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THE MODEL OF DECISION SUPPORT IN CENTRALIZED HEATING
MANAGEMENT ON THE CONSUMER SIDE

To manage centralized heat supply on the consumer side, it is necessary to implement an energy management system as an instrument
for reducing the consumption of energy by using energy resources efficiently. The implementation of the energy management system
requires monitoring, accounting, analyzing and making decisions in the management of heating system. The subject matter of this
study is the information support of decision making in the management of centralized heat supply. The aim of the work is to develop
a model for decision support in the management of heat supply modes on the consumer side. The tasks of the research include the
selection of methods, the development of a model for making decisions while managing heat supply modes and its implementation in
the decision support system (DSS). The current state of information technologies used for solving the problem of decision making
support in centralized heating management is analyzed. A model for determining a regulating variable for establishing the necessary
heat supply mode with the use of fuzzy set theory and methods of fuzzy logic is developed. On the basis of the expert survey, the term
sets of linguistic variables of the model of fuzzy logic decision making in managing heat supply modes were determined, membership
functions of each linguistic variable of the model and rules of logical deduction were developed. The result of the model operation is
making the recommendation as for controlling the current mode of heat supply, which can take the values "below the required”,
"acceptable”, "optimal®, "exceeds the optimum" up to the required one among the probable values of "acceptable”, "optimal™ uner the
temperature conditions of the environment "very cold", "cold", "moderate” or "warm". The developed model is implemented in the
information technology of decision support in the management of heat supply of public sector objects. On the basis of this technology,
the decision support system whuch ensures the automatization of the tasks of monitoring the current state of the heating system was
developed, the assessment of the predicted volume of heat energy consumption as well as decision support of the heat supply
management on the customer side. The use of the developed model in the decision support system while managing the heat supply
systems on the consumer side enables reducing the level of heat energy consumption necessary to heat buildings while preserving the

necessary temperature mode in heated premises.

Keywords: energy saving, heat supply, model, fuzzy logic, decision support.

Introduction

Today there is a tendency of increasing the volume
of heat energy consumption along with the growth of
prices for primary energy resources. At the same time, the
efficiency of the use of energy resources is low, due to a
number of factors, such as: lack of information about
energy and operational parameters of buildings, lack of
financial resources required to implement energy saving
procedures; absence of motivation among the personnel of
facilities, which results in failure to observe comfortable
conditions in premises.

The implementation of energy saving procedures in
centralized heat supply systems on the consumer side is
aimed at reducing heat consumption by reducing the
amount of heat energy is an urgent task. The realization of
these procedures requires the implementation of energy
management according to the standard 1SO 50001:2011
[1], which, in turn, requires creating organizational and
informational conditions that enable selecting the best
options of management. The wuse of information
technology in managing heat supply on the consumer side
is aimed at automating such energy management tasks as
accounting the amount of consumed heat, analyzing heat
demands and making recommendations as for the
management of heat supply in order to maintain
comfortable conditions in heated premises and eliminate
excess heat consumption.

Analysis of literary data and problem statement

Managing the centralized heat supply system on the
consumer side is carried out at an individual thermal point
(ITP) and is aimed at providing end consumers with the

mode they need, that is, at ensuring sanitary standards of
air temperature in heated premises. The heat management
system at the ITP is designed to change the coolant rate.
The management is maintained on the basis of the current
state of heat supply, taking into account the change in the
factors of influence on the demand for thermal energy to
establish the required heat supply mode [2]. In the process
of making administrative decisions and preparing for their
realization by a building energy manager, information
decision support should be provided, which is due to a
large  number of subordinate objects and, as a
consequence, the necessity of timely response to the
trends in the change of heating demands.

Information support of managing heat supply
requires the development of simulating, optimizing and
forecasting models, as well as decision support models
that enable developing various management options. Due
to the complexity of the centralized heat supply system
and the uncertainty of the factors affecting the demands
for thermal energy, methods of artificial intelligence are
widespread in solving various problems in heat
engineering. Systems based on fuzzy logic are
used to support decisions made while selecting insulating
material for elements of piping systems and for
assessing their performance [3, 4], for managing the heat
energy transmission [5], and detecting deviations in
energy consumption [6]. Proactive and framing models [3]
are used to support decisions as for normal operating the
heat supply network.

Although most of researches is aimed at solving the
problem of optimizing the operation of the centralized
heat supply system at the stages of production and
transmission of heat energy, in recent years more and
more attention has been paid to centralized heat supply
management on the customer side [7].
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Decisions in managing centralized heat supply on
the consumer side are made under a priori uncertainty due
to inaccuracy and incompleteness of input data, the
stochastic nature of external influences, lack of an
adequate mathematical model of heating system operation,
ambiguity of the purpose and a human factor. This leads
to the increased risk of ineffective decisions, which may
have negative economic, technical and social
consequences. Therefore, while managinhg energy supply
on the customer side, the use of online approaches is
efficient; these approaches should provide continuous
monitoring of the indicators of heating system operation
and supporting decisions in real-time management of heat
supply [8].

The analysis of literary sources which deal with
solving the problem of centralized heat supply
management has shown that the problem of managing
heat supply on the consumer side is not sufficiently
investigated. Improving the informational support of
decision-making processes for centralized heat supply
management on the customer side increases the efficiency
of decisions made, which, in turn, reduces the heat energy
consumed in a building while providing comfortable
conditions in heated premises.

The goal and objectives of the study. The goal of
the research is to develop a model of decision support for
managing centralized heat supply on the customer side. In
order to achieve the goal, particular methods should be
selected, a model for making a decision as for managing
heat supply modes should be developed and implemented
in the system of decision support.

Methods and materials of research

Methods of the theory of fuzzy sets and fuzzy logic
are selected in order to develop the system of decision
support while managing the operation of the centralized
heating system on the customer side. Such methods use
linguistic values and statements to describe decision-
making strategies. This enables using expertise about
managing heat supply modes on the customer side, if there
is no mathematical model for making decisions.

The model of fuzzy logic decision-making in order
to manage the modes of heating public sector objects can
be described as a function

Z=F (ZY, BY), 1)
where Z — is the value of a control parameter;

ZY — is a variable characterizing an actual mode of
heating;

BY - is a variable characterizing a required mode of
heating.

Linguistic variable ZY "actual heating mode" is
determined on the universal set U(ZY) = [0, 50] (Gcal).
The term set of linguistic variable T(ZY) = T(ZY1)Y
T(ZY2) UT(ZY3) UT(ZY4) consists of terms of
linguistic variables ZY1, ZY2, ZY3, ZY4. The term set of
linguistic variable T(ZY1) =< ZYCIl, ZYMI1, ZYOlI,
ZYH1> determines the actual modes of heat supply
"below the required”, "acceptable”, "optimal”, "exceeds
the optimum™ under temperature conditions "very cold".
The term sets T (ZY2), T (ZY3), T (ZY4) determine the
same heating modes as the term set T (ZY1), but under
temperature conditions "cold", "moderate"”, "warm".

Linguistic variable BY "actual heating mode" is
defined by the universal set U (Y) = [0, 50] (Gcal). The
term set of a linguistic variable T(BY) = T(BY1)\U
TBY2)UT(BY3) UT(BY4) consists of terms that
determine the permissible and optimal modes for heating
the linguistic variables BY1, BY2, BY3, BY4. The term
set of linguistic variable T(BY1) =<BYMI, BYOI1>
determines the necessary modes of heating, "acceptable”,
"optimal”, under the temperature conditions "very cold".
The term sets T (BY2), T (BY3), T (BY4) determine the
same heating modes as the term-set T (BY1), but under
temperature conditions "cold", "moderate”, "warm™. The
linguistic variable Z is defined on the universal set U (2) =
[-50, 50] (Gcal). The term set of linguistic variable T(Z)
=<D1...D8, NC, I1...18>. The functions of the terms of the
linguistic variables ZY, BY, Z are developed on the basis
of expert assessments according to the method [9]. For
variables ZY and BY, a trapezoidal membership function
is selected, and for a Z-variable a triangle one is selected.

The mode of heat supply according to the amount of
heat energy consumed in a building and temperature
conditions of the environment is determined with the use
of the model presented in [10].

The structure of the fuzzy logic decision-making in
order to control the heating mode on the consumer side is
shown in the form of a tree in fig. 1.
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Fig. 1. The structure of a fuzzy logic model of decision-makingfor managing the mode of heating in the form of a tree
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To determine the value of a control parameter, the
following rules are developed:

If ZY is ZYM1 and BY is BYM2 then Z=NC. (2)

Rule (2) has the preconditions: ZY is ZYM1, BY is
BYM2. The rule is interpreted as: if mode "Acceptable 1"

is curremtly set and tomorrow "Acceptable 1" should be
also set, the control parameter should be "Kept
unchanged". A fragment of the rule database for making a
decision for managing the heating mode is given in
table 1.

Table 1. A fragment of the rule database to make a decision for managing the heat supply mode

Ne rule input variables output variables

A BY Z

1 ZYC1 BYM1 14

2 ZYC1 BYO1 16

3 ZYM1 BYM1 NC

4 ZYM1 BYO1 12
125 ZYO4 BYM4 D8
126 ZYO4 BYO4 NC
127 ZYH4 BYM4 D6
128 ZYH4 BYO4 D7

Research results

To implement the suggested model of fuzzy logic
decision-making, the package of extension of software
application Matlab Fuzzy Logic Toolbox is used, which

enables developing fuzzy logic systems in graphical
mode.

The characteristic surface for the rule database, the
fragment of which is given in Table 1, is shown
in fig. 2.
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Fig. 2 The characteristic surface of dependence of the initial value on the input values of the model for determining a control
parameter

The result of the model (1) is making a
recommendation to adjust the current mode of heating to
the required selecting between possible values
"Acceptable" and "Optimal".

The developed model of decision support in
managing centralized heat supply on the consumer side
has been used for the development of information

technology [11], on the basis of which a decision support
system was developed for managing heat supply of public
sector objects (DSS "HeatCAM").

DSS "HeatCAM" is implemented as a web-
application with authorized access on the basis of client-
server architecture.
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The generalized architecture of DSS "HeatCAM",
which includes data storage and manipulation, a web
server, a client browser, as well as a set of software
modules that implement data processing are presented in
fig. 3.

The main functions of DSS "HeatCAM"
implemented by its relevant subsystems are real-time

monitoring of heat consumed in a building,
calculating the daily monitoring indicators based on the
data collected in the operational mode, determining the
predicted value of heat consumption  for
the next day, determining the current mode of heating and
making recommendations for managing heat supply
mode [12].
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Fig. 3. General architecture of DSS "HeatCAM"

An engineer is usually a decision-maker who is
responsible for energy auditing and energy conservation.
He monitors the current heating mode and, on the basis of
the recommendations made by DSS "HeatCAM", makes a
decision as for adjusting the heat supply mode.

A decision maker can work with DSS "HeatCAM"
from any computerized workplace that has access to the
Internet through the web-interface of the system.

The result of determining the current mode of
heating and comparing the obtained value with the
planned one is reviewed. The mode of heat supply which
should be set for the next day can also be selected; the
value of a control parameter can be obtained, namely, the
amount of heat energy that a building should consume in
one day, and the coolant costs.

To decide on managing a heating mode, a consumer
should first select which heat supply mode (optimal or
acceptable) should be installed for the next day and start
the calculation. Then the program module for determining
the mode requests the database and receives the input data
for the model for determining a control parameter. After
receiving the input data, the program module of a mode
definition page launches the command file * .bat that
transmits the input parameters to the model implemented
in MatLab. The result of the fuzzy logic decision making
is entered into the database and displayed on the web
page.

The social economic effect of DSS implementation
is determined by heat energy consumption saved by public
sector objects when standard temperature conditions are
maintained in premises that are heated.

In order to assess the quality of decisions made with
the help of the developed model, an experimental study
was carried out, in the course of which it was found out
that while analyzing 700 desicions suggested by DSS
"HeatCAM" a number of correct decisions was 671. Thus,
the risk of making incorrect decisions is 4.1 %.

The average value of the amount of heat energy
spent for heating a building during the heating season
without the use of DSS was calculated as well as the
amount of heat energy that would be spent if the decisions
suggested by DSS was made.

The calculated values of the level of heat
consumption were compared, and it was established that
the management of heat supply on the customer side with
the use of DSS "HeatCAM" as a decision support tool
enabled reducing the consumption of thermal energy in
natural parameters by 15 % when standard temperature
conditions are maintained in premises that are heated.

Conclusions

The research resulted in the development of a model
of fuzzy logic decision-making in order to manage the
supply of heat. The developed model is implemented in
the system of decision support in the management of heat
supply of public sector objects with the help of DSS
"HeatCAM". The reliability of the suggested model is
practically proved while using DSS "HeatCAM" as a tool
for decision support.
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MOJIEJIb NIATPUMKU NPUMHATTA PILIEHD IIPU YIIPABJIHHI
HEHTPAJI3OBAHUM TEIIVIO3ABE3INEYEHHSAM HA CTOPOHI CITOJKUBAYA

Jlns ehekTHBHOTO YNpaBITiHHS [EHTPATI30BaHUM TEIUI03a0e3MEYCHHSIM Ha CTOPOHI CIIOKMBaya HEOOXITHO BIIPOBA/KYBATH CUCTEMY
€HEePreTHYHOTO0 MEHEKMEHTY SIK IHCTPYMEHT JOCSATHEHHST METH CKOPOYEHHs CIIOXKHMBAHHS CHEPreTHYHHUX PECypCiB IUIIXOM iX
palioHATBHOTO BUKOPUCTAHHS. BIIPOBA/DKEHHSI CHCTEMH CHEPreTHYHOrO MEHEKMEHTY MOTpeOye 3MiHCHEHHS KOHTPOJIO, OOIIKY,
aHaJTi3y Ta MPUAHATTS PIllIEHb TPU YIPABIiHHI CHCTEMOIO Teruio3abesneueHHs. [IpenMeTomM gaHOTO JAOCTiKEHHS € iHOpMalliiiHe
3a0e3MeUYCHHS] MIATPUMKH TMPUUHSATTSA PIMICHh NPU YIOPaBIiHHI IICHTPANi30BaHUM Terio3abesneueHHsM. MeTow pobotu €
PO3pOo0IIeHHST MO MiATPUMKH IPUAHSTTS PIlICHb MTPH YIIPABIIHHI PEKUMaMHK TEII03a0e3MeUeHHs Ha CTOPOHI CIOKMBava. 3axadi
JOCHiTKeHHsI TOJSIraloTh y BHOOpPI METOJIB, pO3pOOJIeHHI Mojeni (OpMyBaHHsS pIlIeHHS IOJO YHPABIIHHSI pPEKUMaMH
Teruo3abe3neyeH s Ta peatizamii i1 B cucTeMi MATPUMKH NPUIHATTS pimreHb. [IpoBeneHO aHami3 Cy4acHOTO CTaHy 3aCTOCYBaHHS
iHQOpMALIHHUX TEXHOJOTIA JUId pO3B’S3aHHA 3ajadl MIATPUMKH TPHUHATTA pIMIeHb IPH YIPaBIiHHI LEHTPali30BaHUM
Terio3abes3mnedeHHsIM.  Po3po0iIeHo Mojenb BH3HAYCHHSI PETYIIOIYOTO IMapaMerpy Uil BCTAHOBICHHS HEOOXiJHOTO PeXUMy
TEIUI03a0e3MeYeHHS 3 BUKOPUCTAHHAM METOJIB TeOpii HEUiTKUX MHOKHH Ta HEUIiTKOi JIoTiku. Ha OCHOBI €KCIIEpTHOTO OMHUTYBaHHS
BU3HAYCHO TEPM-MHOXXHHU JIHIBICTHYHUX 3MIHHUX MOJICJ HEUITKOTO JOTTYHOTO BUBEICHHS PILICHHS 100 YIPABIIHHS PEeKUMaMU
Tersi03abe3nedenHs, mo0ya0BaHO (YHKIIT HAJIEKHOCTI KOKHOT JIHIBICTHYHOI 3MIiHHOT MOJEN Ta IpaBuja JOTIYHOIO BHBEIAECHHS
pitenns. PesyabTaToM poOOTH MOJEIN € peKOMEH/allisl 00 PEryJIIOBaHHs IOTOYHOTO PEKUMY TeIU03abe3nedeHH s, SKuil Moxe

npuiiMaTH 3Ha4YeHHs "HIDK4Ye 3a HeoOxiguuit", "nomyctumuii”, "onTumanabHui", "MepeBUIye ONTUMATEHUN" 10 HEOOXIHOTO cepen
MOJKJIMBUX 3HAUeHb ''HOMYyCTUMUIA"', "ONTHMANBHHIA" 3a TEMIEpaTypHHX yMOB HABKOJHIIHBOTO CEPENOBUINA 'TyXe XOJOAHO",
"xomonHo", "momipHO" uu "Temno". Po3pobieHy Moaenp peani3oBaHO B iH(GOPMAIiifHIA TEXHOJOTII MIATPUMKHI MPUHHATTS PIllICHb
MIPH YTpaBIiHHI Teruio3abe3nedeHHsM 00’ €KTiB comianbHO-0r0KeTHOT chepu. Ha ocHOBI i€l TexHONOTIT po3poOdiIeHO CHCTEMY
MATPUMKI IPUHHATTS PillIeHb, 10 3a0e31edye aBTOMAaTH3aIiIo 3a/1ad MOHITOPHHTY TIOTOYHOTO CTaHy CHCTEMH TeI103a0e3IeueHHs,
OILIHKH TIPOTHO30BAHOTO OOCATY CIIOXKMBAHHS TEIUIOBOI €Heprii, a TaKoK MIATPUMKH TIPHHHATTS PIMICHb IIOAO YHPaBIIHHS
Teryio3a0e3neueHHsIM Ha CTOPOHI COXKMBava. BukopucTanHs po3po0ieHol MoJieli y CKIIa/li CHCTeMH MiATPUMKN NPUHHSTTS PillleHb
II0/I0 YIPABIIHHS Te103a0e3neYeHHsM Ha CTOPOHI CIIOYKMBayva J03BOJISIE TOCSITTH 3MEHIIIEHHS PIBHS CIIO’KMBAHHS TEIUIOBOT eHepril
Ha OmajieHHs Oy/IiBesb P 30€peKeHHI HEOOXITHOTO TEMITEPATYPHOTO PEXKUMY B OTIATFOBAHUX MPUMIIICHHSX.
KiiouoBi ciioBa: eHeprozoepexeHHs, Terio3ade3neyeH s, Mo/iesb, HeuiTKa JIOTiKa, MiATPUMKa MPUHHATTS PillieHb.
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MOJIEJb NOIJJAEPKKHU INTPUHATUA PEIIEHWH ITPU YIIPABJIEHUHN

HEHTPAJIN3UPOBAHHBIM TEIIVIOOBECIIEYEHUEM HA CTOPOHE
INOTPEBUTEJIA

Jlnst 5 PeKTHBHOTO yIpaBlIeHHUs LEHTPATH30BaHHbIM TEINIOCHAOKEHHEM Ha CTOPOHE MOTPeOUTeNss HEOOXOAMMO BHEIPATH CHCTEMY
9HEPreTHYECKOr0 MEHEKMEHTa KaK MHCTPYMEHT JOCTHYKEHHUS 1IENU COKPALICHHs OTPEOICHHUS SHEPTeTHYECKUX PECYpPCOB MyTEM MX
PaLMOHATILHOTO HCIIOJIb30BaHUsI. BHEPEHNHE CHCTEMBl DHEPreTHYECKOr0 MEHEIKMEHTa TPeOyeT OCYIECTBICHUS KOHTPOISI, ydeTa,
aHalmM3a M TPUHITHS PELICHHH NpPH YIpaBiIeHHH CHCTeMO#l TeruocHaOxeHus. IIpeaMeToM TaHHOTO HCCICIOBAHHS SIBISICTCS
uH(pOpMAIMOHHOE 00€eCIeUeHre MOIEPKKU IPHHATHS PELICHUI [IPU YIIPABICHAH [IEHTPAIN30BaHHBIM TeruiocHabkenneM. Ilesbio
paboTHI SIBISIETCST pa3paboTKa MOJIENH MOIEPIKKHI TIPHHSTUS PEIICHUN TP YIIPABJICHUH PEKAMAMHE TEIIO00ECTICUYEHUS] Ha CTOPOHE
notpeburessi. 3agavd MCCJIEIOBAHMS 3aKIFOYAIOTCST B BBIOOPE METOMOB, pa3paboTke Mojean (OPMHUPOBAHHS PEUICHHs IpU
VIIPaBJIEHUH PEKUMAMU TEIUI000ECHeUeHHsT U peajn3allid €€ B CHCTEME MOIIEPIKKH NMPUHATHs perneHuii. [IpoBenen aHamm3
COBPEMEHHOTO COCTOSIHHSI TIPUMEHEHUSI HH(POPMAIMOHHBIX TEXHOJIOTHIA JIJIsl PEIICHUS 3a1a49d TIO0UIEPIKKU TIPUHSTHSI PEICHUI MpU
YIIPaBJICHUH LEHTPATH30BaHHBIM TeIUIOCHA0KeHHeM. Pa3paboTana MOIENb ONpe/IeIeH s PEryIMpPYyOLIEro mapaMmerpa Uisi yCTaHOBKU
HEOOXOIMMOTr0 PEXKUMa TEIIO0OECTICUeHUsI ¢ MCIOIb30BaHHEM METOJ0B TEOPHH HEYETKHMX MHOMKECTB M HEueTKo# joruku. Ha
OCHOBE IKCIIEPTHOTO OIPOCA OMPEIeTICHbI TEPM-MHOKECTBA JINHIBUCTUICCKUX MEPEMEHHBIX MOJISIH HEYETKOTO JJOTHYECKOTO BBIBOIA
pelieHrs M0 YIPaBICHHIO PEKHUMAMU TEII000eCeYeHHUsI, MOCTPOCHbI (YHKUIUHM MPUHAIOKHOCTH KaXKIOW JMHTBHCTHYECKOM
MEPEeMEHHON MOJIEJIM W TPaBUJIa JIOTHYECKOTO BBIBOJA pelIeHUs. Pe3yJbTaToM paboThl MOJIENN SBISIETCS PEKOMEHIAIHS 110
PETyJIMPOBAaHUIO TEKYIIETO pPEXHMa TEIUIOOCCIICUCHUs, KOTOPBI MOXKET MNPHHUMATh 3HAYCHUS 'HIDKE HEO00XO0AUMOro",
"nmonmycTuMbIA", "ONTUMANBHBINA", "MPEBBINIACT ONTHMAIBHBIA" 10 HEOOXOJHUMOTO CPEIM BO3MOXHBIX 3HAYCHWH ''MOMYCTHMBINA",
"ONTHMaJIBHBIN" B 3aBHCUMOCTH OT TEeMIIEPaTyPHBIX YCIOBHH OKpy»Karomieil cpensl "odeHp Xoia0aHo", "XoxonHo", "ymMepeHHo" mim
"reruno"”. Pa3paboTaHHyI0 MOJIEh PEaM30BaHO B MH(DOPMAIIMOHHON TEXHOJIOTHHU TOAJIEPKKHA MPUHATHS PEIICHUH TPH YIPaBICHUH
TEIJIOCHAOKCHUEM OOBEKTOB COLMANIBbHO-0I0/pKeTHOM cdepsl. Ha OCHOBe ATOH TEXHOJOTMH pa3padoTaHa CHCTEMa TMOICPIKKH
NPUHATHS ~ PEUICHHH, KoTopas oOeclieyrMBaeT aBTOMATHU3AIMIO 337a4  MOHHTOPDHUHTA TEKYIIEro COCTOSHHS — CHCTEMBI
TEII000eCTIeueHus], OLEHKU IPOTHO3UPYEMOT0 00beMa MOTPeOIeH s TeIUIOBOW SHEPTHH, a TAKXKe MOAACPIKKH MPHHATHS PEIICHHUIA
10 YNPaBJICHUIO TEIUIOCHAOKEHUEM Ha CTOpPOHE MOTpeOuTeNs. lcrnonp3oBaHue pa3pabOTaHHOW MOJEIH B COCTABE CHUCTEMBI
MOJICP)KKU TIPUHATHS PCIICHUN MPH YIPABJICHUH TEIUIOCHA0KCHUEM Ha CTOPOHE MOTPEOUTENS TMO3BOJSET JOCTHYL YMCHBIICHHS
YPOBHSI MOTPEOJICHUsT TEIJIOBOW SHEPTUM HA OTOIUICHHE 3JAHUN TP COXPAHCHUH HEOOXOJMMOIO TEMIICPaTypHOrO pekXuMma B
OTAIUINBACMBIX TOMCIICHHSX.
KuaroueBble cioBa: sHEprocoepexeHne, TeruoodecnedeH e, Moes b, HeUeTKast JIOTHKa, MOIAEPKKA IPHHSITUS PEIICHHH.
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