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FORESIGHT TOOLS TO ENHANCE ENERGY EFFICIENCY
IN BUILDINGS BASED ON THE UNIVERSITY ENERGY HUB

The article reveals the essence of the key motivation drivers to save energy and increase the
energy efficiency in higher education institutions. In particular, a low level of interest of higher
education institutions in the implementation of strategies to reduce energy consumption has been
observed. The findings suggest that the lack of interest in energy saving is primarily affected by
budget legislation since the energy cost calculation was based on the consumption norms for a
particular budgetary institution and the current (planned) electricity and heat tariffs. Recently, it
has been decided that from now on universities will not obtain budget funding to cover utility costs,
the amount of subsidies from the Ministry of Education and Science of Ukraine for the
implementation of the government objectives will comprise regulatory costs for public service
provision according to the student contingent. Standard property maintenance costs will not be
covered by the Ministry anymore which will impose the burden of paying the utility bills upon the
University’s gross income. Hence, there is a need to take efforts to enhance energy efficiency and
energy saving in higher education institutions which was implemented using a foresight
methodology. Within the scope of this study, the foresight project to improve the energy efficiency of
buildings in the frameworks of the University energy hub is based on the following calculations:
thermal energy consumption for heating public buildings, estimated hourly heating load to ensure
heating in the building, verifying the feasibility of heating standby regulation, measuring energy
savings through the creation of an automated heat supply station, as well as annual savings in
monetary terms. In order to save resources and boost energy efficiency based on the University
energy hub using an automated heat supply station, the study offers a mathematical toolkit to justify
the choice of minimum and maximum values of optimal microclimate parameters, reduce
infiltration, increase the efficiency of indoor air distribution; optimal modes of local air
conditioning, preheating and cooling; utilizing of "waste" and natural heat and cold; "combining"
microclimate systems with other systems, improving automation devices in technical systems. It is
argued that increasing the energy efficiency of heating systems in University buildings on the basis
of its own energy hub will contribute to gaining significant savings in thermal energy for heating
and significantly reduce carbon dioxide emissions into the environment. In addition, the study
reveals that the cost of thermal energy for heating depends upon a building design, modernization
quality, reconstruction and insulation, applied building materials, spatial planning solutions, the
presence or absence of control and automated systems, maintenance systems and attitude of
owner’s attitude to innovations. The conclusions summarize that the cost of thermal energy can
vary significantly in buildings of the same type.

Keywords: University energy hub; Foresight, automated heating station.
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Kuiecokuil nayionanvHuil ynieepcumem mexnon02iii ma ou3ainy, Yxkpaina
®OPCAWT NIIBUIIEHHS EHEPTOE®EKTUBHOCTI BYIIBEJIb
HA BA3I EHEPT'OXABA YHIBEPCUTETY

Cmamms po3kpueae cymov KIOYOBUX Gadxcelie Momugayii 00 eHnepeo3depedceHHs ma
nioUeHHs eHep2oeheKMUsHOCmi 3aK1adié euwjoi oceimu. 30Kkpema, GI03HAYAEMbC 00801
HU3bKULl pisens 3ayixasienocmi 3BO 0o peanizayii 3ax00i6 w000 3HUNCEHHS CHONCUBAHHSL
eHepeemuyHux pecypcis. Buseneno, wo npuuuna eiocymumocmi iHmepecy 00 OWAOIUBO20
EeHEeP2OCNOoJICUBAHHS Nepebysae, Hacamnepeo, y NIOWUHI OI00NCEMHO20 3AKOHOOABCMEBA, a0ice
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PO3DAXYHOK 00csa2y KOwimié HaA ONIamy eHepeemuyHux pecypcié 30ilCHI08A8CA HA OCHOBI
HOPMAMUBHO20 00CA2Y CHONCUBAHHA PecypCie O KOHKPEemHOi 01002cemHoi YCmanHosuy i Has8HUX
(nnanosanux) mapucghie Ha enekmpuuny ma mennosy enmepeito. Hapasi supiweno, wo ynieepcumemu
He Oompumyeamumyms 0100HCemHo20 QIHAHCYBAHHA HA ONAAMY KOMYHANbHUX NOCTYe, 00cs2
cyocudiu Minicmepcmea oceimu ma HayKu YKpaiHu Ha BUKOHAMHA OepIHCABHO20 3A80AHHA
CKAA0AMUMembCsl 3 HOPMAMUBHUX BUMPAM HA HAOAHHA 0ePAHCABHOT NOCTY2U, WO 3ANeHCUMb TULLe
8i0 Kowmuneenmy cmyoenmis. Hopmamueni eumpamu na ympumanns matina Minicmepcmeom ne
NOKpUBAMUMYMbCS, BHACIIOOK Y020 8 YHigepcumemi ms2ap CHnaamu 3ad KOMYHATbHI NOCTy2U
NOBHICMIO NePeKIadacmvpCs Ha 00X00U, WO NPUHOCAMb NpUudymox. 38i0cu nocmae HeoOXiOHiCMb
nposedeHH s 3axX00i8 w000 NiOBUWEHHS eHepeoepheKmUsHOCmi ma enep2o3oepedicents OJisl 3aK1a0ie
guwoi oceimu, wo it OYI0 peanizoeaHo 3a OONOMO2010 Gopcaum-uemoouku. Y mexicax yboco
docniddicents,  Gopcaium-memoouxKy niosuweHHs eHepeoegekmueHocmi  Oydisenb Ha  0asi
VHIgepcUmemcbko20 eHepaoxaba nobyo0o6aHo HA MAKUX PO3PAXYHKAX. 6UmMpamax menia 0.
ONANEHHS 2POMAOCHLKUX OYOiBelb, PO3PAXYHKOBO2O 200UHHO20 MENI08020 HABAHMANCEHHS 0YO0i6i
Ha ONaleHHs, BUSHAYEHHI OOYIIbHOCII Op2aHi3ayii Yepeo8o20 pe2ynio8anHs ONANeHHs, BU3HAYEHHS
EeKOHOMII mennosoi enepeii 8i0 BNPOBAOINCEHHS Uepe08020 ONANICHHS Hepe3 CMBOPEHHs
aA8MOMAMU308AHO20 MENT08020 NYHKMY, d MAKON’C PIUHOI eKOHOMII 8 2pouiosomy eupasi. 3 memoio
eKOHOMII pecypcié ma niOBUWEHHS eHepeemuyHoi epexmueHocmi Ha 6asi eHmepeoxaba
VHigepcumemy 3 GUKOPUCMAHHAM A6MOMAMU308AHO20 MENI06020 NYHKM) 3anpONnOHOBAHO
MamemMamuyHo O0OIpYHmMy8amu 6uOip MIHIMATbHUX MA MAKCUMAIbHUX 3HAYEeHb ONMUMATbHUX
napamempie MIiKpoKiimamy, 3MeHwumu iH@inempayilo, niosuwumu e@exmusricms nogimps
PO3n00iNy 6 NPUMIWEHHAX, ONMUMAIbHI DedCUMU MICYe8020 KOHOUYIIOBAHHS, NONEPEeOHbO2O
HA2PIBAHHS MA OXOJOONCEHHs, VMUNI3aAYil0 «CKUOHUX» MA NPUPOOHUX MENIomu ma Xoaooy;
«KOMOIHY8aHHAY cucmem 3abe3neyeHHsi MIKpOKLIMAamy 3 IHUUMU CUCTeMAMU; B800CKOHANEHHS
3aco0ie asmomamu3zayii mexHiyHuUx cucmem. JlogedeHo, WO NIOBUWEHHS eHepeemUYHOL
ehekmusrHocmi cucmem onanenwHs 0Oydigenv YHigepcumemy Ha 043l 61ACHO20 eHepeoxaba
003801UMb 00Cs2MU CYMMEBOT eKOHOMII Menio80i enepeii Ha ONANeHHs Ma 3HAYHO 3HUSUMU eMICil0
Oiokcudy eyzneyio 8 ammocghepy. Kpim mozo, sussneno, wo seumpamu mennogoi euepeii Ha
ONaneHHs 3anedcams 8i0 npoekmy 0y0igni, AKOCmi MOOepHI3ayii, peKOHCMPYKYil ma ymenieHHs,
3acmocosanux  OyoieenibHuUX mamepianie, 00'€MHO-NIAHYBANLHUX —piuleHb, HAABHOCMI  abo
gi0cymHOCmI cucmem YNpAaeiiHHA mMa asmoMamu3ayii, pexcumy ekcniyamayii npumiujeHb ma
CMABIEeHHsA 8IACHUKIE 00 HOB0B6E0EHb. Y BUCHOBKAX PE3IOMYEMbCA, WO SUMPAmMU Meniosoi eHepaii
MOACYMb CYMMEBO PIZHUMUCS 8 OVOUHKAX 00HO20 MUNY.

Knrwowuosi cnosa: eumepeoxab yuisepcumemy, @opcaiim, asmomamu308anuli mMenio8ull
NYHKM.

NBan M. I'pumienko, Cetiiana B. bedko
Kueeckuii nayuonanvHvlil ynueepcumen mexuonouil u ouzaina, Ykpauna
®OPCAWT NOBBLIMEHUSI SHEPTOY®P®EKTUBHOCTH 3IAHUI
HA BA3E DHEPI'OXABA YHUBEPCUTETA

Cmamus packpvléaem cymb KIIOYEBbIX pblide08 MOMUBAYUU K IHEP2OoCOEpedtCeHuro u
no8blUeHUI0  IHep2oIhdekmusHocmu  3a6edeHuti  evicuieeo  obpazosanus. B uacmmocmu,
ommeyaemcs 00CMAmMoOYHO HU3KULL YyposeHb 3aunmepecosanHocmu 3BO k peanusayuu mep no
CHUDICEHUI0 NOMPeONeHUs. dHepeemuUyecKux pecypcos. Bbviseneno, umo npuyuna Omcymcmeus
unmepeca K JKOHOMHOMY OHEP2ONOMpeOleHU0 Kpoemcs, npedcoe 6ce2o, 6 NI0CKOCU
010021cemno20 3aKOHO0AmenbCmed, 6edb pacyém 06véMa cpedcme HA ONAAmy IHePeemuyecKux
Pecypco8 OCyWeCcmesancs Hd OCHO8e HOPMAMUBHO20 00vbéMa nompebieHus pecypcos OJis
KOHKDEMHO20 — OI00JHCEMHO20  YUPeNCOeHUss U umerowuxcsa (niauupyemvlx) mapugoe Ha
eKMPU4eCcKylo U meniosyio ouepeuto. Illpunamo pewenue, ymo yHusepcumemsl He 0YOym
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noxyyams 6100dcemHoe DUHAHCUPOBAHUE HA ONJIAMY KOMMYHANbHLIX YCIye, 00bem cyocuouil
Munucmepcmea obpazosanus u HayKu YKpauHvl HA 8bINOJHEHUe 20CYOAPCMEEHHbIX 3a0ay OyOem
COCMOoAmMb U3 HOPMAMUBHLIX PACX0008 HA NpedoCmagieHue 20Cy0apCmeeHHol YCiyau, Ymo
3a8ucum mMoabKO Om KOHMUHeeHmMA cmyoenmos. Hopmamuenvie pacxodvl Ha codepicanue
umywjecmea Munucmepcmeom He 6y0ym noOKpbleamvCs, 8CleOCMaUe ye2o 8 yHusepcumeme opems
VIIAmMbl 34 KOMMYHATbHbIE VCIyeU NOJIHOCMbIO NEPeBoOUmcs Ha 00X00bl, NPUHOCAWUE NPUOBLID.
Omciooa  6o3HuUKaem  HEOOXOOUMOCMb  NPOGEOEHUs — MEPONpusAmull  NO  NOBbIULEHUIO
9HepeodppexmusHocmu U dHepeocoOepedcerus 0Nl YUpercOeHull 8vicuie2o0 00pa3oeanus, Ymo u
ObLIO Peanu308aHo ¢ NOMOWbIo hopcaim-memoouku. B pamxax smozo uccredosanus, ghopcaiim-
MemOoOUKy NoBblueHUs IHePeodIphexmusHocmu 30anuti Ha Oaze YHUBEPCUMEmCKo20 3Hepeoxadba
NOCMPOEHO HA CAeOVIOWUX pacyémax:. pacxooe menia Oasi OMONIEHUs 0OWeCmeeHHbIX 30aHull,
PACUEMHOU 4aACOBOU MENL0B0U HAZPY3Ke 30anus Ha OMONieHuUe, onpedeseHul YeaecooopazHocmu
Op2aHU3aAYUU 0eIHCYPHO20 PEHCUMA Pe2yIUPO8aAHUs OMONIEHUs, onpedeseHul IKOHOMUU Menai08ou
SHepeuu  Om  GHeOpeHUsl  OeJNCYPDHO2O — PeXcumMd  OMONJeHUs 6  PAMKAX — CO30aHHO20
A6MOMAMU3UPOBAHHO20 MENNI08020 NYHKMA, d MAakice 200060l IKOHOMUU 8 OCHEeHCHOM
gvipadiceHuu. B yensx sxonomuu pecypcoé u nogvluleHUs: dHepeemuyecKkol 3¢hgdexmusHocmu Ha
base snepeoxaba yHusepcumema ¢ UCNONb308AHUEM ABMOMAMUIUPOBAHHO20 MENI08020 NYHKMA
NPeONONHCEHO MaAmMeMamuyecku 000CHO8AMb 6blOOP MUHUMAILHBIX U MAKCUMATbHbIX 3HAYEHU
ONMUMANLHBIX — NAPAMEMPO8  MUKPOKIUMAMA,  CHU3UMb  UHOUIGMPAYUlo,  NOBbICUMDb
appexmusnocmes 6030yxa pacnpedeneHuss 8 NOMeWeHUsx;, ONMUMAIbHbIE DPeNCUMbl MECHHO20
KOHOUYUOHUPOBAHUSL, NPEO8APUMENbHO20 HASPEBAHUS U OXAAHNCOEHUS, YVIMUIUZAYUIO «COPOCHO20» U
npUpoOH020 menia u xon00a, "kombunuposanue” cucmem obecnedeHus MUKPOKIUMAMA C OpYeUMU
cucmemamy; yCo8epULEHCMB08AHUE CPEOCME A8MOMAMU3AYUY MexHuyeckux cucmem. /Joxkasamo,
YUMo nosviuleHue IHePeeMmudecKkoll d¢hghexmusHocmu cucmem OmMonIeHus: 30aHUll YHUSepCcumema Ha
baze cobcmeenHo20 sHep2oxadba no36oaum 00CmMuyb CYujeCmeeHHoOU dIKOHOMUU MeN080l IHepeUU
Ha OMONJeHUe U 3HAYUMELLHO CHUSUMb IMUCCUIO OUOKCUOA yenepooa 6 ammocgepy. Kpome moeo,
O0OHAPYHCEHO, YMO pAcXo0 MEeNJo8ol dHepeUul HA OMONIeHUe 3d8UCUM OMm NPOeKmda 30aHUs.,
Kayecmea MOOEPHU3AYUY, PEeKOHCMPYKYUu U  YMmenieHus, NPUMEHIEMbIX CMPOUmMeIbHbiX
Mamepuanos, 00bEMHO-NIAHUPOBOUHBIX PEeUleHUU, HATUYUS UTU OMCYMCMBUS CUCEM YNPAGIeHUs
U asmomMamuzayuu, pexcuma IKCHIyamayuu NoMewjeHull U OMHOWIeHUs 61adenvyes K
HOB8088e0eHUAM. B 6b1800ax pe3tomupyemcs, 4mo pacxoo menyiogoll SHEP2UU MOHCEM CYUYeCmEEeHHO
PA3IULaAmMbCs 8 00MAX 00HO20 MUNA.

Knroueswie cnosa: suepeoxad ynusepcumema, ghopcaiim,; asmomamusupo8anHbulil meniosou
RYHKM.

Introduction. In many countries, according to A. Abu-Rayash, 1. Dincer created mechanisms
for standardization on the level of energy efficiency, which has become a mandatory requirement for
buildings of the public sector: office complexes, educational and cultural facilities, health care
buildings [1]. On the share of buildings, according to J. Di Stefano, in Europe accounts for 41% of all
energy consumed [2]. Of this energy, 85% is used for heating and cooling, and 15% is consumed as
electricity (especially for lighting). On the whole, buildings consume 35% of primary energy to
achieve comfortable indoor temperatures and 6% of electricity. According to L. Hanushchak-
Efimenko, V. Shcherbak, O. Nifatova, in Ukraine, almost 80% of all buildings, structures and
constructions of the country are housing stock [3]. Energy consumption by residential buildings is
23% of primary energy, i.e. almost a quarter of all energy consumption in our country [4].

A measure of energy efficiency, according to J. Liu, Q. Yao, Y. Hu, is the ratio of real
consumption to the estimated or estimated amount of energy required to meet various needs in the
standard operation of the building [5]. At calculation of energy efficiency (J. Nayak, M. Mishra,
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B. Naik, H. Swapnarekha, K. Cengiz, V. Shanmuganathan), the following types of consumption of
thermal and electric energy are considered: heating, hot water supply, cooling, ventilation, lighting,
other types of energy consumption [6]. Heat and electric energy (K. Shaposhnikova, V. Shimov) to
achieve high energy efficiency must be consumed in minimal amounts [7]. The degree of energy
efficiency of an individual building, according to V. Shcherbak, L. Hanushchak-Yefimenko,
O. Nifatova, P. Dudko, N. Savchuk, I. Solonenchuk [8, 9], is determined by comparing it with
normalized values. It can be documented, for example, in energy passport of building. At present,
there are building standards for the construction of buildings with low energy consumption. New
buildings should only be built according to low-energy standards and equipped with energy-saving
functions of an energy efficiency class A automation system [10].

For an automatic building management system, it is necessary to:

class A — indoor climate control with automatic consideration of energy demand;

class B — climate control in the premises without automatic accounting of energy demand,

class C — automation of basic installations in a building, no electronic controllers or
thermostatic valves on heating radiators in premises;

class D — no electronic controllers in rooms, no control of energy consumption.

A number of measures can noticeably improve the energy efficiency of existing buildings:

- upgrading utilities with the installation of building automation systems;

- setting comfort temperature limits for heating and cooling;

- equipping the ventilation system with heat recovery means;

- reducing heat loss through the building envelope;

- modernization of old buildings.

The purpose of this study is to propose a methodology for Foresight to improve the energy
efficiency of buildings on the basis of Energohab University. Data on energy use was collected and
processed in 2021 in Kyiv National University of Technologies and Design (KNUTD).

Matherials and methods. Heat consumption Q for heating public buildings can be
determined by aggregate indicators — specific heat characteristic g according to equation (1):

O=a-q-(h—1)" Vv, (1)
where v — building volume in m? according to the external dimensions;
t1 — average temperature of the heated room (18°C);
t» — design value of the outside air temperature;
g — coefficient, taking into account the change in the specific thermal performance
depending on climatic conditions.

For the efficient use of energy resources and the possibility of regulating the consumption of
thermal energy in the heating system in the building 4 of KNUTD it is necessary to install an
automated heating unit with outdoor and indoor air temperature sensors. According to an
appropriate program the regulator can reduce the temperature in the premises at night and on
weekends, which is most relevant for the buildings of the public sector. Automated control of the
heating load allows you to save money in the autumn and spring, when a common problem is the
presence of overheating associated with the features of the central quality control of the heat load at
the heat supply sources. Schematic diagram of installation of automatic heating load regulation
system with circulating pumps is given in [4].

Calculated hourly heat load of the building for heating is (equation 2):

Gn = — @)

z-24'
where O — annual consumption of heat energy for heating the building;
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z — duration of the heating period.

The organization of the standby regulation of heating assumes that the air temperature in the
rooms of the building is reduced to 14°C. The hourly heating load in this case will be (equation 3):
.

qp = qn X = 3)

]
(to—tg")

where £5" is the average outdoor air temperature during the heating period;
L, — design air temperature in the premises (18°C).

Saving thermal energy from the introduction of standby heating during the heating period
(equation 4):

AQaw=0 — Quu, 4)

where Qqu — the annual consumption of heat energy for heating the building at the
organization of standby heating.

Total savings of heat energy due to the organization of an automated heat point (equation 5):

AQ=AQu+k-Q, )

where £ is the coefficient of efficiency of heat load regulation in the autumn-spring period.

Annual savings in monetary terms (equation 6):
AEc =40 -T- 107, (6)
where 7 is the tariff for heat energy.

Results and discussion. The automation system of the university building No. 4 collects
information to control energy consumption and other equipment. In addition, effective control of
energy consumption is provided.

The energy efficiency of a building is defined as the calculated or actually measured amount
of energy consumed for various needs during standard building operation. Building automation and
building services controls affect energy efficiency in many ways. Building automation systems
provide efficient automation for controlling heating, ventilation and cooling, hot water, lighting,
etc., thus increasing operational efficiency and reducing energy costs. Sophisticated integrated
processes and energy-saving functions are configured according to the specific conditions of the
building and the user's needs, thus avoiding unnecessary energy consumption and CO2 emissions.
Building automation systems, especially building services management, provide information for
building operation and maintenance and energy management [4]. This includes functions for
trending energy consumption, alarming, and identifying energy losses.

The building automation system of university building No.4 and engineering
communications management is calculated by means of simulation modeling (Fig. 1). It is based on
heat flow models, e.g. a heat flow model to maintain the set temperature in the rooms.

The general calculation process is to go through the energy flows from left to right
according to the model described above. The model shown (Fig. 1) is only a schematic illustration
and does not describe all possible options. For example, an underground heat pump uses electricity
and renewable energy from ground heat. The electricity generated in the building by the solar
panels can be used both in the building itself and transmitted to the grid. The rooms are sources of
energy demand. Appropriate ventilation and air conditioning installations, heating and lighting
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systems must guarantee comfortable indoor conditions in terms of temperature, humidity, air quality
and light. Energy is supplied according to the needs of the user, thus minimizing energy losses
during generation and distribution. The different functions of building automation systems are
consistent with a supply and demand model, for example installations that regulate the transmission
of thermal energy to consumers (heating batteries, chilled ceilings, air conditioning systems with
variable airflow) can use different carriers (water, air, electricity). Therefore, various building
automation systems can be used to implement this function. Demand-driven control is based on the
presence of people in the room from a presence detector or a time sensor. Occupancy information is
used to control heating, cooling and ventilation and air conditioning.

Passive solar heating
Passive coaling
Matural ventilation

R Eang. .~ Cantribution oF,
—1 : internal energy tt
1 _2 | baseline energy
a——/‘i ) CO2 emissions
' <G , oz |7
I : Y emissions
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I inthe
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1 | m—
L Basic
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The conventional symbols of Figure 1: 1 — energy needed to meet the user's needs for heating, lighting, cooling, etc. at
the level adopted in the calculations; 2 — "natural” energy gain - solar heating, ventilation cooling, daylighting, etc.
together with internal gain (people, lighting, electrical equipment, etc.); 3 — total energy consumption in the building,
derived from (1) and (2), taking into account the characteristics of the building itself; 4 — delivered energy separately
for each energy carrier, including all auxiliary energy used for heating, cooling, ventilation, hot water supply and
lighting, taking into account renewable sources and combined energy production, expressed in energy units or
consumption, 5 — renewable energy produced in the building itself; 6 - generated energy produced in the building and
supplied to the market, it may also include some energy (5); 7 — represents basic energy use or CO; emissions produced
by the building; 8 — represents basic energy or emissions caused by on-site energy generation and use, this value is not
subtracted from value (7); 9 — represents basic energy or CO; emissions reduction associated with exported energy,
which is subtracted from value (7).

Source: [4].

Fig. 1. Model of energy flows of the building

Special monitoring functions must be installed in the building automation system to detect
errors.

1. Temporary operating schedules. This is especially necessary in buildings with non-
permanent occupants. The monitoring functions should include, at a minimum, a displayed schedule
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or time indicator when the fans are on and the cooling system is running, the heating system is in
normal mode, and the lights are on.

2. Inserts. The monitoring features should include a graph or indicator that allows you to see
an overall picture of the different temperature inserts of heating and cooling.

3. Simultaneous heating and cooling. If the system results in simultaneous heating and
cooling, the monitoring functions should be set to avoid or minimize simultaneous heating and
cooling. Switching between heating and cooling should also be monitored.

4. Prioritize the energy sources with the best energy performance. If several energy
generation systems with different energy characteristics can be used for the same function (e.g. a
heat pump or a solar thermal storage system operating as both a primary and a secondary source),
the monitoring functions must be set to control the prioritization. The monitoring functions allow
the current climate conditions, internal temperature, internal heat production, types of hot water use
and lighting, and indoor air quality to be taken into account. The monitoring function can be used to
prepare and display energy consumption schedules, report current room temperature and air quality
readings. In buildings where there is no permanent presence of people, these functions should be
different for periods of presence and absence.

One of the most important target indicators of effective energy use for budgetary institutions
is the specific values of energy resources consumption [5, 8].

During the examination of the technical condition and efficiency of operation of different
heating systems of the university building No.4 the following works were carried out:

- analysis of the heating system operation modes;

- analysis of the state of thermal insulation and heat losses in the internal heating networks;

- analysis of data about the volumes of energy resources used;

- analysis of financial costs of energy resources;

- analysis of the data from the instrumental inspection of the energy supply systems;

- thermal imaging survey of buildings (Table 1).

Table 1
Structure of consumption of energy resources of building Ne4 of KNUTD
Building | Energoresource Dimension 2018 2019 2020 2021
Building thousand kW-h 18.2 16.4 14.2 16.1
No. 4 of|Electricity UAH mln 2.7 2.6 2.5 2.4
KNUTD tons of fuel equivalent 6.3 5.7 4.9 5.1
Gcal 45.3 75.4 86.3 82.4
Heat UAH min 2.3 3.8 3.5 2.8
tons of fuel equivalent 6.7 11.2 12.8 12.2
Total UAH mln ' 5.0 6.4 6.0 5.2
tons of fuel equivalent 13 16.9 17.7 17.3

The data array of monthly electricity consumption by buildings in graphical form is shown
in Fig. 2. It should be noted that if the electricity consumption of building No. 4 of KNUTD during
the year can be conditionally considered more uniform. At the same time, in summer, especially
during the transition period (in June and September), there is an increase in electricity consumption
(in some years two or three times), which is caused by additional heating of the premises with
electric heaters (Fig. 2). Usually, the heating period ends in the last decade of May and begins in the
second decade of September.

In order to compare the volumes of consumed energy resources for the building No. 4 of
KNUTD building let's convert all the values to one indicator — tons of fuel equivalent: 1000 kWh =
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0.3445 tons of fuel equivalent (electric power); 1 Gcal = 0.1486 tons of fuel equivalent (heat
energy).

From the presented in Fig. 3 values of the consumed energy resources, reduced to the units
of fuel equivalent, it is clear that the power consumption for the building of the building Ne 4
KNUTD on the average 2—3 times higher than the consumption of energy resources (electricity and
heat) for the other buildings of the university. Thus, the implementation of energy-saving measures
and measures to equip buildings with technical means, designed to save energy resources, it is
necessary to implement after their economic justification for the end user.
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Fig. 2. Electricity consumption in the spring-summer-autumn period
by the building No. 4 of KNUTD
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Fig. 3. Volume of energy resources consumed by KNUTD buildings
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Conclusion. To improve the efficiency of energy cost management of budget organizations,
it is necessary to establish a system of information support for this activity. Today, as in the whole
country, it is difficult to assess the efficiency of energy use in the public sector. Even where there is
data on total energy consumption, as a rule, there is no information on the area of budget buildings
or there is only sketchy data. The best projects can be presented at national, regional and municipal
competitions "Energy Stars" and thus disseminate best practices. It is necessary to organize
advisory assistance to budgetary organizations, they should be provided with methodological
recommendations on developing programs and on conducting energy audits, on creating a
monitoring and reporting system. Annual reports should be submitted to the relevant authorities on
the results of target implementation, which should contain an assessment of energy savings
resulting from the implementation of programs; the degree of proximity to the target setting; an

assessment of the effectiveness of the implementation of allocated funds.
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