i EREPCHTET

"
Foeniniing e i e i

%;g“- J—

TR

rmfus‘m

CTAHOBWILE
OT Ao, &-p uHX. Mepuma Mopaanosa Boresa-3naresa

Ha AuceprayuoHeH Tpys 3a npuaoBusare Ha oBpasosatenHa u HayuHa crenen JOKTOP" s
ofnact Ha eyclero ofpasosanve 5. Texuudeckn Hayku, npotecnonanto Hanpasnetue 5.4
JEHepreTvka’ rno AOKTOpCcKa nporpama ,EHepronpeoBpasyBally TexXHONorMn 1 cneremmn’

ABTOp Ha QVCEpPTALMOHHUA TPya: mar. nix. Hukona Emunos Bakkanos
Hayuen Pwkosogmren: gou. a-p uHxK. Bopucnas UrHatos

Tema Ha ancepTallnoHHnA Tpyd. »wAHAIKS HA NYCKOBWTE PEXUMY HA KOTIIW U3rAPALLIA
NArHATHY BBITTUILA, C LEN NTOBUIMABAHE HA TRXHATA EXCANCATALIMOHHA W EKOROIMHYHA
CUIYPHOCT"

1. AKTYasHOCT Ha paspaboTBaHWs B ANCEPTALMOHHMA TPYH NPoGseM B HAyYHO M
HAYYHO-NPUNOKHO OTHOWIEHUE. CTemNeH N HMBA HA AKTYANHOCTTa Ha npobnema u
KOHKpeTHUTEe 3apayu, pazpaboTeru B sucepraumsara

NPeACTABEHNAT MU 33 CTAHOBMLIE AWUCEPTaLMOHEH Tpya TPeTupa CbliecTBeHn BbNpocw,
cBBLp3aHy ¢ paboTaTa Ha eHEPTXAHN KOTIIX 38 U3TaPSAHE Ha NUFHUTHL BBIMULLE NPYU NPexoaHu
nyckosu pexxumu B TELL ,Mapnua Natok 2°, npy KouTo TpaauLMOHHO KaTo pasnansaiio ropuso
ce uenonssa masyT. [py Takusa HeCTALMOHAPHK YCNOBMA BhaHkBaT npobnemy, CBLp3aHm
KAKTO C eKCNNoaTalUOHHATA HAGEXOHOCT Ha CHLOPLMEHWATA, TaKa W ChC IHAYUTENHUTE
EMUCHK Ha CEePHY OKUCK, NPax 1 BLIMEePOoASH ANOKCUY B OKONHaTa cpeaa.

Orunradkn, Hapen ¢ TOBa, HenpekbCHATe HapacTBalyuTe eKoNoruHKM U3ncKBaHus in
OFPaHUMEHUA KBM SNeKTPOSHEPTMAHUA CEeKTOP B eBPOMEWCKM W HALMOHaNEeH acnexT,
3HAYUTENHUA AN Ha NPOU3BOACTBOTO HAa LEHTpanara B eHepruiiHnA MuKc Ha crparara Hu,
Kakto 1 dpakrta, dve Ts pabor C HALMOHANHO TOpPWBO, NOBUILABAWO eHepruiHara
HE3aBUCUMOCT Ha Obrrapckara MKOHOMMKE, cuuTam, de npobnemure, Pasrmexnadu B
BNCEPTALMOKHMA TPYA ca ocobeHo akTyanHu. OCBeH exonorudHnTe, 0coBeHo sHauumu ca v
pa3paboTeHUTe KOHKPETHW 3a2aunTe, OCUIYPABALLM BUCOKS BXCNNOATAUNOHH HAAeXOHOCT U
NO-BYUICOKA MKOHOMWUMECKATa eeKTUBHOCT Ha CLOPBLXEHNATa NPy NpemMuHaBaqe KkbMm paoTa
c npupoger ras. DescrnopHo pasrnexpgaduTe B gvcepraunonHus Tpyn npofnemu ca
anceptabenuu.

2. CreneH Ha rosHapaHse ChLCTOAHUETO Ha npobnema ¥ TROpPUECKa MHTepnpeTauus
Ha NUTepaTypHUA maTepuar

[Ancepraupoxsua Tpya e npeacTased B ofem oT 155 CTpaHvuy, KaTo & CTYPYKTYPUPaH BB
Bueepenve, et rnaswn, 3axkmovesue, Mpunoxedne wn KsnonssaHa nurepatypa oOT 156
3arnasus, OT KouTO 96 ca Ha naTuHuLa.

MonpoBHOTO oOnUcaHwe Ha cucTemuTe, OCUrypsBalln paboTata Ha  eHepruiHuTe
AaporeHepaTopy, aHANMINTE Bb3 OCHOBA HA CTATUCTAYECK 1 JaHHW OT HAaTYPHU 3MepBeaHus
Ha OCHOBHWUTE UM EKCIIIOAaTaLMOHHY XapaKTepneTrky, obo6luaBaneTo Ha rpobnemure npy
NYCKOBY PEXWMI OT CTYAEHO ¥ rOpewlo CbCToAHWe, Cb3fasaT y meH yoexqeHueTo, ue
[AOKTOPaHTLT No3HaBa 3afbNBoYeHo 06eKTLT Ha M3CNeABaNHe Ha AncepTaLoHHus Tpya. ToBa



ChilieBPEMEHHO € NMPeanocTaBka 3a YCNewHoTo pellaBake Ha 3aiadqnte, nponanusaiiy or
nocragedara OCHOBHa Len B AncepTalosHnA TRYA.

3. CuvorsercrBue #Ha naBpanara METOANKA Ha U3CHEABaHe M MOCTaBEHATAa UGN M
338441 HA AUCEPTALMOHHUA TPYA C NOCTUTHATUTE NPUHOCK

3a nocrurane Ha AedvHMpaHnTe B OUCEPTALMOHHWA TRy Len 1 3aiauy JOKTOPaHT®T
N3NON3Ba AHANUTUMHIA METOLM, HATYPHN U3NUTaHWA 1 LWPOBO CAMYIMBLIMORHO MOgenupane
c nporpameH npoaykr (ANSYS CFX) aa nacnegpaHe Ha ra3oBuTe ropenikim v ropuBHUS npoLiec
B NelHa kamepa, kakto u MBI Ha xornu NK-38-4, Teau cpegcerea 3a vacnensaqe Cwajasar
NPEAnoCTABKA 38 3ASKBATHOCT Ha NOCTUTHATATE PE3YITATH B SUCEPTaUMOHHIKA TPYA.

4. TlprHOCK Ha ANCEPTARUNOHHKA TPYL

Mpuemem npeTeHLMUTE 38 nNPUHOCK Ha  [JOKTOpaHTa, KouTo ca [Aedumunpany B
JaKNIOYUTENHATA YACT Ha gucepTtaunoHHus Tpyd. Te morat fa 6baaT KnacupuLmpany kaTo
HaYUHO-NPUMOKHU 1 UHKEHEPHO-NPUNOXKHY, 8 UMBHHO!

HayyHo-npunoxHu npuHocu:

*  AHanuTUYHO € onpeaerneHa ToUKaTa Ha OPOCABaHe Ha QUMHUTE asose nNpw nsrapaHe
Ha TEYHO KOTEmNHO ropuso, NMPUPOoAeH ras, KakTo U npu enHOBPeMeHHO KarapaHe B
PA3NUYHO CHOTHOWBHWE HA NPUPOLEH a3 N NUFHKTHIY BLrNWLLA;

» Bbeegex e kpurepunit 3a GeaonacHa pabota Ha Bb3gyXonoarpesaTens, MUHUManHa
TEMNEPATYPa Ha Bb3AyXa Ha BXOAa MY, NPU M3rapsiHe Ha pasrvyHy ropusa (Te-Ho
KOTENHO ropuBo, MNPUPOLEH a3, edHOBPEMEHHO W3FrapaAHe Ha NpupoaeH ras #
AUFHATHA BBINWLLE 8 DAINUYHK CHOTHOLWEHUS),

« Cwb3ganed e undpos cuMynaumoHeHd mofien Ha paboTa Ha pasnansala rasosa
ropernka, MoHTUPaHa NPaBOTOKOB EHEPrMeH KOTen ¢ rosiama molHoct. C rnomouyTa Ha
MOfena € W3CHedBaH0 U ONTUMU3VPEHO CMECBAHEeTO Ha FOPMBO-BL3AYILUHATA CMec,
KaKTO W CaMiuA FOPUBEH NPOLEC;

» Cob3pganer e uUubpoB cumynauuoHed Mogen Ha pabortata Ha NMOBbLPXHOCTEH
Bb3AyXOnogrpesatern nNpaBOTOKOB eHeprueH koTen Ha molweH. C nonyuexure
pesynTaTi ca rokanusnpany Hai-sacTpaileHuTte NoBLPXHOCTY 38 Bb3HUKBAHe Ha
HUCKOTEMMepaTypHa CsipHa Koposus. Pesynrarmite 07 moaena ca BannanpaHn ¢
HaTYPHN N3nuTaHknA,

HHKEHEPHO-NPUITOXHU APUHOCU

e Aranuaupat e BposiT Ha NMyckoBUTe orepalim Ha roauilHa Gasa npaBoTOKOB eHeprieH
KOTENn C TonAma MowHocT, ekcrnoarupad 8 ,TELl Mapvuya Warok 2° EAL, 3a
[OCTaTBYHO QLML NEePUosa 0T BPpeMe, NPU KOeTo & AShuHupaH pasxodbT Ha TEMHO
KOTENHO ropuao 38 MyCcK OT ropetlo, HeUSCTUHANO ¥ CTYHSHO ChLCTOAHNE Ha KOTINTe;
KOPUFMPaHA ca NYCKOBK Avarpamut 3a pasniysanTe Tunope rnyckoee (ropetlo,
HEN3CTUHAMO 1 CTYAEHO ChCTORKUE),

» Onpefenequ ca emucuuTe OT Npax, cepeH guokeung SO2 1 sbriepofeH anokena COz,
KOWTO Ce reHepupar ¥ EMUTUPAT B OKOMNHATA CPeaa OT NPaBoTOKOB eHeprneH KoTen ¢
rofiAamMa MOLHOCT NpK pasnndmidTe TUNOBE NYCKOBUW onepaiiin;

. Onpe,qeneﬂ € pasxXoddsT Ha npupoleH a3 Heobxonum 3a fiycKkaHe Ha npaBoTOKOB
eHeprueH KoTen C ronsiMa MOLWHOCT 33 pasnudHuTe TUNOBE NyCcKoBe {ropewo,
HEN3CTUHANO K CTYMIEHO CLCTOSIHWE), UIFOTBEHM ¢a. HOBU arropuTMy 1 nyCcKoBW
guarpami, Kato e adanuanpaHo KonuvectTBOTO Ha CNeCcTeHuTe eMitCii OT BeInepoieH



avokcna CO2 npu pasnanBade Ha KOTuTe ¢ NpUpoLeH ras, Kakro W cnecreHuTe
eMUCUM OT npax 1 cepen aguokent SO2, 0T No-pPaHHOTO Bbeemane B pabora Ha
enekTPOhUNTLRA ¥ CAPOOYUCTBALLATA UHCTANALINS,

e  Ch3JafeH € NILANO HOB ANTOPUTLM 38 BLBENAAHE B eKCNNOATALMA HA NPAaBOTOKOB
EHEPrUeH KOTEN C rONAM& MOLWHOCT NpU USFION3BAMETO Ha NPUPOAEH ras Karo
pasnansaulo ropuso, npu KOWTO Ce HaMansBa A0 MUHMMYM BEPOSTHOCTTa OT
HUCKOTEMNEpAaTYPHA CAPHA KOPO3aUs ¥ CO CRIeAV C Kaksa Temnepatypa ce nopapa
Bb3AYXa 3@ NOArPABAHE B M3HECEHMA NOBBLPXHOCTEH Bh3RYXONOArpesarern.

8. flpeueHka Ha NyGnukaLUUTe NO AKCEPTALNOHHNA TPYA

Peayntatute OT UacneaBaHusTa B OUCEPTALMOHHWA TPY4 ca nNpeAcTaBeHn B 11 6p.
nybnukawuy, eaHa ot KOMTO @ camocTosTenHa. [1eBeT oT TaX ¢a B pedepupaHo N3faHne —
cBopunk ¢ goknagu ot HK Exepruen dopym’. HaMam nHgopmauma 3a LuTupade ot apyru
aBTopw.

6. MHeHMA, NPenopbKn N GenexKu

OT npefcTaBeHnsa MaTepuanit, KakTo U 0T NNYHOTO MU BniedatneHwe 3a kadectsara Ha
JOKTOPaHTa, MOra [a W3KAKA MHEHUE, 4e NPUHOCUTE B QUCEePTaLMOHHUR TPYHA €3 NKUYHO
AOCTIDKEHNE HA [OKTOPaHTAa, PeanuampaHit C KOMNETEHTHATa NOAKpena Ha HayyHus My
PBHKOBOAUTEN.

Cuurtam, Ye B rnasa [MTupsa, AOKTOPAHTLT BM MOrbN Aa ONPeAEn No-ACHO 1 ABPUHNTUBHO
KOHKpPETHUTE 3afja4i, NPOU3NN3aLLM OT NOCTaBeHATA el Ha AUCepTaunoHHNA TPYA.

7. 3aknoveHne

Bbhpeky HanpaBesaTa no-rope Oenexka, akTyanHocTTa Ha wuacnepsaHus npobnem,
MOCTUrHATUTE  HAYMO-TIDUNONKHUA W WHXEHEPHO-MPUMNOXHY  NPUHOCK, KaKTO W TaAXHaTa
3HAUMMOCTTE 3@ ENeKTPOreHepupaLLrn CeKTop B CTpaHata HW, MW AaBaT OCHOBaHve Aa
13pa3A CBOETO MHEHWe, 4e TPeACTaBeHusIT AUCepPTAuWOHEeH TpyA OTroBapa Ha
W3NCKBAHWSITA 32 NPUCHLKAAHEe Ha HayuHaTa creneH ,JoxTop®.

B3 OCHOBA Ha TOBA AaBam NONOXUTENHa oueHka Ha paboraTa Ha AOKTopaHTa n npensaram
HA YMEHOBETE Ha HAYYHOTO Xypw Aa NPUCLAAT Ha mar. wrk. Hukora Emunos balikanos
ofpasosatentara 1 Hayva crened ,Jokrop” B obnact Ha Bucile o6pazosanue 5.
TexHUueCKN Hayku, npodecuoHanto Hanpaenedune 5.4 ,ExepreTnka” no Jokropcka
nporpama , ExepronpeoBpazyBauin TeXHONOINMN U CHCTEMU”,

Aara: 22. 02, 2024 r. A3roTBMA CTAHOBULLETO!

Jou. a-p wHx. M. 3natesa
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““POSITION

by Associate Professor Dr. Eng. Merima Yordanova Bogeva-Zlateva

of a PhD thesis for acquisition of the educational and scientific degree "DOCTOR" in the field
of higher education 5, Technical sciences, professional direction 5.4 "Energy" under the
doctoral program “Energy converting technologies and systems”

Author of the dissertation: M.Sc. Engineer Nikola Emilov Baikalov
Scientific Supervisor: Assoc. Prof. Dr. Eng. Borislav Ignatov

Topic of the PhD thesis: “ANALYSIS OF THE STARTING MODES OF BOILERS BURNING
LIGNITE COAL, WITH THE PURPOSE OF INCREASE THEIR OPERATIONAL AND
ENVIRONMENTAL SECURITY"

1. Relevance of the problem developed in the PhD thesis in scientific and scientific-
applied terms. Degree and levels of relevance of the problem and the specific
tasks developed in the dissertation

The PhD thesis submitted to me for opinion deals with essential issues related to the operation
of energy boilers for burning lignite coal in transient start-up modes in TPP "Maritsa lztok 2",
where fuel ol is traditionally used as the ignition fuel. Under such non-stationary conditions,
problems arise related to both the operational reliability of the facilities and the significant
emissions of sulfur oxides, dust and carbon dioxide into the environment.

Taking into account, in addition, the ever-increasing environmenta requirements and
restrictions on the electricity sector in European and National aspects, the significant share of
the plant's production in the energy mix of our country, as well as the fact that it works with
national fuel, increasing the energy independence of the Bulgarian economics, | believe that
the problems discussed in the dissertation are particularly relevant. In addition to the ecological
ones, the specific tasks developed are particularly significant, ensuring high operational
reliability and higher economic efficiency of the facilities when switching to working with natural
gas. Undoubtedly, the problems considered in the dissertation are dissertationable.

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

The dissertation work is presented in a volume of 155:pages, being structured in: Introduction,
five chapters, Conclusion, Appendix and References from 156 titles, of which 96 are in Latin.

The detailed description of the systems ensuring the operation of the energy steam generators,
the analyzes based on statistics and data from measurements of their main operational
characteristics, the summarization of the problems in starting modes from cold and hot
conditions, create in me the conviction that the doctoral student thoroughly knows the subject
of dissertation research. At the same time, this is a prerequisite for the successful solution of
the tasks arising from the main goal set in the PhD thesis.

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

To achieve the goals and tasks defined in the dissertation, the doctoral student uses analytical
methods, tests and digital simulation modeling with a software product (ANSYS CFX) to study



gas burners and the combustion process in a furnace chamber, as well as VP of PK-38-4
boilers. These means of research create a prerequisite for the adequacy of the rgsults
achieved in the dissertation work.

4, Dissertation Contributions

| accept the claims for contributions of the doctoral student, which are defined in the concluding
part of the dissertation. They can be classified as science-applied and engineering-applied:

Scientific and applied contributions:

e The dew point temperature of flue gases was analytically determined when burning
liquid boiler fuel, natural gas, as well as when simultaneously burning natural gas and
lignite in different proportions;

e A criterion was introduced for the safe operation of the air heater, minimum air
temperature at its inlet, when burning different fuels (liquid boiler fuel, natural gas,
simultaneous burning of natural gas and lignite coal in different ratios);

o Adigital simulation model of the operation of a igniting gas burner, installed high power
direct current energy boiler was created. With the help of the modei, the mixing of the
fuel-air mixture, as well as the combustion process itself, was studied and optimized,

+ A digital simulation model of the operation of a surface air heater direct current energy
boiler of a powerful has been created. With the obtained results, the most threatened
surfaces for the occurrence of low-temperature sulfur corrosion have been localized.
The results of the model are validated with field tests.

Engineering and applied contributions

« The number of start-up operations on an annual basis of a direct-current energy boiler
with a farge capacity, operated at TEC Maritsa |ztok 2 EAD, was analyzed for a
sufficiently long period of time, during which the consumption of liquid boiler fuel for
start-up from hot, uncooled and cold state of the boilers; adjusted start diagrams for
the different start types (hot, non-cold and cold state;

¢ The emissions of dust, sulfur dioxide SO2 and carbon dioxide CO2 that are generated
and emitted into the environment by a high power direct current power boiler during the
different types of start-up operations are determined;

» The consumption of natural gas required to start a high-power direct-current energy
poiler for the different types of starts (hot, uncooled and cold state) was determined,
new algorithms and start-up diagrams were prepared, and the amount of co2
emissions saved at firing of the boilers with hatural gas, as well as the saved emissions
of dust and sulfur dioxide SO2, from the earlier commissioning of the .electrostatic
precipitator and the desulphurization plant;

o A completely new algorithm has been-created for putting into operation a high-power
direct-current energy boiler using natural gas as an ignition fuel, which minimizes the
probability of low-temperature sulfur corrosion and monitors the temperature at which
the air is supplied for heating in the exits surface air heater.

5. Evaluation of publications on the dissertation work
The results of the research in the PhD thesis are presented in 11 publications. Nine of them

are in a refereed edition - a collection of reports from NC “Energy Forum". | have no‘information
about author citations



6. Opinions, recommendations and notes

From the material presented, as well as from my personal impression, | can express the
opinion that the contributions in the dissertation work are his personal achievement, realized
with the competent support of his scientific supervisor.

| believe that in Chapter One, the PhD student could define more clearly and definitively the
specific tasks arising from the set goal of the PhD thesis.

7. Conclusion

Despite the note made above, the relevance of the researched problem, the achieved
scientific-applied and engineering-applied contributions, as well as their significance for the
electricity generation sector in our country, give me the reason to express my opinion that the
presented work meets the requirements for awarding of the scientific degree "Doctor".

Based on this, | give a positive assessment of the PhD thesis and suggest that the members
of the scientific jury award the 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" under the doctoral program “"Energy converting technologies and systems.

Date: 22. 02. 2024 Prepared the opinio

Assoc. Prof. Dr. Eng. M. Zlateva




