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BACKGROUND AND OBJECTIVES.
Energy efficiency and energy saving are the
priority direction of science, technology
and engineering development in Ukraine.
The policy of energy saving, carried out all
over the world, is directed to all branches
and scientific researches in all spheres. The
big consumer of energy resources is the
higher school. Updating of normative-legal
and technical base aimed at design and
operation of buildings with low energy
consumption and high energy efficiency
class shows the necessity of short-term
solution of the problem. At the same time,
there is a lack of a systemic view of energy
efficiency, which does not allow evaluating
the level of energy costs throughout the life
cycle of higher education institutions,
which shows the need to find effective
solutions to the problem.

METHODS. Multiple regression equation
was used to assess the influence of factors
on electricity consumption and energy
efficiency of Kyiv National University of

Technologies and Design, statistical
analysis of the obtained data was
performed.

FINDINGS. As a result it was found out
that the data of electricity consumption do
not obey the law of normal distribution, so
it is difficult to build an accurate prediction

of electricity consumption. The use of HAB
knowledge on energy efficiency allowed a
more qualitative analysis and highlighted
the main factors affecting electricity
consumption.  The  university  has
unregulated central heating, individual air
conditioning systems, and central and
individual lighting. In this regard, we
selected the following main factors: average
outdoor air temperature, average duration
of daylight hours, heating period, average
number of people working per day, during
the month to conduct energy monitoring
and energy audit of university buildings.

CONCLUSION. Implementation  of
suggested scheme of structural organization
of typical system of automatic accounting
of university energy consumption on the
basis of university HUB of energy
efficiency knowledge: server, allowing to
collect, store and process data; routers by
means of wvarious wire and wireless

communication technologies; hubs,
installed on the objects of energy
consumption; workstations, which are

personal computers with installed software
of used HUB will allow to optimize energy
consumption.
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IMOCTAHOBKA MNPOBJEMH TA
3ABJJAHHS.  EneproedexTuBHiCTh  Ta
eHepro30epekeHHs € MPIOPUTETHUM HAIPSIM-
KOM PO3BHUTKY HayKH, TEXHOJIOT1H 1 TEXHIKH B
VYxpaini. [IpoBenena B ychoMy CBiTi HOJITHKA
eHEepro30epeKeHHsT  CcIpsMOBaHa Ha  BCl
rajry3i i HayKOBi JIOCIIJDKEHHS B yCix cdepax.
3HAYHUM CIIOKMBAaYeM EHEPropecypciB €
3aKJIaM BUINOI OCBITH. AKTyaii3allis Hopma-
TUBHO-TIPABOBOI Ta TeXHIYHOi 0a3u, crpsmMo-
BaHMX Ha TMPOEKTYBaHHSA 1 EKCIUTyaTaIiio
OyZaiBenb 3 HU3BKUM DPIBHEM EHEPIrOCHOXKH-
BaHHS 1 BUCOKHM KJIACOM €HEepProe(eKTHBHOC-
Ti CBIIYUTH MPO HEOOXIAHICTH KOPOTKOCTPO-
KOBOTO BHpilIeHHs npodnemu. I[lpu 1mpomy
Ma€ Miclie BIJICYTHICTb CHUCTEMHOTO HOTJISATY
Ha €Heproe(eKTUBHICTb, 110 HE JO03BOJIE
OLIIHUTH pIBEHb BUTpPAT E€HEPropecypciB Ha
BCBOMY TIPOTSI3i JKUTTEBOTO IHKITY 3aKJIaJiB
BUIIOT OCBITH, WO MOKa3ye HEOOXIJHICTb
NOMYKy e(EeKTUBHUX IUIAXIB BUPILIEHHS
poOIIeMH.

METOJU. [Ins ominku BIUIMBY (aKTOpiB HA
€JIEKTPOCIIOKUBAHHS Ta €HEeProe()eKTUBHOCTI
KuiBcbkoro HalioHaJIbHOTO YHIBEPCUTETY
TEXHOJIOTIM Ta au3aiiHy OyJI0 BHKOPHCTaHO
METOJT MHOXHHHOi perpecii, MpoBeIeHUI
CTaTUCTUYHUM aHaJli3 OTPUMAHUX JaHHX.
PE3YJIBTATHU. B pesynprati Bramgocs
3'acyBaTH, IO JaHI €JIEKTPOCIOKUBAHHS HE

T TKOPSTFOTHCSI 3aKOHY HOPMAJTBHOTO
po3moalury, TOMy TOOyAyBaTh TOYHUH
MIPOTHO3 €JIEKTPOCTIOKMBAHHS BaXKO.

Buxopucranas XAb 3Hanb 3 eHeproedek-

! Kuiscokuii nayionanvnuil ynieepcumem mexnono2it ma
ouzauny, Ykpaina

TUBHOCTI  JIO3BOJIJIO  MPOBECTH  OLIBII
SIKICHUW aHaJTi3 1 BUAUTMTH OCHOBHI (hakTOpH,
IO BIUIMBAIOTh HAa EJIEKTPOCIOKUBAHHS.
VHIBEpCUTET Ma€ HEperyiboBaHe LEHT-
paJIbHE OMaJEeHHS, CUCTEMH 1HAUBIAYaIbHOIO
KOH/IMI[IOHYBAHHS, a TAaKOX LEHTPAJIILHOTO Ta
IHAWBIAYAIBHOTO OCBITJICHHS. Y 3BSI3KY 3
UM I TPOBEJIEHHS  €HEePreTHYHOIro
MOHITOPUHTY 1 eHeproayautry OymiBenb
yHiBepcuTeTy Oyja0 OO0paHO Taki OCHOBHI
(dakTopu: cepemHs TeMIiepaTypa IMOBITPS Ha
BYJIUIII, CEpEAHs] TPUBAIICTh CBITIIOBOTO JIHS,
ONAJIIOBAJIbHUN TEpioj, CEepeAHs] KUIbKICTh
oci0, sKI MpallolTh B JI€Hb, NPOTATOM
MICSALS.

BUCHOBKMU. BnpoBamkxeHHs 3alporoHO-
BaHOI CXEMH CTPYKTYpHOI  Oprasizamii
TUIIOBOI CHUCTEMH AaBTOMATUYHOIO OOJIKY
€HEeprocloKUBaHHS YHIBEpCUTETYy Ha 0asi
yHiBepcutercbkoro XAbB 3HaHb 3 eHep-
roeeKTUBHOCTI: CepBepy, W0 J03BOJISE
30upaty, 30epirati i oOpoOIATH AaHi; Mapul-
pyTH3aTOpHU 3a JIONOMOTOI0 PI3HUX MPOBiA-
HUX 1 0E3APOTOBUX TEXHOJOTIH 3B'A3KY; KOH-
[IEHTPaTOpH, BCTAaHOBJIEHI Ha  00'ekTax
€HEeprocroXXUBaHHsg, pobodi cTaHIli, sKi
SBIISTIOTH COOOI0 TEPCOHATBHI KOMITIOTEPH 3
BCTaHOBJICHUM IPOrPAaMHHUM 3a0€3MeYEeHHSIM
BUKOPHUCTOBYBaHOTO XADB 103BOJINTH ONTH-
MI3yBaTH EHEPrOCIOXHUBAHHS 1 MiABUIIUTU
eHeproe(eKTUBHICTh YHIBEPCUTETY.
KJIFOUOBI CJIOBA: XAB 3HaHb 3 eHepro-
e(EeKTHUBHOCTI; YHIBEPCHUTET; EHEepPrOCIHOXKH-
BaHHS; CHEPrOay IUT.
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INTRODUCTION.

One of the priority directions of development of Kyiv National University
of Technologies and Design (KNUTD) is to reduce energy intensity and
optimize the use of energy resources. Therefore, the issue of improving energy
efficiency and energy conservation of the university is quite relevant at the
moment, and energy management is the financial tool that will allow the
university to save money through a competent policy of energy resources use
((Shaposhnikova et al., 2016; Vieira et al., 2020).

Achieving real improvements in energy efficiency must be based not only
on technical solutions, but first and foremost on perfect management (Garcia et
al., 2020; Nayak et al., 2021). The process of creating an energy management
system in UkKrainian universities, despite its relevance has not been properly
developed (Werth et al., 2021; Di Stefano, 2000; Xing et al., 2019). The unified
technical policy on all issues of operation, maintenance and repair of power
equipment of the university is carried out by the department of the chief power
engineer (Abu-Rayash et al., 2020; Wang et al., 2021). This department ensures
and is responsible for the uninterrupted and reliable energy supply to all
university departments (Liu et al., 2019).

Energy management functions related to the optimization of equipment
operation modes in order to improve energy efficiency and minimize energy
costs are generally not properly performed in practice (Zhong et al., 2020;
Shcherbak et al., 2019; Shcherbak et al., 2021). Creation and implementation of
decent energy management service within the university will certainly give
additional impetus to the process of energy efficiency improvement within Kyiv
National University of Technologies and Design (Gryshchenko et al., 2017).

The Energy Management Service should be a permanent university body
for effective management of energy use and control over the implementation of
energy-saving projects and programs. Its creation will allow to concentrate in
one place all managerial functions directed on energy saving and increase of
energy efficiency. In the structure of the university, this service should report to
the top management — the Representative of the Management for Energy
Management (Hanushchak-Yefimenko et al., 2018). This would give it the
status of a cross-functional, rather than a highly specialized unit with horizontal
and vertical links with other units. One of the options for creating such a unit is
to organize the energy management system on the basis of the university
Knowledge Hub.

The purpose of this article is to substantiate the necessity and expediency
of the organization of energy management system on the basis of university hub
of knowledge. The research was conducted on the basis of Kyiv National
University of Technologies and Design in 2020.
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MATHERIALS AND METHODS.

To assess the impact of each factor on electricity consumption and energy
efficiency it is necessary to use a multiple regression equation. The linear
equation of multiple regression has the following form (1):

Y = fo+ Xy + foXo + .+ fnXi + g, (1)

where £, — free term;
Pn — values of coefficients of influence of each specific factor on the
final result;
Xn — quantitative value of the factor.

RESULTS AND DISCUSSION

The main functions of the energy management service of the university on
the basis of the university Knowledge Hub:

- providing extended and continuous control over energy consumption and
efficiency of fuel and energy resources use;

- formation of technical, economic and personnel policy of rational energy
consumption;

- developing annual plans to implement the energy saving program;

- organization of targeted energy monitoring and assessment of the actual
economic effect from implementing energy-saving projects and measures;

- coordination of activities to develop and implement energy-saving
measures;

- forming proposals to the university's investment program;

- organization of information exchange, training and cooperation in the
field of efficient energy use;

- analysis and coordination of the university energy technological services
in terms of reducing irrational energy consumption;

- development of terms of reference for pre-project work on energy saving
projects;

- development of technical specifications for investment projects on
modernization or design of new energy saving equipment and technologies,
organization of work on holding tenders by potential contractors;

- technical support of the energy saving projects being implemented;

- preparation and approval within the university of the technical part of
agreements and contracts for the purchase of energy saving technologies,
equipment and materials;

- collection, analysis and systematization of information about new energy
saving technologies and equipment used in related organizations;

- organization of work to increase the level of information support of the
university's energy consumption.
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Let's consider a simplified scheme of structural organization of a typical
system of automatic energy consumption accounting. The basis of system is the
server, allowing to collect, store and process the data. To this server hubs are
connected through routers by means of different wired and wireless
communication technologies, installed at objects and uniting data collectors into
groups. Also connected to the server are workstations, which are personal
computers with installed software from the university's Energy Efficiency
Knowledge Hub. In universities that use only one workstation, the same station
can be the server (Figure 1).

/ Workstation
University Energy Efficiency .

Knowledge Hub Server \ Workstation
| Workstation

GSM/GPRS

PLC/Ethernet

router
Concentrator Concentrator Concentrator
Accounting | | Accounting Accou_nting Accounting Accounting
device device device device device

Source: Kaplun et al., 2016.
Fig. 1. Simplified diagram of the structural organization
of the university Knowledge Hub

Most of the existing automatic energy accounting systems are organized
according to the given structure (Zhong et al., 2020). The main tasks of the
university energy management service on the basis of the university Knowledge
Hub should include:

- Assessment of the results of departments and divisions on rational energy
consumption and energy conservation based on the analysis of the actual
consumption of fuel and energy resources.

- Development, expertise, timing of implementation and control of energy
saving projects aimed at solving current and strategic tasks of energy saving.

- Develop methods to assess the actual efficiency of the implemented
energy saving measures.

- Develop, coordinate and implement mechanisms to stimulate efficiency
of fuel and energy resources use.
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- To control the implementation of the program of rational energy
consumption and energy saving.

- Implementation of targeted energy monitoring.

The number of staff in the university's energy efficiency hub will depend
on the volume of energy costs, the number and characteristics of university
facilities, and their current level of energy efficiency. In any case, the specialists
of these units should not combine the functions of energy managers with other
job responsibilities. We suggest including several energy managers and energy
auditors in this service.

Energy manager — a specialist whose activity is aimed at ensuring the
implementation of the energy policy of the university. Organization of activities
aimed at the continuity of energy management, ensuring communication
functions between all objects of energy management, planning and control of
activities aimed at the maximum efficiency of energy management (Kaplun et
al., 2016).

Energy auditor — a specialist in conducting energy audits of consumers of
fuel and energy resources in order to establish indicators of efficiency of fuel
and energy resources use and to develop economically sound measures to reduce
the consumption of fuel and energy resources (Kaplun et al., 2016).

Within the university Energy Efficiency Hub of Knowledge, the main
requirements for an energy manager should be:

- the presence of higher professional education;

- knowledge of the methodology of energy management evaluation and
training of employees in this area;

- knowledge of the methodology for rewarding university employees who
save energy;

- ability to analyze energy flows in detail;

- ability to communicate with the administration and all staff;

- ability to conduct economic analysis of energy saving measures;

- the ability to develop energy-saving measures;

- know the basic technologies of the given organization;

- the ability to work with new information technologies.

The functions of the university energy manager will include:

- organizing the work of the energy management service;

- supervise the energy audit;

- conducting an analysis of energy consumption, taking into account the
evaluation of energy saving measures;

- preparation of proposals for the improvement of the production process,
equipment, maintenance and operation of the equipment;

- determination of energy consumers' efficiency;

- control over investments in energy saving measures.
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Requirements to the energy auditor of the university:

- availability of higher profile education;

- basic knowledge of energy management;

- knowledge of standards for conducting audits;

- knowledge of safety requirements when carrying out energy audits;

- have the ability to analyze data on energy consumption;

- ability to analyze energy flows in detail,

- have practical auditing skills;

- be able to develop energy-saving measures;

- have an idea of the main technologies of the organization;

- be able to work with new information technologies.

Functions of the energy auditor of the university:

- conducting an energy survey of the university;

- to audit the energy management system;

- preparation of university energy passport;

- analysis of carrying out corrective and preventive actions;

- instrumental inspection of energy supply systems;

- calculation of standard indicators of consumption of each type of fuel and
energy resources;

- development of effective measures to implement the identified energy
saving potential;

- development of proposals for the organization of energy management
system at the university.

In addition, all those university employees who will be involved in the
organization of energy consumption and related to the operation of energy
facilities must be aware in advance:

-of the need to comply with the energy policies, procedures, and
requirements of the energy management system;

- of their roles, responsibilities, and authority to facilitate compliance with
the requirements of the energy management system, and the benefits of energy
efficiency improvements;

- any significant energy consumption arising in the performance of work,
and any consequences of the actions performed.

One of the main moments of energy management system organization in
Kyiv National University of Technologies and Design is the formation of energy
policy. Energy policy is an official written declaration of interest in rational
spending and saving of fuel and energy resources, environmental protection
accompanied by a list of stated goals, action plan for their achievement,
provision with necessary resources and clear distribution of delegated rights,
duties and responsibilities. The mandatory existence of an energy policy in the
university is not always realized by the top management and its staff. There is
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usually shared responsibility and accountability for the expenditure of fuel and
energy resources and energy supplies. Until responsibility and interest are
formalized at the formal level, there is a danger of ignoring energy policy,
shifting priorities with a loss of ongoing control over energy use and
rationalization.

The university energy policy should:

- define the main objectives in the field of energy use and available at the
boundary of the application of energy management system;

- include requirements for energy efficiency and energy saving;

- include obligations for legal and informational support for effective
energy use;

- provide an opportunity to make adjustments and revise tasks.

The primary role in the implementation of effective energy management in
the university should be given to the management. Its task is to formulate and
adopt energy policy of Kyiv National University of Technologies and Design
and maintain energy management system in working and self-improving state.

Thus, the direct responsibilities of the University management in ensuring
the operability of the University Energy Efficiency Knowledge Hub can include:

- the activities of developing and implementing energy management system
documents;

- enforcement of university standards and regulations that are part of the
energy management system;

- appointment of a responsible and authorized management representative
in the energy management system. Periodic reporting by this person on the
effectiveness of energy management and energy efficiency in the university;

- planning of measures and operational management of the energy
management system;

- allocation of responsibilities and delegation of management authority.

Equation of four-factor regression was obtained: based on eq. (1)

=-1341024,8002 + 110,5904X; + 3538,9134X; —
— 2518,0955X; — 8304,8214X,.

To assess the quality of the resulting equation, we make calculations for
each month of energy consumption KNUTD, calculate the standard deviation.
The calculation results are presented in Table 1.

Table 1
Results of calculations of the energy efficiency of KNUTD
Electricity Estimated electricity Deviation, TR
Month consumption, kWh consumption, kWh kWh Rejection, %
January 186808 189483,69 2829,69 1,46
February 160339 168838,34 8499,24 4,68
March 141634 138348,22 4286,88 3,02
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End Table 1
Electricit Estimated electricit Deviation, .
Month consumption,ykWh consumption, kWhy kWh Rejection, %
April 98240 98200,84 49,14 0,04
May 46984 49948,94 2983,94 4,21
June 34941 33419,82 2421,18 6,83
July 22192 22482,19 390,19 1,86
August 43904 39211,83 4682,16 8,89
September 48684 61424,31 2840,31 4,84
October 122034 123444,43 1419,44 1,24
November 183193 168984,64 4218,34 3,01
December 211063 201866,60 9296,39 4,40

The calculations confirm the feasibility of organizing the university's
Energy Efficiency Knowledge Hub.

CONCLUSION.

Timely provision and organization of high-quality energy management
system of the university on the basis of the Energy Efficiency Hub will allow
Kyiv National University of Technologies and Design to: reduce costs, eliminate
unproductive costs, improve financial performance and gain a reputation as an
organization successful in improving its energy efficiency.
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