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MANAGING ENERGY EFFICIENCY AND ENERGY SAVING

BASED ON THE UNIVERSITY ENERGY INNOVATION KNOWLEDGE HUB

This paper offers an argument for the need to providing further research on improving
energy efficiency and searching for modern management methods based on the university energy
innovation knowledge hub. The findings have revealed that the specific energy consumption in the
Ukrainian economy is unjustifiably higher than that of other European countries and countries with
transitive economies. It is noted that economic losses are becoming increasingly apparent in the
context of high cost of imported energy resources, low level of energy security, incompetitiveness of
industries and significant environmental wastes. The research methodology entails the principle of
studying and summarizing factual data on enhancing energy management and quality management
systems, as well as the university documentation. To attain the research agenda, the following
methods have been employed.: the system and structural analysis techniques, management theory,
methods of diagnostics and identification, graph theory as well as energy balance methods. The
study presents a mechanism of energy efficiency and energy saving management based on the
university energy innovation knowledge hub. The findings demonstrate that such a mechanism is
able to overcome the rejection by economic actors of innovation technologies in general and energy
efficient technologies in particular. The proposed mechanism of energy efficiency and energy
saving management based on the university energy innovation hub challenges the implementation
of specific economic measures that should include such elements as incentives (motivators) for
energy saving, energy market infrastructure and energy efficient technology, emergy projects
funding sources and tools. The conclusions resume that in modern realia, higher education
institutions should promote a shift from a formally declared energy saving policy towards a
University energy efficiency economy pattern as an energy autonomy driver, building a strategy for
combining indicative and market functions in ensuring energy efficiency.

Keywords: energy innovation knowledge hub, energy efficiency; university; energy
autonomy.

Bajepis I'. Illepbak, Onena M. Higatosa
Kuiecvkuil nayionansHuil ynigepcumem mexnono2ii ma ouzainy, Ykpaina
YIHPABJIIHHS EHEPTOE®EKTUBHICTIO TA EHEPI'O3BEPEXEHHSIM
HA BA3I YHIBEPCUTETCHKOI'O EHEPT'O-THHOBAIIIITHOI'O XABA 3HAHb

Cmammio npucesueHo 0oyiibHOCMI 30TUCHEHHA NOOANbUIUX HAYKOBUX PO3BIOOK 3 NUMAHD
nioBUWEeHHs eHepeoeheKMUBHOCMI ma NOULYKY CYHUACHUX Memoodieé YNPAeliHHA Her Ha 0a3i
CMBOPEHHS VHIBEPCUMEMCbKO20 eHep2o-iHHo8ayiliHo2o xaba 3uamb. Busnaueno, wo numome
CHONCUBAHHS eHep2ii YKPAIHCHbKOI0 eKOHOMIKOI € HeGUNPABOAHO SUWYUM NPOMU NOKASHUKIE THULUX
Kpain €eponu ma kpain i3 nepexionow exoHomixkow. Haeconowyemwvcs, wo exoHomiuni empamu
cmaroms 6ce OilbUlL OYeBUOHUMU 6 YMOBAX BUCOKOI 6apmMOCMIi IMNOPMOBAHUX eHep2opecypCis,
HU3bK020 Pi6Hs eHepeemudnoi 6e3nexu, HeKOHKYPEHMOCHPOMONCHOCTI 2aty3ell NPOMUCIO80CMI Ma
BIOUYMHUX eKOJI0CIUHUX 30umKi8. [losedeHo, o HeoOXIOHICMb NiOBUWEHHS eHep2oedheKMUBHOC €
HA2AIbHOK NOMPeOol0 5K 3 eKOHOMIYHOI, max i 3 eKon02iuHoi nosuyitl. B ocHogy memoodonozii
00CIOMHCEHHS NOKNAOCHO NPUHYUN BUGYEHHS MA Y3a2AlbHEeHHs (DaKMUYHO20 Mamepiany 3 npooiem
VOOCKOHANEHHSI CUCTNEM EHePeemUYHO20 MEHEONCMEHMY Ma MEHEeOHCMEHMY AKOCMI, d MAaAKOHC
OoKkymeHmayis yHigepcumemy. J{isi SUKOHAHHS NOCMABNIEHUX 3A80AHb BUKOPUCMAHO Memoou
CUCMEMHO20 MA CMPYKMYPHO2O aHANI3y, Meopii YNpaeninHa, Memoou OiaeHOCMUKU ma
i0enmuchixayii, meopis epaghie, a MaxKoxic Memoou emepeemuyHux Oanaucie. 3anponoHo8aHo
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MexXaHizmM YnpasninHs enepeoephekmusHicmio ma eHepeo3oepexceHuam Ha 6a3i yHiBepCumemcbKoeo
eHep2o-IHHOBayYiliH020 Xaba 3HaHb. JloéedeHo, w0 makull Mexamizm 30amHull noooramu
HENpUUHAMMSA ~ eKOHOMIYHUMU — G2eHmamu  IHHOBAYIUHUX  MEeXHONo2ll  3a2anoM  ma
eHepzcoehekmusHux ~ MexHoNo2il  30Kpema.  3anponomosaHuil  Mexamizm — YAPAGIiHHA
eHepeoeeKmusHicmo ~ ma  enepeo3DepedtceHHAM  Ha 043l  YHIBEPCUMEMCbKO20 — eHep2o-
IHHOBAYIIIHO20 Xaba 3HAHbL BUMASAE BNPOBAONCEHHS CAME eKOHOMIYHUX 3aX00i8, W0 GKII0UAIOMb
Maki ck1aoosi, AK cmumyn (gpaxkmop momuseayii) eHepzozbepexcents, IHOPACMPYKMYypPa DUHKY
eHepzopecypcie ma eHep2oepekmusHux mexHoN02il, oOdcepena ma MexaHismu @QIHaHCY8aAHHA
eHepeoedeKmusHUX NPOEKMIB. Y BUCHOBKAX PE3IOMYEMbCA, WO HA CYYACHOMY emani po3eumky 0
3aK1a0i8 BUWOT 0C8IMU DOYINbHUM 80AUAEMbCS nepexio 6i0 GopMalbHO 3A0eKNapo8aHOi NOITMUKU
eHepeo30epediceHtsi 00 eKOHOMIKU eHep2oedheKmUusHOCmi aK (axkmopa enepeoasmoHOMIi GUULY,
8UOYO008YIOUU HA YIill OCHO8I cmpameito NOEOHAHHA [HOUKAMUBHUX MA PUHKOBUX (DYHKYIU Y
peanizayii enepeoepexmusHux 3axo0is.

Knrouoei cnosa: euepeoinnosayitinuil xab 3HaAHb, eHepeoedexmuenicms, YHigepcumen,
eHep20asmoHOMIS.

Banepus I'. Hlep6ax, Enena M. HudgartoBa
Kueeckuii nayuonanvHvlil ynugepcumen mexuono2uil u ouszaina, Ykpauna
YHOPABJIEHUE SJHEPT'O®PEKTUBHOCTBIO U DHEPI'OCBEPEXKEHUEM
HA BA3E YHUBEPCUTETCKOI'O SHEPTO-MHHOBAIIMOHHOI'O XABA 3HAHUM

Cmamvsa  noceswena  yenecooopasHocmu  OCYujeCmenenus  OaNbHeuuux  HaAy4HblX
UCCIe008aHUll NO BONPOCAM NOBbIUEHUS IHEP2OIPDEKMUBHOCU U NOUCKA COBPEMEHHBIX MeMO0008
VApaeneHuss Helo Ha 0Oase CO30aHUsl YHUBEPCUMENCKO20 9HEP20-UHHOBAYUOHHO20 XAOA 3HAMUIL.
Onpeoeneno, umo yoenvbHoe nompebieHue SHepeUuu YKPAUHCKOU  IKOHOMUKOU  ABNAemcs
HeOnpasoaHHO BbICOKUM NO CPABHEHUI0 ¢ nokasamenamu opyeux cmpau Eeponwvi u cmpan c
nepexooHou skoHomukou. Ommeyaemcs, umo SKOHOMUYECKUe NOomepu CMAHO8AmMcs 6ce 0Oonee
OYEBUOHBIMU 8 YCIIOBUSX BbICOKOU CHOUMOCMU UMNOPMUPYEMBIX IHEP2OPECYPCO8, HUKO20 VPOBHS
9Hepeemuueckoll 6e30NnacHOCmU, HeKOHKYPEeHMOCNOCOOHOCMU Ompaciel NpPOMbIUAEeHHOCU U
owWymumo2o  IKolio2UecKko2o  yujepoa.  Jlokazano, umo  HeoOX00UMOCMb  NOBbIULEHUSL
9HepeoIPhekmueHocmu  AGIAEMCA HACYWHOU HOMPEOHOCMbIO KAK ¢ IKOHOMUYECKOU, maK U
9KoNI02UYeCKOU no3uyul. B ocHogy memooonozcuu ucciedo8anusi nON0NCeH NPUHYUN U3VYeHUs U
0000wenus  akmuyeckoeo  mamepuara no  NpooreMam  YCOBEPUIEHCMBOBAHUS — CUCHEM
IHEP2eMU4eCcKO20 MEHeONCMEHMAa U MEHeONCMeHma Kauyecmea, a makdice OOKYMEeHmMAayusl
VHUgepcumema. J{is GbINOIHEHUs NOCMAGIEHHbIX 3A0aY UCHONb30BAHbL MEemoObl CUCTEMHO20 U
CMPYKMYPHO20 aHANU3A, MeopUul YNpasieHus, Memoovl OUACHOCMUKY U UOeHMUDUKAYUU, Meopusl
epaghos, a makdce Memoowbl SHepeemuyeckux oOanancos. Ilpednodcen mexanusm ynpaeieHus
9Hep203hhexmusHocmoio u 9HepaocbepediceHuem Ha basze VHUBEPCUMEMCKO20
IHEPLOUHHOBAYUOHHO20 Xaba 3HAHUU. JJOKA3aHO, Ymo MAKOU MexaHusm CHnocoOeH npeoooiems
Henpusimue 3KOHOMUYECKUMU A2eHMAMU UHHOBAUUOHHBIX MEXHONO02UN U IHep20dIPhdekmusHbix
mexnono2ull 68 yacmuocmu. IIpeonodicennviti Mexanusm YHpasieHus 3Hepeodh@ekmueHocmvio u
9HepeochepediceHuemM Ha Oase YHUBEPCUMEMCKO20 IHEePLOUHHOBAYUOHHO20 Xaba 3Hauuti mpebyem
BHEOPEHUSL UMEHHO IKOHOMUHECKUX Mep, BKII0UAIOWUX MAaKue cocCmasisiowue, Kak cmumyn (¢pakmop
Momueayuu) snepeocoepexcens, UHGPAcmpyKmypa polHKA SHEP2OPECYPCO8 U IHEP203PheKmubHvix
MEXHON02UU, UCTMOYHUKU U MEXAHU3Mbl (DUHAHCUPOBAHUSL IHEP20dPhekmusHbvix npoexkmos. B
3aKII0UEHUU Pe3IOMUPYEmCsl, 4Mo HA COBPEMEHHOM 3Mane paszeumus Ol VUpedcOeHUli 8blCule2o
00pa3o6anusi YenecooOpasHviM YCMampueaemcs. nepexoo om @OOPMAIbHO 3a0eKIapUupOBaAHHOU
NOMUMUKU ~ IHepeochepediceHus K IKOHOMUKe  dHepeodpgexmuenocmu  kax  gakmopa
IHEP2OABMOHOMUU 8V3d, BLICMPAUEAS. HA DMOU OCHOBE CMPAMEUI0 COYemaHusi UHOUKAMUBHBIX U
PBIHOUHBIX PYHKYULL 8 peanu3ayull SHep20IPheKmuHbIX MeEPOnpUSMULL.
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Knwuesvie cnosa: sHepeounHOBAYUOHHBIU XAO  3HAHUL,  dHEPeOIPPeKmuUeHoCcmyb,
VHU8epcumem, dHepeoasmoHOMUSL.

Introduction. Transformation of the energy sector of Ukraine must be based on a radical
change in approaches to the implementation of energy efficiency policy (I. Gryshchenko,
V. Shcherbak, O. Shevchenko [1]). The existing energy saving potential requires a new professional
assessment, as it can be considered as an additional source of energy supply of the economy (J. di
Stefano [2]). This is especially relevant for Ukraine, given the priority strategic task of integration
into the European economy and community. However, today the energy intensity of Ukrainian GDP
is 2 times higher than the world average. As a consequence this makes Ukrainian economy
unattractive for investments, and products are not competitive, and living standards are low. The
task of improving the overall energy efficiency has to be solved in the context of decentralization. It
should be noted that this is a new path of development for Ukraine and it is impossible to protect
the community from mistakes and challenges on this path in advance. Under these conditions, the
influence of institutional structure on energy factors of economic development is shifting: there is a
need to find new managerial approaches and tools for economic development, instead of the
existing use of energy resources it is necessary to offer an effective mechanism for their
management (V. Kaplun, V. Shcherbak [3]). Reducing the specific consumption of energy
resources should be a key priority for the Government of Ukraine.

Given the significant heritage of foreign and Ukrainian scientists in the field of energy
conservation and energy efficiency, it is necessary to point out the lack of works is practical nature
of the use of energy resources (J. Liu, Q. Yao, Y. Hu [4]). For the implementation of energy
efficiency policy it is necessary to increase significantly the number of practical works on the study
of the use of energy resources by end users. The Ukrainian higher educational institutions should be
studied as structures from the point of view of the received possibilities of management of
economic development and first of all through conditions and possibilities of use of power
resources. This direction of researches will allow to generalize practices of use by the higher
educational institutions of own newest possibilities and to substantiate scientifically directions of
development of power efficiency which are economically and socially justified by power autonomy
(K. Shaposhnikova, V. Shimov [5]). Relevance of the formulated above questions leads to
theoretical and practical importance of research of possibility of energy efficiency and energy
saving management on the basis of university energy-innovation Hub of knowledge at the critical
stage of economic development.

The development of strategies and programs in this area requires a stronger institutional
framework at the national and local levels [6]. Increased cooperation with municipalities and other
local stakeholders will help: identify problems, quantify potential, obtain better data, develop
measures and monitor results [7].

Ukraine can focus on realizing its biomass potential, in particular biogas and energy-
intensive waste resources. More attention should be paid to the effective formation, reporting and
implementation of energy policy measures. Systematization of conceptual approaches to forming
the efficiency of energy resource factors to increase energy autonomy of the university allows to
trace the evolution of the structure and mechanisms of management, to determine promising areas
of management efficiency of energy resource factors (V. Shcherbak, L. Hanushchak-Yefimenko,
O. Nifatova, P. Dudko, N. Savchuk, I. Solonenchuk [8]). Budget sector and service sector consume
about 18% of thermal energy of centralized supply.

Conceptual approach to the formation of energy efficiency and energy conservation
management strategy on the basis of university energy innovation Hub of knowledge through the
introduction of the concept of smart as an element of economic development management in
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modern conditions in practice allows the university to minimize barriers to implement strategies and
develop its own smart-specialties through an innovative push (N. Kuznetsov [9]). The limited
attention of authorities to improving the energy efficiency of public sector buildings (schools,
hospitals, administrative premises) has led to the fact that this category of consumers over the past
decade has used consistently high amounts of heat for their needs (more than 30% of which is lost),
which, in addition, can be qualified as an inefficient use of budgetary funds [10]. In the sphere of
services also mainly use (rent, purchase) buildings of old years of development with a low level of
energy efficiency. And if in case of buying out the owners of such buildings implement certain
measures on saving of thermal energy, in case of renting the technical condition of buildings, as a
rule, is not maintained. Such situation is aggravated by the fact that the service sector is a
dynamically developing sector of economy with constantly increasing share in the GDP structure.
Consequently, in the near future we can expect a significant increase in the used space and a
significant increase in the volume of heat consumption.

The purpose of the study is to propose a methodology for energy efficiency and energy
conservation management on the basis of university energy-innovation knowledge Hub. The study
was conducted in 2021 on the basis of the Kyiv National University of Technologies and Design.

Matherials and methods. In methodological terms, the principle of studying and
summarizing the factual material such as: monographs, textbooks, periodicals, publications on the
improvement of energy management and quality management systems, as well as the
documentation of the university was used.

The main methods of research are methods of system and structural analysis, management
theory, methods of diagnostics and identification, graph theory, methods of energy balances.

Results and discussion. In the near future it is planned to equip all university buildings with
heat meters (metering and control facilities) by introducing appropriate costs in heat supply tariffs
or special budget programs, which will save heat and budget funds significantly. For this purpose it
1S necessary to carry out serious energy saving measures in universities. The important directions at
the first stage will be promotion of energy audit and development of energy passports of buildings,
as well as popularization of careful attitude to FER and stimulation of energy saving.

The most obvious priority energy saving measures will be to increase the thermal protection
of windows and balcony doors, thermal insulation of exterior walls, and insulation of roofs and
basements, which will save up to 30% of heat. Another direction of energy saving will be the wide
implementation of individual heating substations, the advantage of which is, among other things,
the possibility to regulate the air temperature in the premises and the exclusion of the forced
"overheating" in the warm periods. Thanks to the implementation of these measures, heat savings
can reach 10-30%. In addition, on the basis of the university's energy hub we can consider the
feasibility of partial technical rehabilitation of district heating systems in low-density residential
areas by closing low-power boilers with extensive networks and the transfer of social facilities and
budget organizations to autonomous or individual heat supply. Electric heating can be used as an
alternative to district heating.

An important slowing factor in the implementation of energy saving measures for
universities is the limited own funds. Limited use of financial instruments for implementation of
energy efficiency measures in Ukraine is explained by a high level of investment risk, as well as the
practice of reducing the costs of budget organizations in the periods following the implementation
of energy efficiency projects by the amount of annual savings of fuel and energy resources, which
makes it impossible to recover the funds invested in the implementation of energy efficiency
measures and reduces the attractiveness of energy saving services in the public sector. The success
of this area will depend on the ability to attract loans or funds from private investors under public-
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private partnerships. In the future most higher education institutions will actively work in this
direction, adapting the provisions of the legislation on public-private partnership to local conditions.

The main risk factors that may hinder implementation of energy saving measures in the
sphere of heat supply of university buildings include: imperfect tariff policy that does not stimulate
energy saving measures; uncertainty regarding budgetary support of energy saving in the future;
high risks inherent to the budget sphere; low level of local management qualification, insufficient
level of culture of energy resources saving.

University buildings were built mainly before 1990, their traditional architectural and
construction systems (large-panel, large-block, prefabricated reinforced concrete frame, etc.) by
their parameters do not meet modern requirements for energy efficiency, are characterized by low
energy-saving properties, most of them need major repairs. Lack of effective measures to improve
energy efficiency of university buildings led to the fact that this category of consumers used for
their needs stably high volumes of heat energy (more than 30% of which is lost), without creating
comfortable thermal conditions in the buildings. That is, there is a typical example of inefficient use
of budgetary funds for heating of buildings of budgetary / municipal sector [1, 3, 8].

Specific values of consumption of energy resources are the most important target indicators
of effective use of energy for higher education institutions. They are called to provide a connection
of university energy passports with regional and municipal programs in the field of energy saving
and increase of energy efficiency [10].

Consequently, the optimization of thermal energy consumption in university buildings
contains a significant potential to reduce energy consumption and save budgetary funds, which
makes the solution of the problem of improving the energy efficiency of the buildings highly
relevant. Let's consider the initial data for the specified time intervals, for comparison including
here 2018 and 2019 (tab. 1).

Table 1
Levels of electricity consumption in December and November 2018—2020
Period Power consumption level, Number of Average monthly ambient
kW x h inhabitants, pers. temperature, °C
November 2018 719,1 318 6,3
December 2018 866,71 325 -0,2
November 2019 1004,51 347 1,6
December 2019 911,77 311 -2,1
November 2020 1190,13 348 4,6
December 2020 1236,44 348 1,8

This is due to the different length of heating networks, heat losses due to wear of heat pipes,
hydraulic modes of operation of heating networks, the conditions for regulating the parameters of
the coolant. Therefore, for social facilities of the university it is important to conduct energy
surveys to develop programs to rationalize the structure and future development of heat
management, calculation of hydraulic regimes in heating networks and subsequent adjustment of
heating networks, development and implementation of energy saving measures.

The graph of thermal energy consumption, built after processing the data obtained during
the monitoring of measurements of thermal energy consumption for heating of KNUTD buildings,
is shown in Fig. 1. A significant increase in heat consumption is caused by the inclusion of the
ventilation load. The power consumption of electric energy by 5 kW also increases.
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Fig. 1. Schedule of hourly heat consumption

Regulation of heat consumption when the outside air temperature changes is made at the
heat supply source by changing the temperature of supply water. It should be noted that the
temperature at the radiators of heating in the premises of KNUTD buildings surveyed ranged from
30 to 53°C (the temperature in the supply pipeline was 61.4°C), while in some rooms the required
temperature of 18°C was not provided.

Periodically over the years, at the beginning and end of the heating period, the temperature
in some rooms of KNUTD buildings exceeded the values required by sanitary and hygienic
standards. The reason for this phenomenon ("overheating") is a discrepancy between the actual
outdoor temperature and the temperature for heat supply predicted by the heat supplier. In the near
future, all buildings of the university will be equipped with heat meters (metering and regulation
means). This will make it possible to significantly save heat (and, accordingly, budgetary funds) by
introducing appropriate expenses into heat supply tariffs or special programs. But for this purpose
universities will have to carry out serious energy saving measures. Consequently, development of
special energy saving programs, including modernization of heat systems and thermal renovation of
all university buildings will become more and more widespread in university development plans.
All of the above measures will make it possible to obtain significant savings in the fall and spring
period, when overheating is widespread due to the features of centralized quality control of heat
loads at heat supply sources.

Budgetary institutions have the right to conclude energy service contracts, the subject of
which is implementation by the executor of measures aimed at energy saving and improvement of
energy efficiency of energy resources. Energy efficiency measures aimed at reducing the
consumption of fuel and energy resources. The following measures are especially important in the
public sector: installation of individual heating substations with automatic regulation of heat supply;
hydraulic adjustment of heating systems; installation of thermostatic valves on heating radiators;
replacement of mercury lamps and lamps with sodium or LED lamps for street lighting and LED
lamps for indoor lighting; automatic regulation of electric lighting by using sensors of lighting and
motion; installation of a frequency-controlled electric drive in the system of dimmer switches. The
organization must have an energy passport drawn up based on the results of an energy survey of the
facility. In the report of the energy auditor it is necessary to give the recommended measures and
for each measure to indicate the approximate required investments, payback period, etc. First of all,
the head of the organization should pay attention to effective measures with a short payback period,
which are of the greatest interest to the energy service company and the investor. In practice, the
following models of public-private partnership are used:

- entrusting the investor with the implementation of all elements of the project (organization
of financing, design, construction and operation);
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- charging the investor with implementation of all project elements, except for its
participation at the facility exploitation stage;

- the investor to be solely responsible for the operation phase of the facility.

Carried out works on energy audit of pilot buildings of KNUTD have shown that for
effective development of university it is necessary to involve considerable investments. At the
present time at production of capital repairs with long payback periods support from the state is
necessary.

The degree of energy efficiency of an individual building is determined by comparing it
with reference values and is indicated in the energy certificate of the building. Improvement of
energy efficiency of existing buildings is possible through the implementation of the following
measures: modernization with the installation of building automation systems, setting comfortable
heating and cooling temperatures, equipping the ventilation system with heat recovery means,
reducing heat loss on the outer surfaces of the building, replacement of windows. A noticeable
reduction in energy consumption can be achieved by modernizing automation systems in older and
less energy efficient buildings.

Energy saving measures need to implement a control system for electrical appliances,
machinery drives and all automation systems, which is based on the use of the built-in functions of
the equipment in the distribution of electricity (energy accounting, diagnostics, energy quality
indicators, etc.), and devices which allow to see these parameters with the help of web technologies
for subsequent analysis of energy consumption and taking measures to reduce costs and maintain
the optimum level of energy consumption. The control system also provides collection of data on
energy consumption (water, gas, heat) in real time, assessing the status of circuit breakers, the
possibility of remote control of switching devices, consolidation and visualization of information on
large or dispersed objects using local or cloud energy monitoring systems. This creates new
opportunities to compare energy consumption by objects, evaluate energy consumption by types of
loads (lighting, heating, hot water, etc.), compare consumption over identical time periods (days,
weeks, months), predict consumption trends and change tariff plans, avoid the risk of sudden power
outages due to overlapping consumption peaks. The automatic power supply system installed at the
facility creates the necessary conditions for efficient energy saving.

In 2019, KNUTD launched an energy audit and energy passport in order to identify problem
areas and develop measures that help reduce consumption of energy resources. Such measures
include: increasing thermal protection of buildings, structures, facilities during major repairs,
automation of heat consumption by buildings, facilities. organizational and technical measures to
optimize the operation of lighting systems, etc. Measures in the field of energy saving in KNUTD
are necessary, but their carrying out is complicated by absence of objective calculation of a ratio of
the planned reduction of consumption after carrying out the measure to the planned consumption
before the measure, the planned effect at the current tariffs, payback period. There is no logical
chain of sequence of measures, there is no calculation of the cumulative effect of the
implementation of measures aimed at energy conservation.

Thus, the main problems in the way of effective energy efficiency policy of the university
remain:

- non-systematic and disorganized policy, unreasonable and fragmented decisions without
calculation of the result, lack of institutional and managerial coordination;

- lack of motivation to save energy and improve energy efficiency, insufficient awareness
and confidence in the necessity and "safety" of implementing measures in the public sector;

- high cost of implementing measures that make energy efficiency projects economically
unjustified;
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- lack of qualified specialists and institutions for monitoring of energy efficiency issues
(technological, engineering, financial, administrative);

- lack of permanent and assured sources of funding for energy saving and energy efficiency
programs in higher education institutions.

Conclusion. Globally, buildings are responsible for a high level of energy consumption
(40% of the global total), as well as greenhouse gas emissions that far exceed those of all vehicles
combined. There are great and attractive opportunities to reduce the energy consumption of
buildings at a lower cost and a higher return than in other sectors. These reductions are fundamental
to achieving the goal of energy efficiency and energy conservation management through the
university's Energy Innovation Hub of Knowledge. A full solution requires a combination of site-
specific measures coupled with widespread awareness of energy use. The problems of university
heat supply systems include a high level of moral and physical deterioration of equipment of
sources and networks, low efficiency of fuel use, insufficient instrumentation and efficiency of
regulation of heat consumption, high cost of fuel supplies to the region for heat supply of
consumers. The purpose of this study was to improve the energy management and energy efficiency
of KNUTD.

In the course of scientific research work on support of the project on improvement of
management of energy efficiency and energy saving on the basis of university energy-innovation
Knowledge Hub KNUTD (methods of planning, dispatching, control of activity in this area,
including concerning electric and heat supply, water supply and water removal), that is on all stages
of life cycle of the project: planning, realization, check, introduction of changes for continuous
improvement was conducted. The model of management of energy efficiency of the university
should take into account execution of the program of energy efficiency and implementation of state
policy in the region, achievement of integral indicators of energy saving in the field of energy
efficiency. The basic result includes the first development of the Manual on energy management of
KNUTD: policy, structure, the list of processes and their sequence and interaction concerning
system of energy management of the university. Besides, scientific result is also the developed
technique of an estimation of processes of power management, namely measurement of power
efficiency of divisions of higher education institution.

References Jlitepatypa
1. Gryshchenko, 1., Shcherbak, V., Shevchenko, O.|1. Gryshchenko L, Shcherbak V.,
(2017). A procedure for optimization of energy saving | Shevchenko O. A  procedure  for
at higher educational institutions. East.-Eur. J. Enterp. |optimization of energy saving at higher
Technol., 6(3/90): 65-75. educational institutions. East.-Eur. J.
Enterp. Technol. 2017. No. 6 (3/90). P. 65—
75.

2. Di Stefano, J. (2000). Energy efficiency and the
environment: the potential for energy efficient lighting
to save energy and reduce carbon dioxide emissions at
Melbourne University, Australia. Energy, 25(9): 823—
839.

3. Kaplun, V., Shcherbak, V. (2016). Multifactor
analysis of university buildings’ energy efficiency.
Actual Probl. Econ., 12(186): 349-359.

4. Liu, J., Yao, Q., Hu, Y. (2019). Model predictive
control for load frequency of hybrid power system

52

2. Di Stefano J. Energy efficiency and the
environment: the potential for energy
efficient lighting to save energy and reduce
carbon dioxide emissions at Melbourne
University, Australia.  Energy. 2000.
No. 25 (9). P. 823-839.

3. Kaplun V., Shcherbak V. Multifactor
analysis of university buildings’ energy
efficiency. Actual Probl. Econ. 2016.
No. 12 (186). P. 349-359.

4.Liu J., Yao Q., Hu Y. Model predictive
control for load frequency of hybrid power



ISSN 2786-5398
KypHaa cTpaTeriyHuX eKOHOMIYHHX
aocJixkennb, Ne 6, 2021

ITPOBJIEMMU PO3BUTKY
EKOHOMIKH

with wind power and thermal power. Energy, 172:
555-565.

5. Shaposhnikova, K., Shimov, V. (2016). ISO 50001-
Energy = management system. The  concept
implementation of energy management systems. Sci.
Soc., 3-2: 63-68.

6. Vieira, E., dos Santos, B., Zampieri, N., da Costa,
S., de Lima, E. (2020). Application of the Proknow-C
methodology in the search for literature about energy
management audit based on international standards.
In: Thomé, A., Barbastefano, R., Scavarda, L., dos
Reis J., Amorim, M. (eds.). Industrial engineering and
operations management. [JCIEOM 2020. Springer
Proc. Math. Stat., 337: 463—-475.

7. Xing, X., Yan, Y., Zhang, H., Long, Y., Wang, Y.,
Liang, Y. (2019). Optimal design of distributed energy
systems for industrial parks under gas shortage based
on augmented e-constraint method. J. Cleaner Prod.,
218: 782-795.

8. Shcherbak, V., Ganushchak-Yefimenko, L.,
Nifatova, O., Dudko, P., Savchuk, N., Solonenchuk, I.
(2019). Application of international energy efficiency
standards for energy auditing in a University
buildings. Global Journal of Environmental Science
and Management, 5(4): 501-514. doi:
10.22034/GJESM.2019.04.09.

9. Kuznetsov, N. M. (2013). Energy Saving and
Energy Audit. [International J. Applied and
Fundamental Research, No. 2. URL: www.science-
sd.com/455-24108.

10. Pro enerhozberezhennia: Zakon Ukrainy 1818-1X
vid 21.10.2021 [On energy saving: Law of Ukraine
1818-1X of 21.10.2021]. URL: https://zakon.rada.gov.
ua/laws/show/1818-20#n436 [in Ukrainian].

53

system with wind power and thermal
power. Energy. 2019. No. 172. P. 555-565.
5. Shaposhnikova K., Shimov V. ISO

50001-Energy management system. The
concept implementation of  energy
management systems. Sci. Soc. 2016.

No. 3-2. P. 63-68.

6. Vieira E., dos Santos B., Zampieri N., da
Costa S., de Lima E. Application of the
Proknow-C methodology in the search for
literature about energy management audit
based on international standards. In: Thomé
A., Barbastefano R., Scavarda L., dos Reis
J.,  Amorim M. (eds.). Industrial
engineering and operations management.
IJCIEOM 2020. Springer Proc. Math. Stat.
2020. No. 337. P. 463-475.

7. Xing X., Yan Y., Zhang H., Long Y.,
Wang Y., Liang Y. Optimal design of
distributed energy systems for industrial
parks under gas shortage based on
augmented e-constraint method. J. Cleaner
Prod. 2019. No. 218. P. 782-795.

8. Shcherbak V., Ganushchak-Yefimenko
L., Nifatova O., Dudko P., Savchuk N.,
Solonenchuk 1. Application of international
energy efficiency standards for energy
auditing in a University buildings. Global
Journal of Environmental Science and
Management. 2019. No. 5 (4). P. 501-514.
doi: 10.22034/GJESM.2019.04.09.

9. Kuznetsov N. M. Energy Saving and
Energy Audit. International J. Applied and
Fundamental Research. 2013. No. 2. URL:
www.science-sd.com/455-24108.

10. IIpo E€HEepro30epeKEHHS: 3aKoH
VYkpainun 1818-IX Big 21.10.2021. URL:
https://zakon.rada.gov.ua/laws/show/1818-
20#n436.



