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Huceprariis Ha 3100yTTS HAYKOBOT'O CTyMEHs JTOKTOopa (dhiocodii 3a
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— Opecwkuii HatioHATBHUH ToiTexHIYHNN yHIBepcuteT MOH Ykpainu, Oneca,
2020.

Hucepraiiitna poOoTa MpUCBAYEHA YAOCKOHAJIEHHIO METOAIB 1 MOJEIEeH
aBTOMATHU30BAHOTO YIIPaBIIHHS €HEPTETUYHOIO YCTAHOBKOIO, SIKa BUKOPHUCTOBYE
BIJTHOBJIIOBAJIbHI JKEpena €HEeprii s MiATpUMaHHs OajlaHCy €HEepreTHYHOi
cuctemu. lle cTae MOXIMBUM 3aBASKH TIONIYKY HAWKpaIoi CTPYKTYypH
CKJIQJIOBUX YAaCTHMH YCTAaHOBKU 13 TIJABUIICHHSAM IXHBOI EHEPreTHYHOI
€()eKTUBHOCTI 1 IEPEMIILIEHHAM TaKOi YCTAHOBKH B KJIac peryjJbOBaHUX.

Y  nmepmiomy po3mini  «JlochaipKeHHs TUTAHHS NP0 MOMIIUBICTD
PETYJIIOBAHHS €MHOT €HEPreTUYHOI CHUCTEMH 3a JOTIOMOTOI0 MOHOBIIOBAHUX
JDKEepes €Hepriiy:

— TIPOBEACHO aHal3 MOXJIMBOCTI PETYJIIOBAaHHA EHEPrOCHUCTEMHU
yCTaHOBKaMu Oyab-sikoro tumy. [lokazaHo, 1o iCHye TrpaHUYHA KUIBKICTh
CHEPreTUYHUX YCTAaHOBOK, SKi HE JUCHEeT4Yepu3yroThcs. [li  ycTaHOBKH
BUKOPUCTOBYIOTh TTOHOBJIIOBAHI JDKEpeENia €HEprii, TOXK MEPEeBHUIIEHHS iXHBOI
KUIBKOCT1 1CTOTHO 3MEHUIY€E BJIACTMBOCTI PETYJIIOBAaHHS E€HEPrOCUCTEMU 1, SIK
HacHioK, ii edextuBHICTh. Ilpouecu aBToMaru3allii yCTaHOBOK, IO HE
JTUCTIETYCPU3YIOThCS, HE BIAMOBIAAIOTH CTAaHAAPTHUM TMpuiiomam. A B pasi
eKCIUTyaTallii CHiIbHO 3 YCTAaHOBKOIO, SIKa aKyMYJIO€, BUHHUKA€ HEPO3B’s3HA
MPIOPUTETHICTh BUPIMICHHS TaKWUX 3aBJIaHb: a00 PEryJoBaTH aKyMYJISTOP, 110

3apAKAETBCS, a00 MATPUMYBATH OalaHC CIHOKMBAHHS EHEPrOCUCTEMH,



Oepyun 10 yBaru Tou (akT, IO Kepykoda CHCTeMa Ma€ JIUIIEe MPOTHO3HY abo
CTaTUCTUYHY 1H(OpMaIIito Mpo MalOyTHI 30BHIITHI 30ypeHHS.

['ocTpoTa 1 BaKIMBICTh BUPIMIEHHS TAaKOTO 3aBIAaHHS BU3HAYAETHCS THM,
0 CHOTOAHI BIACYTHE HOTO pO3B’SI3aHHS HAa HAyKOBOMY pIiBHI, a Ha
1H)KEHEpHOMY BOHO BHUPIIIYEThCS 1HTYITHBHO. [Ipy 11bOMY IPaKTUYHO BiJICYTHI
MOJENl Ta METOAW, SKI HAJaloTh MOXJIMBICTh IMOIIYKY KOMII IOT€PHO-
IHTErPOBAHOIO CUCTEMOIO YIIPaBIIHHS HANKpaIIoi CTPYKTYpPH €HEProyCTaHOBOK
JUTst 3a0e31eueHHs OallaHCy eHEPreTUYHOI CUCTEMU;

— PO3pOOJICHO METON eKCIpec-aHalidy, IO BHU3HAYA€ MPHUIATHICTH
C€HEPreTUYHUX YCTAHOBOK PI3HUX BUIIB IS KOMIeHcallli 30ypeHb B
€HEepreTUYHI1M CUCTEMI, 3aJIeKHO BiJI iXHIX TMHAMIYHUX XapaKTEPHUCTHK;

— MOKA3aHO NEPCHEKTUBHICTh BUKOPUCTAHHS O10TEHKOBUX TEXHOJIOT1H SIK
0COOJIMBOTO KJIACy €HEPreTMYHUX YCTAHOBOK 3 MOHOBIIIOBAHUMHU JIXKEpEIaMU
eneprii 3a mozepHizauii KICY, sgxa n03BONUTH BUKOPUCTOBYBATH HE JIUIIE
OlomeTaH, a i 1HII MPOAYKTH O10TEXHOJOTTYHOTO TOXOKEHHS B CHEPTCTHIII;

— OOIPYHTOBAHO CTPYKTYpPY 1 C(hOPMYJILOBAHO 3aBJIaHHS JIUCEPTAIIITHOTO
JOCJIIIDKCHHS, SIKE€ TMOJsrae y po3poOiil METOAIB 1 MOJAEIe aBTOMAaTHU30BAHOTO
YIPaBIiHHSI €HEPreTUYHOI YCTAaHOBKOIO, II0 BUKOPHUCTOBYE BiHOBIIIOBAJIbHI
JoKepena eHeprii, Juisl MATPUMKH OallaHCy eHepreTHdHoi cuctemu. Lleit Oananc
3MIMCHIOETHCS 32 PAXyHOK TMONIYKY HAWKpAIIOi CTPYKTYpH CKIIAJIOBUX YACTUH
YCTaHOBKH, III0 MiJABHUINYE i €HEPreTHUHy €PEKTUBHICTh 1 JormoMarae HaOyTH
BJIACTUBICTHb KEPOBAHOCTI.

Y npyromy posmini «ImitamiiiHa Mozens 010Ta30BOi YCTAaHOBKH SIK
00’€KTa KEpyBaHHS» OJIEPKAHO TaKl pe3yJbTaTu:

— pO3pOo0JIEHO METOJA MOJEIIOBAHHS CKIAAy Ta MEpPETBOPEHHS PEYOBHUH
010ora3oBOi TEXHOJOTIi 3 TIOHOBIIOBAHMMH JDKEpellaMyd €Heprii, a came
30pO/KEHOTO 3QJIMIIKY Ta CHHTE3-Ta3y, MOJICIbHUM YSBJICHHSIM YMOBHOIO
dopmynoro. [eit MeTo BUKOPUCTOBYE 3aKOHU XIMIYHOT KIHETHKH, 30€peKEeHHS

pedyoBMHU 1 OalaHCcy MAaKCUMaJIbHUX BAJIEHTHOCTEH OKHCIIOBAJIBHUX 1



BIIHOBHHUX €JIEMEHTIB, IO JAJ0 3MOTY PO3paxyBaTd TPaHUYHY TEIIOTBOPHY
3IaTHICTh CYMIIIICH OpraHIYHUX PEUOBHH;

— po3p0o0JIeHO MaTEMaTUIHY MOJICTh JIJIsl aHAJI3y €(PEKTUBHOCTI TPOIECY
mipomizy 30pOPKEHOTO 3aluIiKy 3 010ra30BUX YCTAaHOBOK Yy Iieyi, IO
JIOTIOBHUJIO Ta30BY CKJIAJIOBY, a Y CXeMy O10TE€XHOJIOT1YHOT YCTAHOBKHU J0JIaHO
peryiboBaHui 00’ €KT YIPABIIHHSA y BUIJISL M€Yl MIPOIi3y;

— T Yac BHUPINICHHS peaIbHUX TEXHOJOTIYHUX 3a7ay JI0JaTKOBO OYJIO
3HANIEHO MOXKIIMBICTh OJEPKAHHS JIEAKOI KIJTBKOCTI BYTJIMCTOTO 3aJIMIIKY Ta
CMOJIM 3a MPOBEACHHS MIPOJIi3y 30POKEHOTO 3aTUIIKY.

B tpetboMy po3aisii « ABTOMaTU30BaHa CUCTEMA PETYIIOBAHHS MPOIIECOM
MepepoOKH OpraHiyHOi CUPOBHMHM Ha 0a3l Mozem iAeHTU(IKalli CcKiIamy
MPOJIYKTIB MOBUIBHOTO MIPOJII3y» BUKOHAHO TaKe:

— T Yac JOCTIHKEHb 3HANACHO MOJXKIIMBICTH PO3POOKH iIMITAIiHOT
MOJIEl TPOIECy MipoJii3y, M0 Ja€ 3MOTYy OTpUMATH CKiIajJ MNPOIYKT-Tazy 3
MaKCHUMaJIbHOIO ~ TEIUIOTBOPHOIO  3JATHICTIO 32 MIHIMAQJIbHOI  KUIBKOCTI
BYIJIMCTOTO 3QJIMIIIKY 3aJI€KHO B1J] CKJIaJly BUX1JTHOI CHPOBUHH,

— 3HAHJEHO BHUpPINIEHHSA NpoOiieMH KOMIleHcalli 30ypeHHS B
aBTOMATU30BaHIM CHUCTEMI YTMPABIIHHA 33 XIMIYHUM CKJIaJIOM 30pOKEHOTrO
3aUIIKy Ha OCHOBI MOJEl BHM3HAUEHHS CKJIaay MalbHOTO 32 PaxyHOK
BUKOPUCTAHHS HAJJUIIKOBUX BHUMIPIOBaHb BUTpATH TajuBa, TMOBITPSA 1
TEMIIEpaTypy TMOJIyM’sl B 130€HTAJBIIIMHOMY MPUCTPOI, IO A€ 3MOTY 3HANTH
CTIKE pIMIEHHS JJIsl CIIBBIJHOIICHHS 30pOKEHUM 3aJIMIIOK — TOBITPS IS
neyi miposizy;

— 3amporOHOBAaHO aBTOMATH30BaHY CHUCTEMY YIMPaBIiHHSI YCTaHOBKOIO
NOBUIBHOTO MIPOdi3y IJIsl OJepKaHHS MPOAYKT-Tazy. Meroa ympaBiiHHS
MOBUIBHOTO TMIPOJi3y 30pOPKEHOT0 3ajMIIKy 3ale3rneuye 3aJaHi BUTPATU

MPOJIYKT-Ta3y B pa3l HAHECEHHS 30yPEHHs CKJIaJI0M BUX1IHOI CHPOBUHH.



B uerBeproMy poszaini «Meron MOIIyKy HAWKpaIIOro pIilIeHHS s
KEpYyBaHHS CTPYKTYpOIO OIlO€HEpPreTUYHOI YCTAHOBKW» JIOCATHYTa MeETa
aucepTaliitHoi poboTu, a came:

— 3ampoONOHOBAHO IIJILOBY (YHKIIIO, sIKa BpPaxoBye€ e()EKTUBHICTH
eKCIUTyaTallii pi3HUX CTPYKTYpPHUX KOMOIHAIIi €HEPreTUYHUMHU YCTaHOBKaMH,
IO MPAIIOIOTh Y CUCTEMI, 3 METOI0 CTBOPEHHS CTPYKTYpU TEXHIUHUX 3acO01B,
SAKUM IIpUTaMaHHa BJIACTUBICTh PETYIIOBAHHS;

— po3po0JEHO METOJI MOUIYKY HaMKpamoi CTPYKTypH €HEpreTUYHUX
YCTaHOBOK, 1[0 BU3HAYA€ MPUJATHICTh EHEPTeTUYHUX YCTAHOBOK PI3HUX BH/IIB,
3aJIEKHO BiJ] IXHIX JUHAMIYHUX XapaKTEPUCTHK, JJII MOXIMBOCTI KOMIEHcAIl1
30ypeHb;

— MOUIYK MAaKCUMyMYy L1IbOBOi (DYHKIIII HABEJIEHO B PEKHUMI PEATBHOTO
gacy poootu KICY mnig yac mepexinnux mpoieciB. [licisa HaneceHHs 30ypeHb
pPO3paxoBYIOTbCS MOXJIMBI KOH(irypailii €HepreTM4HoOi YCTaHOBKH abo ii
CKJIaJIOBUX, SIKUM INpUTaMaHHA BJIACTUBICTb PETYJIIOBAaHHA NI 3a0e3MeyeHHs
OaJlaHCy MIK BHPOOHHMIITBOM 1 cCHOXHBaHHSAM enekTpuyHoi eHeprii. KICK
00’eqHye B €001 po3paxyHKH €(EeKTUBHOCTI KOXHOI YCTAHOBKM a0o ii
CKJIQJIOBUX 1 3arajibHy CUCTEMHY MOTpeOy a0o0 3aBaaHHs Ha BUPOOHUIITBO. [[s
MPUBEIAEHHS  PI3HUX  BapiaHTIB  PO3PAXyHKIB 10  PIBHOTO  €(eKTy
BUKOPHUCTOBYETHCS KPUTEPIH 3aMUKAIOUUX BUTPAT €HEPIii, 110 J03BOJISIE 3BECTU
3aja4y J0 OJIHOTO apryMeHTy (4Yacy), 1 3HaXOJIUTH MaKCUMaJlbHE 3HAYEHHS
(GyHKUIT 32 OyAb-sIKUX 30BHIIIHIX 30ypEHb;

— TIOKa3aHO TiepeBary po3po0JIEHOTO METOAy MOUIYKY HaWKpalioro
pILIEHHS TOPIBHSIHO 3 BIAOMHUMH.

KawuoBi caoBa: ACY, jmxepena  BIJHOBIIOBAJIBHOI  €HEPTIi;
imeHTrdIKaris 30pOIKEHOT0 3aJMIIKY, MPOMYKT-ra3, 0ajaHC €HEPrOCUCTEMH,
KICK, xepyBaHHSI 3MIHOIO CTPYKTYpH, IIbOBa (PYHKIIiS, Miposi3, O10TEHKOBA

TEXHOJIOT1sI, 3aMUKaI04l BUTPATH €HEPT1I.
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ABSTRACT

Maksymov M. M. Improving the energy efficiency of biogas technology
via searching for the best structure of its power plants by computer-integrated
control system. — Qualifying scientific work on the rights of the manuscript.

Dissertation for Philosophy Doctor degree by specialty 151 — Automation
and computer- integrated technologies. Odesa National Polytechnic University
of Ministry of Education and Science of Ukraine, Odesa, 2020.

The dissertation is devoted to solving the actual scientific and technical

task of modernizing the automated control system of a steam boiler by


http://ir.stu.cn.ua/handle/123456789/18207

identifying the variable composition of the oxygen-containing hydrocarbon fuel
during operation at all levels of power.

The dissertation is devoted for methods and models improvement of
automated control of the power plant, which uses renewable energy sources to
maintain the balance of the energy system. This become possible by searching
the best structure for the components of the plant while increasing its energy
efficiency and moving such plant into regulated class.

In the first section "Status of the issue about possibility of regulating the
energy system using renewable energy sources" had been done the following:

— there had been done an analysis of energy system regulation possibility
by any type of plant. It is shown that there is a limit number of non-dispatchable
power plants. These plants use renewable energy sources and exceeding its
amount is reducing their power control properties and, consequently, its
efficiency. The processes of automation of non-dispatching plants do not match
standard techniques. And in case of operation together with the plant, which
accumulates, there is an insolvable priority to manage the following problems.
Either adjusting the rechargeable battery or maintain the power consumption
balance, taking into account the fact that the control system has only predictive
or statistical information about future external disturbances. The severity and
importance of solving this problem is determined by the fact that for the time
being solution is absent at the scientific level, and at the engineering level- it is
solved only intuitively. At the same time there are almost no models and
methods that will make it possible to find a computer-integrated control system
for the best structure of power plants to ensure the balance of the energy system.

— developed method of express-analysis, which determines the suitability
of power plants of different types for the possibility of compensation for
disturbances in the energy system, depending on their dynamic characteristics;

— it is shown the prospect of using biotank technologies as a special class

of renewable energy power plants in the case of modernization of CISU, which



will allow to use not only biomethane but also another biotechnological
products in power engineering;

— the structure is substantiated and the thesis of the dissertation is
formulated, which consists in the development of methods and models of
automated control of the power plant, which uses renewable energy sources to
maintain the balance of the energy system. This balance is achieved by finding
the best structure of the components of the installation, which increases its
energy efficiency and makes it possible to acquire controllability.

In the second section "Simulation model of biogas plant as an object of
control™ the following results had been obtained:

— a method of modelling the composition and transformation of
substances of biogas technology with renewable energy sources, namely
fermented residue and synthesis-gas by model representation formula. This
method uses the laws of chemical kinetics, preservation of matter and the
balance of maximum valences of oxidizing and renewing elements, which made
it possible to calculate the value limitation of mixtures of organic substances;

— a mathematical model was developed to analyse the efficiency of the
pyrolysis process of the fermented residue from the biogas plants in the furnace,
which supplemented the gas component, and in regulated control form object of
a pyrolysis furnace to the scheme of the biotechnological plant was added;

— when solving real technological problems, it was additionally obtained
possibility of getting some amount of carbon residue and resin during pyrolysis
of the fermented residue.

In the third section "ACP process of organic raw materials processing
based on the model of identification of the slow pyrolysis products
composition" the following had been done:

— during the researches the possibility of developing a simulation model

of the pyrolysis process was found, which allows to obtain the product-gas



composition with the maximum calorific value at the minimum amount of
carbon residue, depending on the composition of the raw material,

— the solution of the problem of compensation of perturbation in the
automated control system for the chemical composition of the fermented residue
Is found on the basis of the model of determination of the fuel composition by
using excess measurements of fuel consumption, air and the flame temperature
in the isoenthalpic device, which allows to find a stable solution for the ratio of
the fermented residue - air of pyrolysis furnace;

— an automated control system of slow pyrolysis plant for product gas
production is proposed. The method of controlling the slow pyrolysis of the
fermented residue provides a predetermined cost of product-gas in the case of
perturbation of the composition of the raw material.

In the fourth section "The method of searching the best solution for
control the structure of the bioenergy plant" the goal of the dissertation was
achieved, namely:

— a purpose function is advised, which takes into account the efficiency of
operation of various structural combinations with power units operating in the
system with the purpose of creating a structure of technical means, which has a
property of regulation;

— the method of searching the best structure of power plants was
developed, which determines the suitability of power plants of different types
depending on their dynamic characteristics, in order to compensate the
disturbances;

— searching the maximum of the objective function is given in real-time
work of CISU during transients. After the disturbance is applied, the possible
configurations of the power plant or its component are calculated, which have
the property of regulation to ensure a balance between the production and
consumption of electricity. KISU combines the calculations of the efficiency of

each plant or its components and the overall system requirement or production



task. To bring different variants of calculations to equal effect, the criterion of
trailing energy costs is used, which allows to solve the issue to one argument
(time) and to find the maximum value of the function if any external
perturbations;

— it is shown the advantage of the developed method of finding the best
solution compare with known ones.

Keywords: ACS, renewable energy sources, identification of fermented
residue, product-gas, balance of energy system, CISU, structure changing

control, target function, pyrolysis, biotank technology, trailing energy costs.
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