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CTAHOBHILE

RLPXY JHCCPTALHONCH TPYIL 38 npupobuBane na
OOPU3OBATEIIHA N HAYHHA CTENCH Jl0KTop™ B o6nacT na suciie obpasonare 5.
TeXHUHECKH HAYKH, NTPOQECHONAIND HATPABIICHHC 5.4. Eneprernka, AOKTOPCKa TIporpama
L ErepronpeobpasyBaiid TeXHOJOVHH 1 creremu” xnM Kkateapa Enepreraka, Tpakuicku
Yungepeurer-Cr. 3aropa, Pakyirer Texnnka 1 Texnosornm® rp. Moo
ABTOpP HA ANCEPTALMOHHNS TPYIL Mar. HHIK. Huxona Emmnon baitkanos.

Tema Ha AWCEPTALHONHNA TPYA ,AHAING  HA IYCKOBHTE POKNMHU HA KOTIM H3rapsi
SMPHMTHH BbIAMHIA, ¢ LEH NOBWILABAHC HA TAXHATE CKCIUIOATAUMONNA W CKONOTHYHA
CHIYPHOCT,

Unen na Hayunorto xypu: [eopru Msanos Brauer, MK, - Ipohecop.

LACEYATHOCT 1 PAIPAGOTBANNS B AHCCPTALHOTIIN TPY/A upobiem B HAY'HIe o
HAYSHONPHIA0IKHO OTHOMIEHE

[TPCACTABCHHAT 3a CTANOBHING AMCCPTALMONCH TRYA ¢ ofpopmeu B o6em or 155
CTAHJAPTHH  MALIMHONWCHN CTpaHu  C neobxomumurre tabianud W Qurypu, KaTo ca
auasH3Mpany o610 | 50 AUTEPATYPHN HITOUHUKE, OT KOHTY 60 Ha KMPHUITHLA, 8 OCTAHATMTC Ha
naTvHuLna-QHPMH W CTAHJIAPTH, FI0KA3aHKH 4 5 rpapy sa pemasae Ha (HOPMYIMpaHHTE
OCHOBHM 3a7auy, KOWTO ca CBLP3aHM B JIOTMYECKA MOCIEA0BATEANOCT: aKTYanHOCT Ha
npo6ieMa 1 MOCTAHORKA 1A 33/1a4aTa; OMMCANNe Ha ofekTa Ha MicheaBase U npodnemu npu
HCFOBATA SKCILIOATALLAA, AHAMMTHMIM H3UHMCACHHS HA CMHCHHTC TEHCPHPANI fIpH TYCKOBH
pexumu oT kot [1K-38-4; onpejeisine na Toukata HA OpOCHBAHE HA JMMHHTE razoBe Ha
M3XOJA HA M3HECEH BB3AYXOMOArPEBATEN;, WITOTBAHE Ha HOBH anTOPUTMH 33 MyCK HA KOTCA
[TK-38-4 npy H3NHOA3BAHC HA TPUPOACH a3 KaTo pA3NagBalio FoOpHR0, 3aKTIQUCHUC H
npunoxkenne, TemarHkata Ha AMCCPTALMONCH TPyL © aKTyamua, Tbi Karo ¢ CBbp3aHa ¢
H3CAEABANC Ha TIPOLECHTE TPOTHYUALLH TIPH BBBCKIANCTO B eKCIIOATALIKS HA CHEPIUeH KOTeh,
CHEJ MABECTEH NPECTOMH, ¢HH OT HAi—OTIOBOPHUTE W CAMKHH HecTalfoBapHi PEXUMH Ha
paBoTaTa My. Korato To3¢ MPOLKEC € CLHUCTAN W ¢ TIPOMAHA B4 TOPHBOTO, KOETO CE M3IION3BA 32
pasnaNBAHETO My, CE& W3HCKBAT JOMNLAHMTCIRHM QHATMIN H OLEHKH 38 BIMAHMETO Ha TE3H
MPOLCCH BBPXY HEIrOBATA CHIYPHA, epeKTHBHA ¥ CKOJNOTHYHA paGora. llenra Ha
AMCEPTAUMONINS TPYA € A2 Obje OUEHEHO NOBCACHACTO HA EHEPrUHHWTE TaporeHepaTopH,
M3rapALE HUCKOKAUECTBEHN TMTHUTHY BhLIVIHING, TIPH nPOMSIHA HA PA3NanBalioTo rOPHBO (or
Ma3yT Ha TMPHUPOJICH Ta3), C NOMOLLTA Ha ¢CKTUBHOCTHH, CKCIVIOATALHOHHO-HAACKAHOCTHI 1
CKOJIOTMUHM KPUTEPHH.

2.CTeleH Ha MO3HABAHEC CHCTOSIHHETO HA NpohieMa U TBOPHCLKA HHTEPpeTaius
HA AMTEPATYPHUSI MATepuas

Mar. umxk. Hukona Emunop bBaiixanor noxassa suCOKa cTENeH Ha 103HaBaHE
CHCTOAHUCTO W NPOGACMHTC [0 BPEMCTO CBBP3AHK C pa3pafoTBAHETO HA AMCCPTALMOHHHA
TPYA BCICACTBHC Ha roGAnHOTO 3aTOMIAHC M KJIUMATUYHUTC TPOMCHM. Hanonspanara
AuTEpaTypa © CBRP3aNa ¢ TemMara Ha aucepraunaTa. TToapobHO ce € 3an03Hai ¥ H3CCLBaN B
PCAAHO BPCMC 3AMIHATA HA MA3yTa ¢ IPUPOACH a3 KaTo PA3NANBALLO OPHBO Ha CHCPrUHHHUTE
xoran B TEL 8 Mapuua Ustox 2 EAJL Tasu 3aMana oTrosapa 1 ¢ HAJIOKCHA OT HOBUTC



CKONOPHUHE HOPMH M TEH/CHIMHK B 00NACTTA HA CHEPIETHKATE, KaKTO HA eBPOITEICKO, TaKa |
Ha CBETORNO HHBO.
3. CLOTRETCTEHE N WIODANATA METOMKA 1 W3CTCABANC 1 HOCTABEHATA HEST 1
324440 HA FHCEPTANMOIHIS TPYIL ¢ MOCTHITIATHTE NpHioch
MaGpasaTa METOAMKA Ha M3CACABAHC OT JOKTOpaHTH © B THLAHO ChOTBETCTBHE €
pocTapeHata uen u onpeaciennre sanadn, JAoxropantet ¢ MoK YMCHHE # YCIRILIHO
MAMONM3BA  CLBPEMEHNE  COGTYEpHH NPOAYKTH 3a NOCTHTANC JaCHHTE  TIOKA3ATEAN B
OTACHNUTE MIABH HA AMCCPTALMATA,
4, Hayun 1wH nay HonpiiowRas npiuHocH 1na JHCEPTAIMONHNS TPYA
JIOKTOPAHTHT KIACHIUIPA NPHAOCHTE HA JIHCCHTAIIHONNIT CH TPYA KATO HAyWHO W
MEDKEHEPHO  TIPUA0KHK, Karo naxosciaM o ueira | [OCTABEHHTE 3alauy 33 HCHHOTO
peanuippanc Ha 6a3a HA PE3YJTATHTC OT NPOBCACHHTC TEOPETHUHN M SKCTICPHMCHTAIIHHY
paspabOoTIKH NPHEMaM HAITLIIHO PETCHIMNHTE HA aBTOPA 34 IIPHHOCHUTE,
Hayqamo-1puiioRHH TPHHOCH
*(Cpaaet e UHPPOoB CUMYTALIHOHEH MOJICH Ha pafora Ha pasnajaBANIATA TA30BA TOPEJIKA
MOHNTHPAHA HA MOUIEH IIPABOTOKOB CHEPrHEi KOTeil, (C ueropa MOMOIL € W3CNSABAHO H
OLTHMHBHPAHO CMCCBANETO 1A IOPABO-BLHLYIIIATA CMEC, KAKTO H CAMHA IOPHBEN NPOLIEC;
¥ AHQIWTHYHO € ONPE/IICHa TOUKATA Ha OPOCABANE Ha JUIMINTE rasoBe Hph WIrapAane Ha
TEHHO KOTEIHO FOPHBO, NTPHPOICH 13, KAKTO H ITPH CAHOBPEMEHTO M3rapsHe Ha MPUPOJICH 1143
¢ STMPHITHH BLIAILA (B PAIMUHO CHOTHOMICHHE),

*Bpeenct e kpaTepuli 3a Gesormacna pabora na RLIYXONOAPEBATENS, @ MMCHHO!
MHHHMAJIHA TEMICPATYPA HA BH3YXa Ha BXOJ MY, TPH M3Tapsic ia pasiutin rOpHBa {TEUHO
KOTEHO TOPHBO, HPHPOIEH T'a3, CHHOBPCMCHHO H3rapaHe Ha TPUPOLCH '3 W JTHTHATHI
BBLIIMILA B PASSHMEY CHOTHOWCHHA);

(Cpaafed © UAQPOB CHMYNAIMOHEH MOACT Ha paBorara Ha HOBBLPXHOCTEH
BLALYXONOATPEBATC Ha MOLIEH [PABOTOKOB CHICPTHEN KOTE. C noayueHHTE pesysTaTH ca
NOKAIM3UPAHK HAH-38CTPALLICHHTE TOBLPXHOCTH 38 BL3HHUKBAKE 1A HHCKOTEMITEPATYPHA CspHa
kopo3us. Pesyararure OT MOJCHA Ca BANHMPAHH ¢ HATYPHK W3TIHTAHH.

Wnoxenepo-npusI0RHN IIPHIOCH
* AHANU3MPal ¢ OPOST Ha MYCKOBUTE ONEPALHHM Ha FOIHIIHA Ha3a Ha MOUICH TIPABOTOKOR
GHEPrueH KOTEN, CKCIUIOATHpaH B LTEIL Mapuua HMsrox 2 EAJL, 3a JOCTATHUNO ABIBI
NepHoJE OT BPEME, P KOETO € ACQIHUPAHO: PasXoi®T Ha TCHHO KOTEIHO TOPHBO 38 TTYCK OT
FOPELHO, HEM3CTHHAIO M CTYACHO CBCTORHHC HA KOTAUTC, KOPMIHPaHH Ca [YCKOBK AHAIPAMH
3a PA3TMMHHTE THIIOBE TTYCKOBE (TOPCLIO, HEHSCTHHANO ¥ CTY/IEHO CHCTOAHHE);
*Onpeesenl ca EMHCHHTE OT [pax, ceper THOKCHA SO2 u seruepoaer auoxeua CO2
KOMTO CE FeHEPHPAT OT MOLIEH [IPABOTOKOB €HCPIHeH KOTE) [pH PA3NUYHUTE THIIOBE MYCKOBH
OTePALHI, KOHTO C& eMUTHPAT B OKOJIHATA Cpea,

*Onpegenen ¢ PasxoibT Ha NPUPOACH rad HeoBXxoMMM 33 NyCKaHe Ha MOLWECH
APABOTOKOE SHEPIHEH KOTE 38 PABMUHNTE THIOBC MyCKOBE (ropeLio HEH3CTHHANO H CTYNCHO
CHCTOAMHE), IPH KOETO €4 W3TOTBEHH HOBH ANrOPHTMH M ITYCKOBH JHAIPAMH, KaTo €
AHANM3HUPAHO KOJIMUECTBOTO HA CTIECTCHHTE CMHCHH O gpraeponed auokena COZ mpu
pasnansale Ha KOTIMTC ¢ NMPHPOACH I'a3, KAKTO W CrIECTEHHTE €MMCHHM OT [pax W CepeH
stokena SO2, 0T N0-paHHoTo BbBeKAaHE B paboTa Ha enexTpoQuITLPA 1 CAPOOUHCTBAIIATA
HHCTAJRanuA

*Cpanajel] ¢ W3AN0 HOB ANTOPUTHM 33 BHBEXK/IANC B SKCTINOATaNHA HA MOLICH NPaBOTOKOB
eHEPTHEH KOTE/ IPH M3NON3BAHCTO Ha APUPOICH ras, KaTo pA3NanBallo FOPUBO, APH KOHTO e
HAMANSBA 10 MMHUMYM BEPOSATHOCTTA OT HUCKOTEMIIEpATypHa CApHA KOPO3HA. npy KOHTO Ce
CeV ¢ KAKBA TEMIIEpaTypa ce MOAaRa Bb3AyXa 3a MOATPARAHE B MIHCCCHHA MTOBBPXHOCTEH
Bb3AYXONOArPERaTe/l B 3aBUCHMOCT OT H3TapsHOTO FOpUBo.

5, Mpenerka Ha MyOIHKANMATE O AHCEPTANHOHHUI TPYL



Ilo noxtopanrypara ca nyGmikysanu o6mo 11 6p. nayunn myOnnkauny 3 ne pedepupann
CITHCAHMA © HAYHIO PEUEH3HPAHE WM B PEAAKTHPANN KOJCKTURHY TPYJIOBE OT kouro [ Op.
CAMOCTOATCIIHA, @ OCTAHANNTE B CLABTOPCTBO KaTo JIOKTOpaHTa ¢ Bojeut asrop. Te ca
AOKJIABAHH Ha HAYYIHH KON(DCPCHILIE ¢ MCKYHAPOAHO yuacTse 1 yOHHKYBaHn B HayMHH
tpysose  Ha EM®D obiwo 2 Op. 1 ua HK ,Enepruen dopysm™ 9 Op.. Hayunnre nybmixaiy no
JMCCPTALMOHHMS TPYJL ChOTBETCTBAT HA CHLALPKAHKETO My. ThLil €410 He ¢ UPCACTABCH
pasjenuTenen poToKON 38 NPHHOCAE Ha BCCKH OT CHABTOPHTE Ha 1y OiKalmiite BRINOUCHH B
JIHCEPTAIMOH NS TPYL CHRTAM, e HPHHOCHTE UM Ca PABHOCTORNIHN,

Mar, yiok. Huxona Emunos bafikanos y10s0CrBopsaBa MUHUMAIIHTC HAMOHAIHH
uaucKsanus 3a npujaobupane na OHC gwxkrop™a TH 5.4, Ewepreruka. Tpu MuvumMainy
winckBanMA 80 TOMKXH 11O IpyIa noxazaTem, Haunat obul Opoit TOMKH HA kanAwiara e
166,67. Touxnte no nokazaren A ca 50 npu neodxoanmu 50, no noxasaren I' (I3 no .11} ca
obio 116,67 npn neodxonymu 80.

6. Mzenust, NPelopbKY H OCJIeKKH,

JlecepTaliHonIuaT TPYJL ¢ ¢ Npet3no u3paboren ~ revar, Tabiuuy u GUIypu 1 HaIFRIHO
CHOTBETCTBA HA PEIVITATHTE OF CKCICPHMCHTANHNTE H3cneasanma. Bewuky npenopbiy
BOCTABCHI OT MCH 110 BpeMe Ha Paninupenngr nayucy chser pa kateipa Lpeprerdra 1pu
PAZIIEKAANE Ha JUCEPTALHOHIHS TPYL Ca H3TBIITCHU.

7. 3akA0MEHHe ¢ ACHA NOJOKHTEINA HWIH OTPHIATCIR ONeNK: Ha
JMCEPTAIHOHILNS TPY/L
ITpescrarenust pucepranmonct Tpys e pazpaboTen na BHCOKO IHHBO Ype3 U3Non3Bane na
CLBPEMEHHM  MeToM Ha wschneinane. Toil oTromaps wa W3MCKBaHuSTa 3a HpuaobHsanc
obpazosaresa 1 nayuna crenen Jokrop” chrnacho 3PACPE n [Tpasuanika 3a npuaarancro
My Kakto M Ha [lpasunuuxa B Tpakuiickn Yuusepeurer-Cr. 3aropa, dakyarer ,Texuuka n
TEXHOIOTHH rp. SIMGon.
Hapam TTOJIOMCHMTEJHA ouenka na paspaborenus ancepraimonen tpyi. Ipeuiaram
Ha YBaKACMOTO HAYWHO KYpW Jja upHebin uHa mar, wmk. Hmcona Emunon balikanos
oBpazopaTeiina ¥ HayuHa CTETeH ,,JokTop” B ofnact ua sucure obpajosanne 5. Texnuueckn
Hayku, npodecuonango  manpasiende 5.4, Enepreruka  no  oKropcka  mporpama
..EnepronpeobpazyBaliy TEXHOJOTHH H CHCTEMH .

Jara: 15.02.2024 r UJjieH Ha sKypuTO:
rp. [lnosaus /pod. a-p umxk. [N Beaues /
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on a dissertation to acquire the educational and
scientific degree "doctor” in the field of higher education 5. Technical sciences, professional
direction 5.4. Energy, doctoral program "Energy converting technologies and systems" at the
Department of Energy, Thrace University-St. Zagora, Faculty of
“Engineering and Technology™, Yambol.
Author of the dissertation: M.Sc. Engineer Nikola Emilov Baikalov.
Topic of the dissertation "Analysis of the start-up modes of boilers burning lignite, with the
aim of increasing their operational and environmental security”.
Member of the scientific jury: Georgi Ivanov Valchev, Eng. PhD, Professor.

. Relevance of the problem developed in the dissertation work in scientific and

applied scientific terms
The dissertation submitted for opinion is formed in a volume of 155 standard typewritten

pages with the necessary tables and figures, and a tota) of 156 literary sources have been
anatyzed, of which 60 are in Cyrillic, and the rest are in Latin - companies and standards, 5
chapters are shown for solving the formulated basic tasks, which are connected in a logical
sequence: (opicality of the problem and setfing of the task: description of the research object
and problems i its operation; analytical calculations of the emissions generated during start-up
modes by PK-38-4 boilers; determination of the dew point of the flue gases at the exit of an
external air heater; preparation of new algorithms for the start-up of the PK-38-4 boiler using
natural gas as ignition fuel, conclusion and application, The topic of the dissertation work is
relevant, as it is related to the study of the processes taking place during the commissioning of
an energy boiler, after a certain downtime, one of the most responsible and complex non-
stationary modes of its operation. When this process is combined with a change in the fuel that
is used to ignite it, further analyzes and assessments are required for the impact of these
processes on its safe, efficient and ecological operation. The aim of the dissertation is to
evaluate the behavior of power steam generators burning low-quality lignite coal, when the
ignition fuel is changed (from fuel oil to nafural gas), using efficiency, operational-reliability
and environmental criteria,

2. Degree of knowledge of the state of the problem and creative interpretation of
the literary material

Mag. Eng. Nikola Emilov Baikalov shows a high degree of knowledge of the state and
problems at the time related to the development of the dissertation work as a result of global
warming and climate changes. The literature used is related to the topic of the dissertation. He
got to know in detail and researched in real time the replacement of fuel oil with natural gas as
the ignition fuel of the energy boilers in the thermal power plant in "Maritsa Iztok 2" EAD.
This replacement responds to and is imposed by new environmental norms and trends in the
field of energy, both at the European and global level.

3. Correspondence of the chosen research methodology and the set goal and tasks
of the dissertation with the contributions achieved

The research methodology chosen by the doctoral student is in full accordance with the set

goal and the assigned tasks. The doctoral student has shown skill and successfully uses modern
software products to achieve the set indicators in the individual chapters of the dissertation.

4. Scientific or applied scientific contributions of the dissertation work

The doctoral student classifies the contributions of his dissertation work as scientific and
engineering applied. Proceeding from the goal and the tasks set for its realization based on the
results of the conducted theoretical and experimental studies, I fully accept the author's claims
for the contributions.



Scientific and applied contributions
*A digital simulation model of the operation of the ignition gas burner installed on a
powerful direct current energy boiler has been created. With its help, the mixing of the fuel-air
mixture, as well as the combustion process itself, was studied and optimized;

*The dew point of the flue gases was analytically determined when burning liquid boiler
fuel, natural gas, as well as when simultaneously burning natural gas and lignite coal (in
different proportions);

*A eriterion has been introduced for the safe operation of the air heater, namely: minimum
air temperature at its inlet, when burning differemt fuels (liquid boiter fuel, natural gas,
simultaneous burning of natural gas and lignite coal in different ratios);

*A digital simulation model of the operation of a surface air heater of a powerful direct
current encrgy boiler has been created. With the obtajned results, the most threatened surfaces
for the occurrence of low-temperature sutfur corrosion have been localized. The results of the
model are validated with field 1ests,

Engineering and applied contributions

*The number of start-up operations on an annual basis of a powerful direct-current energy
boiler, operated at TEC Maritsa Iztok 2 EAD. was analyzed for a sufficiently long period of
time, during which the following was defined: the consumption of liquid boiler fuel for start-up
from hot, uncooled and cold state of the boilers; adjusted startup diagrams for different startup
types (hot, uncooled and cold state);

*The emissions of dust, sulfur dioxide SO2 and carbon dioxide CO2 that are generated by a
powerful direct current energy boiler during the various types of start-up operations that are
emitted into the environment are determined;

*The consumption of natural gas required to start a powerful direct-current energy boiler
for the different types of start-ups (hot uncooled and cold state) was determined, in which new
algorithms and start-up diagrams were prepared, and the amount of carbon dioxide CO?2
cmissions saved during ignition was analyzed of the natural gas boilers, as well as the saved
emissions of dust and sulfur dioxide SO2, from the earlier commissioning of the electrofilter
and the sulfur purification plant;

*A completely new algorithm has been created for putting into operation a powerful direct
current energy boiler using natural gas as the ignition fuel, in which the probability of low-
temperature sulfur corrosion is reduced to a minimum, in which it is monitored at what
temperature the air is supplied for heating in the external surface air heater depending on the
fuel burned.

5. Evaluation of publications on the dissertation work

A total of 11 publications were published during the doctoral studies. scientific publications
in non-refereed journals with scientific review or in edited collective works of which 1 no.
independent, and the others co-authored as the doctoral student is the lead author. They were
reported at scientific conferences with international participation and published in scientific
works of the EMF in total 2 nos. and of NC "LEnergy Forum" 9 nos. The scientitic publications
on the dissertation correspond to its content. Since no separation protocol has been presented
for the contribution of each of the co-authors of the publications included in the dissertation
work, T consider that their contributions are equal.

Mag. Eng. Nikola Emilov Baikalov meets the minimum national requirements for acquiring
the ONS "Doctor" for PN 5.4, Energy. With a minimum requirement of §0 points per indicator
group, the candidate’s personal total number of points is 166.67. The points according to
indicator A are 50 out of the required 50, according to indicator G (G.5t0 G.11) they are a total
of 116.67 out of the required 80,

6. Opinions, recommendations and notes,




The dissertation work is precisely produced - printing, tables and figures and fully
corresponds to the results of the experimental studies. All the recommendations made by me
during the Extended Scientific Council of the Department of Energy during the examination of
the dissertation have been fulfijled.

7. Conclusion with a clear positive or negative assessment of the dissertation work

The presented dissertation work was developed at a high fevel by using modern research
methods. He meets the requirements for acquiring the educational and scientific degree
"doctor" according to the ZRASRB and the Regulations for its implementation as well as the
Regulations at Thrace University-St. Zagora, Facully of Engineering and Technology, Yambol.

I give a POSITIVE evaluation of the developed dissertation work, 1 propose 1o the
Honorable Scientific Jury to award M.Sc. Eng. Nikola Emilov Baikalov educational and
scientific degree "doctor" in the field of higher education 5. Technical sciences, professional
direction 5.4, Energy in the doctoral program "Energy converting technologies and systems".

Date: 15.02.2024 Jury member:
Plovdiv /prof. Dr, Eng. G. Valchev /



