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EXPLORING THE POSSIBILITIES OF SMART
AND RENEWABLE TECHNOLOGIES FOR
THE MODERNIZATION OF INDUSTRIAL
HEAT POWER PLANTS

The article considers issues related to the modernization of energy
technologies. To increase the efficiency of energy resources, operational
reliability, loss reduction and environmental safety, the possibilities of
trigeneration using fuel cells, hydrogen technologies and RES components,
which is expedient to use for the production of additional electricity,
are considered. The possibilities of innovative energy components for
their integration into traditional power generation systems are shown,
simulation schemes and calculation results are given. Modernization of the
technological scheme of the traditional industrial thermal power system
(ITPS), such as CHP type, to increase its efficiency to 55—65 %. Figure
1 shows the structure of the integrated system, which provides efficiency
up to 55 to 65 %. In this integrated system, which makes full use of the
available RES resources and other components adopted in the scheme in
the figure, the increase in efficiency is achieved through two new factors:
a more flexible, intelligent control of the flow of electric energy through
the introduction of a new digital smart block «Flexible Electricity» and
a new additional technological connection from this block to the block
«Mobility», which carries out an effective supply of electric energy of all
available mobile devices ITPS.

Keywords: energy, coal-fired industrial thermal power system,
efficiency, modernization, cogeneration, trigeneration, fuel cell, energy
storage systems, RES, simulation, MatlabSimulink.

Introduction

Modernization of the technological scheme of the traditional industrial

thermal power system (ITPS), such as CHP type, to increase its efficiency to
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55-65 %. Figure 1 shows the structure of the integrated system, which provides
efficiency up to 55 to 65 %. In this integrated system, which makes full use of the
available RES resources and other components adopted in the scheme in the figure,
the increase in efficiency is achieved through two new factors: a more flexible,
intelligent control of the flow of electric energy through the introduction of a
new digital smart block «Flexible Electricity» and a new additional technological
connection from this block to the block «Mobility», which carries out an effective
supply of electric energy of all available mobile devices ITPS.
Materials and methods

Figure 1 — Modernization by increasing up to (55...65) %
of ITPS efficiency by smart energy management technologies

The integrated ITPS also uses the available RES resources: wind, solar and
other technologically available from potentially available for the given conditions
of ITPS digital smart components.

Simulation models of elements of technological schemes of ITPS with digital,
smart and renewable energy components. Figure 2 shows a diagram of a digital
model of the cooling system, which can be used for simulation calculations of
thermal processes of ITPS, for example, to study the processes of use of secondary
heat resources in the ITPS elements to create useful energy in the own needs of
ITPS components, as shown, in particular, in the schemes in the figures in the

previous sections of this paper.
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Figure 2 — Schematic of the simulation model for the beneficial use of the
secondary heat of the ITPS elements

And in Figure 3, from top to bottom, the calculated curves are shown as
illustrations:

- blower fan characteristics (curves A) for the removal and further beneficial
use of secondary heat, presented as a family of pressure-volume curves of the
pumped air heat transfer fluid, calculated for various operating steady-state fan
speeds of 3000 rpm, 2500 rpm, and 2000 rpm for the heat exchanger;

- dependences of temperatures, degC for three variants (respectively, curves B,
D, F) of varying and below cyclic control laws (respectively, curves C, E, G) of the
power controller of the fan, which carries out useful heat removal of the ITPS element.

(A)

(B)
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Figure 3 — Calculated curves of dynamic processes of the simulation model for

the beneficial use of secondary heat of the ITPS elements at various parameters
of the air-gas flow of the heat exchanger and various laws of digital control

Figure 4 shows, for example, curves (from top to bottom) of dynamic
processes in various elements of the power and, especially, information part,
including digital information sensors, digital controllers and other elements of
the digital system; the scheme of the simulation model is shown in the figure
above. A detailed description of the parameters of each curve is shown in the
figure, column on the left. These curves are given here only to illustrate all the
possibilities of the above simulation model. A detailed, detailed description of these
curves is not given in the work. However, if necessary, all processes of interest
and curves describing them can be easily obtained from this model, including for
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other, requiring more detailed study of various options of parameters of a particular
digitally controlled ITPS technological installation, both traditional and when
using smart and RES components.
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Figure 4 — Illustrative calculated values of dynamic parameters

Results and discussion

Figure 5 shows the design diagram of the model of digital energy system
with fuel cells of energy generation, energy storage and storage systems based
on a supercapacitor and battery, digital power semiconductor energy converters,
three-phase AC load, simulating own needs of ITPS, and information and control
electronic devices that coordinate all subsystems: generation, transmission-
distribution, storage and control of load of own needs of ITPS.
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(A)

B)

©
Figure 5 — Model of digital energy system with fuel cells
and energy storage systems
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Conclusions

Figure 6 shows from top to bottom screen copies of oscillograms of calculated
curves: power (curves A), capacitor power, battery power (curves B), current and
voltage (curves C). These curves were obtained for the model of energy storage
system with supercapacitor and battery, which is RES, smart and digital component
of ITPS. The model of digital energy system with fuel cells and energy storage
systems is shown in Figure 5.

(A)

B

©)
Figure 6 — Calculated oscillograms of dynamic processes in the energy
storage system with a supercapacitor and a storage battery
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OHEPKOCIIITIK KbLTY 9JIEKTP CTAHIIUAJIAPBIH
KAHFBIPTY YIIIH 3UATKEPJIIK )KOHE ) KAHAPTBIJIATBIH
TEXHOJIOI'UAJAPJABIH MYMKIHAIKTEPIH 3EPTTEY

Makanada snepzemuKkanvly mexHoI02UALAPObL AHCAHSLIPMY2A
batinanvicmel Moceneep Kapacmulpuliadvl. Dnepaus pecypcmapbii
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navoanrany muiMoiniein, naudalany ceHiMOLLIZIH apmmulpy, Wbl2bIHOAPObL
azaumy JHCoHe IKOJLOSUSLIbIK KAYInci30ikmi apmmplpy YUliH KOCbLMUUA
KNP IHEPUSICHIH OHOIPY YUliH NATIOANAHY OPbIHObI OMbIH DIEMEHIMMEDIH,
cymeei mexnonozusnapvin scone KIK xomnonenmmepin naiioarana
OMbIPbLIN, yuleeHepayust MyMKiHOIkmepi Kapacmuipuliadvl. MHHOSayusbIK
SHEP2EMUK ALK, KOMIOHEHMMePOIH 0apObl JeKMpP SHePSUSICIH OHOIPYOiH
dacmypai Jcylesiepine uHmezpayusiay MyMKIHOIKmepi KopcemiieH,
MoOenvoey cxemanapvl MeH ecenmey Homuoicenepi keamipineen. K30
cusikmol 0ocmypii OHepKoCinmik JHewiy-3Hepeemukanvik xcytieniy (MTIC)
MEXHONOSUSIbIK, CXeMACHIH OHbIY MUIMOLIiciH 55—65 %-2a deilin apmmuipy
yutin srcayevipmy. 1-cypemme muimoiniei 55—65 % Oeilin kammamacoi3
ememin UHMe2PAYUANAH2AH HCYUeHIH KYpblibimbl kepcemineeH. Kon
arcemimoi IKOK pecypcmapvin dicone cypemmeei cxemaoa KabwlioaHeau
backa koMnoHenmmepOi MOAbIK RAUOAIAHAMBIH OCbl UHMESPAYUSLIAHSAH
Jicytiede MUIMOLIIKMIY MHCO2apPbLIAYbIHA eKi HCana akmop ocep emeoi:
JHCAHA CAHObIK, AKbLIObI KUKEMOL 2eKMP» OL02bIH eH2i3y ApPKbLIbL DIEKIMp
IHEPSUSICHIHBIY A2bIHbIH HEe2YPIbIM UKEMOI UHMENIeKmMYyaiobl 6ackapy
arcone ocvl broxman JKana Kocelmuia mexnonocusivblK, KocoLiy. Oapvik KOl
orcemimoi ITPS mobunv0i KypolizbliapblHa 3JeKmp IHEPSUSLCLIH MUIMOL
JHcemKizy0i dicy3eze acblpamuii «YMKbIPAbIKY ON02bl.

Kinmmi ce3dep: snwepeemuxa, KOMIpMeH JHCYMbIC [CMeEUMIH
OHEPKOCINMIK JHCHLLY IHEPSEMUKANBIK HCYle, MUIMOLLIK, JHCAHZbIPMY,
KoceHepayus, mpuceHepayus, omolH djJeMeHmi, dIHepeUsnsl CaKkmay
arcyuenepi, JKOK, mooenvoey, MatlabSimulink.

*B. Menvnuxos', O. Tanunoé’, FO. Kubapmene®, E. Hcenos®
1.234TopaliTbIPOB YHUBEPCHUTET,

Pecny6nuka Kazaxcraw, r. [TaBnogap.

Martepuan noctynui B pepakuuto 28.11.21.

U3YYEHUE BO3MOXXHOCTEMA UHTEJUIEKTYAJBHBIX U
BO30OBHOBJISIEMBIX TEXHOJIOI'M# JIJIA MOJIEPHU3ALIAA
MPOMBIIIJIEHHBIX TEIJIOBBIX JIEKTPOCTAHIIAM

B cmamve paccmampusaiomes sonpocul, césizanHbie ¢ MOOepHU3AYUEl
IHepeemuyeckux mexuonozutl. /s nogviuienus s¢pexmuenocmu
UCNONb30BAHUS IHEP2OPECYPCO8, IKCHAYAMAYUOHHOU HAOEICHOCU,
CHUDICEHUS] NOMEPL U IKOTOSUHECKOU OE30NACHOCMU PACCMAMPUBAIOMCS
803MOJICHOCIU MPULEHEPAYUU C UCNONbIOBAHUEM MONIUBHBIX DJIEMEHINOS,
6000POOHBIX MEXHOIO2UL U KoMnoHeHmos BUD, komopule yenecoobpasno
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UCNONB308AMb 051 NPOU3EOOCHEA OONOIHUMENLHOU JJEKMPOIHEPSUL.
Toxasanwi 603MONHCHOCIIU UHHOBAYUOHHBIX IHEPLEMUUECKUX KOMIOHEHMO8
0Nl ux uHmezpayuu 6 MpaouyuoHHble CUCMEMbl 8bIpADOMKU
INEKMPOIHEP2UU, NPUBLOCHBL CXEMbl MOOETUPOBAHUSL U Pe3YIbINaAmbl
pacuemos. Mooepruzayusi MexHoI02UYECKOl cXxembl MPAOUYUOHHOU
npomvluienHol menaosHepeemuyeckoti cucmemvl (MTIC), maxou kax TOL],
0131 nosvluteHusl ee g pexmusrocmu 00 55—65 %. Ha pucyure 1 nokazana
CMpYKmypa uHmezpupo8antou cucmemsvl, komopas obecneyusaem KIIJ]
00 55—65 %. B smou unmezpuposannoll cucmeme, KOmopas 6 NOJIHOU Mepe
ucnonwvsyem oocmynuvie pecypcovl BUD u opyeue komnonenmol, npunsmoie
6 cxeme Ha pucymke, nogvlilenue d¢hdexmusHocmu 00Cmueaemcs 3a
cuem 08YX HOBbIX (paxmopog: 6ojee 2ubK020 UHMENLIEKMYAIbHO20
YNpaeneHus NOMOKOM 2JeKMPOIHeP2UL 3d cuem GHeOpPeHUs. HOB8020
yughposozo unmeneKmyanbHozo o1o0ka «I ubkoe 2reKmpu4ecmeo» u Hogo2o
OONOHUMENBHO20 MEXHOL02UHECKO20 NOOKTIOUEHUsl OM 3M020 ON0KA K
o110Ky « MobunbHOCMbY, KOMOPWILL OCYUecmeansem 3QhHexmusHyo nooayy
NEKMPOIHEP2UU BCeX OOCMYNHBIX MOOUIbHBIX yempoticms ITPS.

Knrouesvie cnosa: snepeemura, npomMbludieHHast Meni03HEPSemuYecKast
cucmema, pabomaiowas Ha yeie, dQoexmusHocms, MOOEPHUZAYUSL,
KO2eHepayusl, mpuzeHepayus, MonIueHull dJeMeHm, CUCeMbl XPAHEHUs]
anepeuu, BUD, mooeruposanue, MatlabSimulink.
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