efficient use of budget funds. In cities it is especially important to implement resource
saving by budget institutions on the basis of transition from calculated heat consumption to actual
heat consumption, as in this case the main beneficiary — the budget of the higher educational
institution — is clear. The set of works should include not only implementation of energy saving
measures and technologies, but also measures of organizational plan, such as:

- formation of a legal basis for the development of the market of energy services in the
budgetary sphere;

- creation of a system for categorizing the energy efficiency level of budgetary
organizations;

- definition of regulatory requirements for the minimum level of energy efficiency of public
sector facilities that have undergone major repairs;

- introduction of requirements for energy efficiency parameters for energy-consuming
products and equipment into the public procurement system;

- energy inspections and certification of public sector facilities.
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Energy inspections and certification of public sector facilities are carried out to:

- identifying the energy saving potential;

- definition of the main energy saving measures;

- definition of the public sector facilities, where the energy saving measures shall be
implemented first of all;

- setting of normative indicators of energy consumption (limiting energy consumption).

Realization of the energy saving potential in the heating system of higher education
institutions is connected with three main directions:

- metering of heat energy for heating needs;

- adjustment of heating systems for an optimal distribution of the heat carrier;

- improving heat protection characteristics of buildings.

The evaluation of the accuracy of neural network modeling in comparison with linear and
multiple regression modeling shows the advantage of neural networks in solving energy efficiency
problems (table 1).

Table 1

Accuracy results of energy efficiency parameter forecasting in the multipurpose

computational complex based on energy Hub University

Criteria for determining the accuracy of methods MAPE MAE MSE RMSE
Linear regression 16,94 6,887 72,24 8,499
Multiple regression 6,585 2,789 17,91 4,232
Neural network (multilayer perseptron) 3,901 1,621 8,423 2,902

The analysis allowed to formulate the signs, in which the modeling of objects is preferable
to conduct with the use of neural network technology.

Energy efficiency of energy Hub University depends on how complex mathematical models,
how many factors they take into account, and often descriptions of overly detailed numerical
mathematical models become unaffordable at this stage to solve by modern computers.

There is a lack of data for modeled objects when solving energy efficiency problems, or it is
not clear how they change within the object under study. In this case it is very difficult to formalize
the problem.

When using numerical mathematical models, it takes quite a long time to get a result in
many cases. Therefore it is problematic to use them to make a decision on management of energy
efficiency system of the university.

Sometimes the problem of saving of energy resources in systems, for example, when there
are resource restrictions for decision-making, because of its high resource-intensiveness cannot be
solved at all.

It is necessary not only to consider real possibilities of mathematical modeling, but also to
compare expenses for modeling with the received effect (with increase of complexity of model the
increase of expenses can exceed increase of effect).

Analysis of the stages of neural network models development when performing the
presented problems of energy efficiency of the Hub University allows to identify the preferred
neural network technology toolbox from the significant variety of neural network modeling
technologies (Fig. 1).

From the analysis of the stages of development using neural network technology in solving
the problems of improving energy efficiency on the basis of energy Hub University, the following
conclusions can be made:

- when selecting the type of the problem most often have to solve the prediction problem;
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- in determining the feature space is not limited, if a mathematical program is used as a
teacher, and is limited when using experimental data for training; sometimes it is difficult to choose
the feature space due to the vagueness of the interaction of features;

- when presenting the expected result of a neural network, most often it can be presented
with a certain error; when training a neural network with experimental data, there is a limit to the
set of these data;

- in practice, when solving the problems presented, it is best to use the type of neural
network built on a multilayer perseptron;

- when selecting data to form a training sample most often the data is limited;

- in the presented cases for practical purposes it is better to use existing neural network
programs, rather than develop your own;

- to analyze the results, the data must, at least, be presented in tabular form or visually in the
form of graphs.

@ 9] [
2. The feature space is not 3. There is a benchmark J 4. Multilayer perceptron
limited
U A = v
>
: Energy Hub to increase the efficiency of 5. The data is
I. Forecasting < multi-purpose computing complexes in > ideal
task solving heat exchange problems
U pd \l’ [
7. Excel Spreadsheets < 6. It is better to use existing
L programs

Fig. 1. An example of an analysis of the stages of development of neural network technology
to improve the efficiency of multi-purpose computing complexes in solving the problems
of heat exchange based on the energy Hub of the University

Experimental researches [3] in one of the buildings (fig. 2) showed that installation of heat
energy meters allows to save 7% of expenses paid for heat energy. Values of calculated heat
consumption by a building show that with implementation of energy-saving measures it is possible
to reduce heat consumption by another 12.5%.

Heat energy consumption, Geal

January  February March April May June

0 Payable W By the device I Settlement
s Linear (pavable) Linear (according to Linear (calculated)

the device)

Fig. 2. Results of experimental studies of energy efficiency of KNUTD building No. 4 (2021)
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It should be noted that a significant proportion of the generalized heat transfer of the
building is heat going to heat the air infiltrating through the exterior envelope. This is due to the fact
that a significant part of the exterior enclosures are windows, which by their design features have an
increased air permeability. The degree of glazing of the facade is 23.5%. The effect of thermal
protection of the attic floor by filling in with a layer of keramzite gravel is estimated by the
reduction of heat loss by 4.2%. The installation on the facades of the external thermal insulation
made of expanded polystyrene slabs with a thickness of 30 mm will reduce heat consumption by
another 10%. We recommend insulating the basement walls and the walls of the warm attic from
the inside by applying thermal insulation materials, equipping radiators with thermostatic valves,
installing heat meters in apartment buildings, automated individual heat points with weather control
and calculation of the hydraulic mode of heating networks. Thus, varying by various measures on
improvement of heat protection of buildings and constructions and their heating systems, it is
possible to provide 40-50% of energy saving.

Installation of automatic regulating valves made it possible to reduce the flow of heat carrier
at night and on weekends and holidays. Analysis of data from the operation of control devices
during the heating period of 2020-2021 showed that heat energy savings amounted to 10%. Roofs
were repaired using modern technologies, double-glazed windows were installed, and old cast-iron
radiators were replaced. The efficiency of the entire heat accounting and control system amounted
to 40%.

Organizational measures (without costs): reducing the heating period; renting out the
premises with tenants paying for utilities, charging the losses in the external heating system of
buildings to heat supply organizations; allocating energy costs necessary to perform work under
economic contracts; turning off supply ventilation; turning off part of the service buildings at the
beginning and end of the heating period. Organizational and technical measures (costly):
installation of meters and transition from estimated heat consumption to actual consumption, repair
of roofs, installation of double-glazed windows and vestibules, optimization of supply ventilation,
replacement of radiators.

Energy saving measures (costly): installation of valves with a daily control cycle;
organization of a weekly control cycle (weekdays and weekends), up to complete shutdown of
heating systems on weekends in September and May; transition to local electric water heaters.
Thermal imaging survey of the heating system of the building, carried out in 2020 during the energy
survey [3], showed significant heat losses in the heating system (Fig. 3).
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Fig. 3. Sections of the coolant pipeline and gate valve

When reconstructing the heating unit of the university building, an automatic system for
regulating the heat supply was installed, using sensors not only outside the building, but also at 3-4
points inside. This makes it possible to take into account not only the temperature of the outside air,
but also solar radiation, wind power, heat generated by people and equipment.
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In the course of the project the following measures are taken (Table 2):

- conducting an energy audit in the university buildings and social facilities;

- improving the energy efficiency of heat sources;

- renovation of heat, power, water and sewage networks;

- a set of works to improve energy efficiency and to carry out the capital repair of academic
buildings;

- a set of works to improve energy efficiency in the buildings of the social sphere;

- installation of metering devices with the introduction of data transfer systems.

Table 2
Design efficiency of energy-saving measures
Energy saving measures Benefit for the end user Epergyo ngback
savings, % | period, year
Heating units in university Energy efficiency of the heating
1 15-25 3,5
buildings system
Installation of elevator unit on the pump unit (with heat metering) 10-15 0,5
Arrangement of heat supply unit with automatic regulation 35 1
Replacement of the elevator unit on the pump unit (with heat metering) 15-25 2
Replacement of elevator unit for pumping unit (with heat accounting) 15-25 3
Replacement of the elevator unit under the independent heating scheme 15-05 3.5
with heat exchangers and heating (with heat accounting) ’
Internal heating systems Reducing heat consumption and
. . 10-30 3,5
improving comfort
Heating networks Reducing costs for the utility 20-40 3
Exterior insulation of | utility
residential buildings 50-70 30
Thermal insulation of building | Reducing heat 10 30 20
envelopes
External insulation of roofs consumption and increase comfort 2-5 25
Insulation of district heating|Decrease of heat consumption in 15-05 3
pipes heating systems
Institutional developments Decrease in heat consumption and 515 4
increase comfort

As recommendations, it was proposed:

- switch to a closed hot water system with the installation of a circulation pump in the
scheme;

- to improve thermal insulation with the help of such materials as polyurethane foam,
mineral wool Isover and modern thermal paints;

- to carry out an overhaul (reconstruction) of the heating system;

- to carry out a thermal and hydraulic balancing of the system;

- to install thermostatic valves on heating radiators and supply ventilation calorifiers.

Conclusion. Energy-efficiency programs prioritize the implementation of low-cost and fast-
payback energy-saving measures. The main goal of the programs is to reduce budget expenditures
for power supply to municipal buildings by rationally using all energy resources and increasing
their efficiency. The program-targeted method is the most optimal for solving this problem. It
allows to solve tasks on the scale of the whole oblast, to use efficiently the financial means
allocated for these tasks, to attract investments for realization of energy saving measures, to develop

41




ISSN 2786-5398
KypHaa cTpaTeriyHuX eKOHOMIYHHX
aocimkennb, Ne 5, 2021

ITPOBJIEMMU PO3BUTKY
EKOHOMIKH

the system of energy service rendering both at the stage of measures introduction and at the stage of

maintenance of the introduced equipment.
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