ISSN 2415-3206
MANAGEMENT

Journal
Issue 1 (33), 2021

JEL Classification:
H12; 123; M15;
013; Q43

USING THE ENERGY EFFICIENCY HUB IN
THE UNIVERSITY ENERGY MANAGEMENT
SYSTEM IN THE CONTEXT OF PREVENTING

A NEW OUTBREAK OF THE COVID-19

UDC 330.34:[338.465:
332.87]:519.863(043.3)

PANDEMIC

Ivan GRYSHCHENKO!

DOI: 10.30857/2415-
3206.2021.1.1

BACKGROUND AND OBJECTIVES.
The problem addressed by the project is
the need to develop a new approach to
energy saving and energy efficiency
management in  higher  education
institutions (HEI), whose main
components are energy management,
energy audit, energy certification,
monitoring based on the reasonable use of
international standards 1SO 50001: 2011,
which allows reducing or completely
eliminating the Dbarriers to energy
efficiency measures related to lack of
awareness of energy saving potential.
METHODS. The international protocol
of  efficiency measurement and
verification is proposed to be used as a
basis for methodological support of
energy efficiency analysis and control in
the automated information system of
energy efficiency analysis. The method of
rationing of heat energy consumption,
which takes into account the required
level of statistical significance of energy
resources saving when carrying out
energy saving measures, was used to
control the energy efficiency of HUB use
of knowledge on energy efficiency. The
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University of Technologies and

methodological support of the subsystem
of analysis of energy efficiency of heat
energy  resources  consumption s
considered.

FINDINGS. A three-part system for
improving the energy efficiency of a
university based on the HUB of energy
efficiency knowledge is proposed: an
automated dispatch management system;
an automated information system for
energy efficiency analysis and a corporate
management system for the heat and
power complex.

CONCLUSION. Compliance with the
consumption rate calculated using the
proposed method during the whole study
period (second half of 2019 — beginning
of 2021) allows to obtain a statistically
significant value of thermal energy
savings, which will significantly reduce
the energy costs of the university in the
COVID-19 pandemic crisis. An example
of the use of the proposed energy
efficiency knowledge HUB for building 4
of the Kyiv National University of
Technologies and Design is presented.
KEYWORDS: Energy Efficiency
Knowledge HUB; COVID-19; University.
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IMNOCTAHOBKA TIIPOBJIEMHU TA
3ABJIAHHSA. IlpoGnema, Ha BUpIIICHHS
AKOI CHpPSMOBAHO TMPOEKT, TOJSITae B
HEOOXIHOCTI PO3POOKH 1HTETPATHBHOTO
MiIXO0AYy WIOAO YIpPAaBIIHHS e€Heprosoepe-
JKEHHSIM Ta €HEepProe(EeKTUBHICTIO 3aKJIaiB
Buioi ocBitd (3BO), ocHOBHUMHM CKJIa0-
BUMHU SIKOTO € EHEPrOMEHEKMEHT, EHEPTro-
aynuT, eHeproceptudikaiiisi, MOHITOPUHT
Ha OCHOBI OOIPYHTOBAaHOTO BHKOPHCTaHHS
MibxHapoaaux crangaptis [SO 50001:2011,
10 TO3BOJISIE 3HU3UTHU a00 MMOBHICTIO JIKBIi-
JyBaTH CTPUMYIOUi Oap'epu BIPOBAKECHHS
eHeproe()eKTUBHUX 3aXO0/IiB, SIKI BiTHOCSATH-
sl 10 HEIOCTAaTHBOI OTH(POPMOBAHOCTI PO
IOTEHI[IAJI EKOHOMII; HEeIOCTaTHbOI abo
¢parmenTapHoi 1HpopMallii Mpo eHepro-
e(EeKTUBHICTb, €HEProe(heKTUBHOI I'pPaMOT-
HOCTI CepeJ] CTYJIEHTIB 1 HayKOBO-IIE€Jaro-
TIYHOTO TEPCOHANy, BiJICYTHOCTI IHTEpaK-
TUBHOI CHUCTEMH TIOKa3HUKIB €Heproedex-
TUBHOCTI; HEJOCTaTHHOI yBaru 1O THUTAaHb
eHeproeexTuBHOCTI icHyrounx B 3BO
CHCTEM Ta MPOIIECIB.

METO/IU. B sikocTi OCHOBU METOJIUYHOTO
3a0e3reyeHHsl  aHajmizy 1  KOHTPOIIIO
eHEepProe()eKTUBHOCTI B aBTOMATHU30BaHIN
iHpOpMaLliiiHIi CHCTEM] aHali3y eHepro-
e(EeKTUBHOCTI TPOMOHYETHCSI BUKOPUCTO-
ByBaTH MDKHApOJHUN MPOTOKOJ BHMIpIO-
BaHHS Ta Bepudikamii epextuBHOCTI. s
KOHTPOJIIO  CHEProe(eKTHUBHOCTI  BHKO-
puctanHsi XADB 3HaHp 3 eHeproedekTus-
HOCTI BUKOPUCTaHMM METOJI HOPMYBaHHS

! Kuiscokuii nayionanvuuii ynisepcumem mexmono2itl
ma ouzauny, Kuis, Ykpaina

CHOXKMBAHHS  TEIJIOBOI  €Heprii, 10
BpPaxoBYy€ HEOOX1THHUI PIBEHb CTATUCTUYHOT
3HAYYMIOCTI €KOHOMIii €HepropecypciB mpH
MPOBEJICHH] E€HEepPro30epirarunx 3axoiB.
Pospobiieno  meTonmuHe — 3abe3medeHHS
MIJICUCTEMH aHaJi3y eHeproeeKTUBHOCTI
CHOKMBaHHS TEIUIOEHEPreTUYHUX pecyp-
CiB.

PE3YJIbTATMN. 3anponoHoBaHO CUCTEMY
MIJBUILEHHS eHeperoePeKTIBHOCTI YHi-
Bepcutery Ha 0a3i XADbB 3HaHp 3 eHep-
roeeKTUBHOCTI 3 TPHOX YACTHH: aBTO-
MaTH30BaHA CHUCTeMa JHCIETYEPCHKOTO
VIOpaBIiHHS;, aBTOMAaTH30BaHa iHQoOpMa-
HilHa cucTeMa aHajizy eHeproedeKkTHus-
HOCTI Ta KOPIIOpPAaTMBHAa CHCTEMa YIIPaB-
JIHHS TEIIOEHEPTeTUYHUM KOMIUJIEKCOM.
BUCHOBKM. JloTpuMaHHA HOpPMH CIO-
JKUBaHHS, PO3PAaXOBaHOI 3 BUKOPUCTAHHIM
3alpOIIOHOBAHOTO  METONY,  MPOTATOM
YChOTO JTOCIIIKYBAaHOTO Tiepioxy (mpyra
nonoBuHa 2019 — nmouatok 2021) no3Bosisie
OTPUMATH CTATUCTUYHO 3HAYYIYy BEIININHY
€KOHOMIi TeIJIOBOi EHeprii, MO 1CTOTHO
3HU3UTHh BUTPATH Ha €HEPTiI0 YHIBEPCUTETY
B ymoBax Kkpusu mnannemii COVID-19.
IIpencraBneHuil MNpuUKIAL BUKOPUCTAHHS
3anponoHoBaHoro XADB 3HaHb 3 eHepro-
epexTUBHOCTI ans  OyxiBmi 4 xopmycy
KuiBChKOTO HAIlIOHAIEHOTO YHIBEPCHUTETY
TEXHOJIOTI! Ta TU3aliHy.

KJIIOYOBI CJIOBA: XADB 3HaHb 3 eHep-
roedpextuBHocTi; COVID-19; yHiBepcurer.
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INTRODUCTION.

Energy saving is a pressing issue for the development of the Ukrainian
economy. The problem of efficient use of energy resources is particularly acute
in higher education. First of all, it is connected with moral and technological
obsolescence of fixed assets of higher education, which are currently worn out
by 60-70%. At the same time, a large share of depreciation of fixed assets is
represented by buildings and structures, drainage, water and heat supply
systems.

In the context of the COVID-19 pandemic, some universities are now
introducing energy generation systems operating in certain buildings
(miniboilers, cogeneration units) (Garcia et al., 2020), and the installation of
individual heating substations is a requirement for new buildings and
modernisation of already constructed ones (Nayak et al., 2021). The use of local
control systems for energy generation and consumption together with automated
monitoring and control systems increases the flexibility of energy supply
management and not only saves energy, but also improves the quality of energy
supply (Nicola et al., 2020).

University building heating systems are an example of this approach in the
COVID-19 pandemic (Werth et al., 2021). As most domestic and foreign
universities in the COVID-19 pandemic are focusing on energy conservation,
various advanced energy conservation technologies are being introduced and
tested as part of their research activities (Di Stefano et al., 2000). Therefore,
university building heating systems can use several different types of energy
generation and consumption units, operating in different modes and providing
electricity and heat to buildings of different purposes (Xing et al., 2019).

However, in a COVID-19 pandemic, the presence of a large number of
different types of heat sources and consumers in heating systems significantly
complicates the analysis of the efficiency of both the heating system as a whole
and its individual elements (Abu-Rayash et al., 2020; Wang et al., 2021). At the
same time, under the conditions of the COVID-19 pandemic, the application of
automated control and management systems allows processing a large amount of
statistical information, which makes it especially relevant to develop the
application of modelling, forecasting and rationing methods in the tasks of
energy efficiency analysis of complex heterogeneous heat supply systems within
the framework of university energy management (Liu et al., 2019; Zhong et al.,
2020).

The aim of the study is to propose a mechanism for using Hub knowledge
on energy efficiency in a university's energy management system in the context
of preventing a new outbreak of the COVID-19 pandemic. The study was
conducted in 2020 based on data from the Kyiv National University of
Technologies and Design (KNUTD).
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MATHERIALS AND METHODS.

Energy saving technologies are being introduced in various energy
efficiency programmes. An international efficiency measurement and
verification protocol has been developed to evaluate the savings from energy
saving measures. According to this protocol, the energy savings Es after energy
saving measures are calculated as the difference between the consumption Ey, in
the base period, calculated under comparable reporting period conditions, and
the actual consumption in the reporting period E,, (equation 1):

Es=Epp — Erp. (1)

In doing so, a baseline period energy consumption model must be used to
calculate energy consumption under comparable conditions, depending on the
factors affecting the energy consumption of the system. In particular, to
calculate savings in heating systems, the protocol gives an example in which a
linear regression on the outdoor temperature is used to construct a base period
consumption model. According to the acceptable uncertainty principle of this
protocol (Zhong et al., 2020): savings are considered statistically significant if
they are larger than the statistical variation of the base period model. Since the
standard error of the protocol is used as a measure of variation, savings are
assumed to be twice the standard error of the base period model.

In this case, if the calculated consumption of Ep, from the base period model
is the sum of several independently determined consumption values Ej,,, then the

total standard deviation of estimated consumption Eyy, is the geometric sum of the
standard deviations of several independently determined values Ej,,, (eg. 2):

RMSE;, = JZ;’il RMSEy,, (2)
where N is the number of independently determined consumption values.

Given that each value calculated from a linear regression model is an
independent value, then if the regression was constructed, for example, to
determine daily consumption in the reference period, the total standard deviation
of the definition of total consumption under comparable conditions for N days in
the reference period will also be calculated according to equation (3):

RMSE,, = RMSE,, N, 3)

where RMSE,,, is the standard deviation of the determination of daily
energy consumption obtained according to the linear regression model built.
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In accordance with the principle of acceptable uncertainty, the total savings
E, obtained for N days of the reporting period will be considered statistically
reliable if the following condition (eq. 4) is fulfilled

i, E;, > 2RMSE,,, N, (4)

where E_ is the energy savings on the i-th day of the reporting period.

The above inequality (4) implies a new formulation of the rationing
problem, related to ensuring the implementation of the principle of acceptable
uncertainty at the end of the reporting period. For the problem of operational
daily rationing, we reformulate the principle of acceptable uncertainty as
follows: the savings will be considered statistically reliable at the end of the
reporting period of N days if the savings on each day of the reporting period E,

is twice the root mean square error RMSE},,, of the daily energy consumption,
divided by the square root of N (eg. 5):

E,. > 2RMSE,, +N. 5)

Thus, compliance with expression (5) for each day of the accounting period
is a sufficient condition for the resulting savings to be statistically significant at
the end of the accounting period.

RESULTS AND DISCUSSION.

The general scheme of automated energy management of university energy
complexes based on the Energy Efficiency Knowledge Hub (the result of the
calculations of Equations 1 to 5) is presented in Figure 1.

The basis for the proposed automated energy management system is the
ISO 50001 Energy Management Systems standard (Vieira et al., 2020;
Shaposhnikova et al., 2016).

According to the above scheme, the automated system of automated energy
management of university energy complexes based on the Energy Efficiency
Knowledge Hub should include 3 subsystems:

1. Automated system of dispatch control of fuel and energy complex. The
main functions of the subsystem are operational control, analysis and
management of generation and consumption of energy resources (Gryshchenko
etal., 2017).

2. Automated information system for energy efficiency analysis of the fuel
and energy complex (AIS for energy efficiency analysis of the fuel and energy
complex). The main functions of the subsystem are modelling, energy efficiency
analysis, rationing and optimal management of energy generation and
consumption. Modelling makes it possible to calculate different modes of fuel
and energy complex operation as well as to optimise these modes according to
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the criteria of minimum energy consumption. Based on the simulation results,
calculation of corrective impacts for the operational management system is
carried out. Using the results of simulation, as well as operational and design
data to control the selected modes of operation, the daily heat consumption rates
are calculated. Based on operational results, energy savings are calculated for
the power complex as a whole and for consumers connected to it.

Towards continuous
Improvement | KNUTD energy policy

Correcting

> Energy planning and analysis of energy production and consumption
Heat production, Electricity Water and Natural gas
transportation, distribution | distribution and wastewater systems, |consumption
and consumption system, | consumption limits system, limits
limits system, limits

Adaptation of life support systems and operations by facility
v

Monitoring, measurement, analysis hourly, daily, monthly, quarterly, yearly. Internal audit
of energy management systems

Desk work with energy consumption systems, limit-fact

+

List of measures (preventive actions) in case of exceeding the limit

v

Management analysis

Source: suggested by the author.
Fig. 1. Block diagram of the energy management system of KNUTD

3. Corporate Information System for Fuel and Energy Complex (CISFEC).
The main function of this subsystem is to support decision making of the
manager or energy management group in energy planning, energy policy
development and implementation. The CISFEC analyses the results of the
university's energy management activities on the basis of internal energy audits,
adjusts the university's energy policy and plans energy efficiency measures.

An automated system, the main objective of which is to improve energy
efficiency, should use objective methods for evaluating and monitoring energy
consumption. Therefore, it is proposed to use the International Performance
Measurement and Verification Protocol (IPMVP) (Kaplun et al., 2016), which
describes the methodology for assessing the effectiveness of energy saving
measures, as a methodological and regulatory support for this automated system.
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However, it is worth noting that the methodology described in the protocol
can be used not only to assess the energy efficiency of energy complexes, but
also to monitor energy efficiency during operation. At the same time, the
purpose of such control should be the detection of inefficient modes of operation
that prevent the achievement of the required level of energy savings.

A system of energy management has been developed for each energy
resource (heat, electricity, natural gas, wastewater and water consumption). For
this purpose, four working groups should be established: production planning
and analysis, development and adjustment, implementation and operation,
monitoring and measurement — these systems should be fine-tuned and aimed at
optimal use of the resources consumed.

The energy policy developed by the university should ensure the main
activities of the university — academic, research and production, social,
maintenance of the sanitary condition of the university territory, creation of
comfortable conditions for the teaching staff and students.

In implementing it, we must first of all increase energy productivity — to
increase energy efficiency through more efficient use of the energy consumed,
to reduce energy consumption in general. In doing so, it is also necessary to
reduce emissions and other environmental impacts (Kaplun et al., 2016). In
addition, with the energy resources saved, the university will put in place new
energy-consuming facilities.

Once the system was commissioned, the energy efficiency of the
university's thermal energy facilities was assessed and monitored (Shcherbak et
al., 2019). As an example of energy efficiency analysis and monitoring, consider
monitoring the effectiveness of the implementation of an automated energy
efficiency knowledge HAB at KNUTD (Kaplun et al., 2016; Shcherbak et al.,
2021).

Heat energy consumption, Gceal
Outside air temperature, °C

01.03.19 13.03.19 30.03.19 110419 131020 011120

emms Modsl

Reporting period

=« = MNodzl (zverags) ==~ Raporting period (averags)

—E::«:.a::._‘.n..:mpxilﬂnra[e weseene Outdoos temparatuss Outdoor tempsratuss (zverzgs)
Source: constructed by the author.
Fig. 2. Savings in thermal energy consumption of building 4 of KNUTD
after implementation of the automated energy efficiency knowledge HUB
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Figure 2 shows a graph of heat consumption before and after energy saving
measures based on the automated energy efficiency knowledge HUB. A
statistical model (dashed line) of heat consumption as a function of outdoor
temperature was built using the operational data of the base period (double solid
line). After implementation of energy saving measures using the statistical
model, consumption in the reporting period under comparable temperature
conditions was calculated. The thick solid line indicates the effective heat
consumption rate calculated according to the above method, exceeding which
may lead to no savings or its low statistical significance in the reporting period.
During system operation during the COVID-19 pandemic period (second half of
2019-2020), the inefficient consumption mode was promptly identified and its
causes were eliminated. At the beginning of 2021, when comparing the norm of
efficient heat consumption with the actual consumption (thin solid line), the
minimum savings was 25%.

CONCLUSION.

The paper proposes the structure of an automated energy management
system for a thermal power complex based on the KNUTD energy efficiency
knowledge HUB. The described structure includes three interacting with each
other subsystems. Each subsystem can be implemented separately at different
management levels in the university. The automated system of dispatching
management on the basis of HUB knowledge allows the service of operation to
operatively manage the objects of the heat and power complex. The corporate
information system of the fuel and energy complex, through which energy
planning is carried out, is recommended to be implemented as part of the
corporate management system of the organisation. At the same time, an
automated information system for energy efficiency analysis of the university is
proposed as a link between these subsystems, which allows controlling the
efficiency of heat consumption in the heat and power complex. As a basis of
methodological support for energy efficiency analysis and control in the
automated information system of energy efficiency analysis it is proposed to use
the international protocol of efficiency measurement and verification. A method
of rationing heat energy consumption, taking into account the required level of
statistical significance of energy resources saving when carrying out energy
saving measures, is proposed to control the energy efficiency of the heat and
power complex. Application of this method in the automated information system
of university energy efficiency analysis is expedient, which was confirmed in
the process of operation of the implemented automated system of energy
management of thermal energy complex on the basis of HUB of knowledge on
energy efficiency in Kyiv National University of Technologies and Design.
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% Percentage

CISFEC Corporate Information System for Fuel and Energy Complex

COVID-19 Corona Virus Disease 2019, corona virus infection 2019-nCoV

Eq. Formula of calculation

Fig. Figures

HEI Higher education institution

HUB Common connection point

IPMVP International Performance Measurement and Verification Protocol

KNUTD Kyiv National University of Technologies and Design
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