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Tema Ha guceptaumoHHus Tpya: M3CJIIEOBAHE HA BBb3MOXHOCTU 3A
NMOJOBPABAHE HA EQEKTUBHOCTTA HA ENEKTPOJIM3HU N TOPUBHWA
KINETKWN B CUCTEMIA 3A BOOOPOOHA EHEPIUA.

UneH Ha Hay4HOTO Xypu: npod. a-p Tamapa lNeTkoBa.

[MpeacTaBeHUST MU 3a peueH3npaHe gucepTauMoHeH Tpya pasrnexaa Bb3MOXHOCTUTE 3a
noBuwaBaHe Ha e(eKTMBHOCTTA Ha NPOM3BOACTBOTO Ha BOAOPOA Ype3 nogobpsiBaHe Ha
enekTpogHaTa CTPyKTypa Ha €fneKTPOnM3HM KNeTKM U NoBuLaBaHe Ha e(PeKkTUBHOCTTA Ha
N3Non3BaHe Ha BOOOPOAA B FOPUBHWU KIETKM 4pe3 nogobpsiBaHe Ha KaHanHata uMm
KOHMUrypaumsi, Kakto U HamansiBaHe Ha eHeprunHuTe 3arybu npu MHTErpMpaHeTo Ha
OTOBOMTANUYHN N ENEKTPONN3HM CUCTEMM 3a MNPOM3BOACTBOTO Ha “3eneH” BOAOPOA.
TemaTa 3a epekTMBHO M3MOM3BaHe Ha BOLAOPOA € aKTyasniHa C Bb3MOXHOCTW 3a LUMPOKO
NPUNOXeHne BbB BPEMETO HA TbPCEHE HA HOBU EHEPTUHU N3TOYHULIN.

[cepTaHTbLT NoKa3Ba OTNMYHO No3HaBaHe Ha Npobnema. HanpaseHusAT nuTepaTypeH 0630p
pasrnexaa noapobHo BbNPOCUTE CBbP3aHU C MoNlyYyaBaHe U U3Norn3BaHe Ha Bogopoaa kaTto
eHeprveH HocuUTen KaTo ca aHanuavpaHn 210 U3TOYHUKA B HaLLKW U Yy)XAEeCTpaHHM U3gaHus.

[MocTaBeHa e sicCHa uUen Ha gucepTauuaTa M ca onpeneneHn LWECT KOHKPETHM M TOYHO
dopMynuMpaHn 3agadn 3a gocturaHe Ha uenta. [duceptaumara € CTpyKTypupaHa B geBeT
rnaBw, 3akrYeHue, NpPUHOCKM M nuTepaTypa. Tpu OT rnasute ca 0030pHKM, YeTupu ca
NocBETEHM HA MOLENHU U3cneaBaHNS, B ABE € NpeAcTaBeHO BanuanpaHeTo Ha MOAENUTE U
B nocnegHMTe ABe Ca WU3MOXEHW MPUHOCUTE WU 3aKM4YeHuaTa OT M3BbplueHaTa paboTa.
CTunbT Ha NpeacTaBsHe Ha pe3ynTaTuTe OT u3BbplueHaTa paboTa e siICeH U TOYEH U NoKa3Ba
pobpaTta TexHu4ecka Kyntypa Ha gucepTaHTa.

NHux.MaBpannos un3bupa mMeTooMka Ha U3cnenBaHETO, KOATO cregga  npuHUMna
MaTtemMaTM4yecKko OnucaHwe Ha npouecute, CcCuMynauma W CpaBHUTENEeH aHanuid Ha
€NEeKTPOXUMNYHUTE  XapaKTEPUCTUKM Ha  u3cnenBaHUTE  MOLENHU  KOHdUrypaumm,
BanuavpaHe Ha mofera 4Ypes U3nons3BaHe Ha pearnHo YCTPOUCTBO (eNeKTponm3bop, NnaketTn
eneTposiIM3HU KNeTKWU, FOPUBHU KNeTKN). Pesyntatnte oT YNCNEHOTO MOAeNMpaHe nokassaT
MHOro Ao6po CHLOTBETCTBME MEXAY peanHaTa enekTponmMsHa cuctema U uarpageHus
MOEHTUYEH UMAPOB MOAEN Ha KIacUYecKn ankaneH enekTponu3bop. AJekBaTHOCTTa Ha
N3non3saHus Moden e NoTBbpAeHa OT OTKIIOHEHNETO OT 3.4 %, Npu MakcMmMasnHa MOLLHOCT.



HaquMTe N HAaYy4YHO-MPUIOXHUTE NPUHOCU Ha ancepTaunudaTa Morat ga ce onTppaendar
KaTo: :

[MpepnoxeHa e HOBa enekTpoAHa KOHUrypauus ¢ nepgopupaHu oTBOpU C MNo-passuTa
epeKkTMBHA aKTMBHa MOBBLPXHOCT, KOATO MO3BOMsIBA MO-BMCOKA CKOPOCT Ha
eneKkTpoXuMmnyHaTa peakums ;

N3rpageH e u e BanuaupaH undpoB Moaen Ha enekTpoAHU MOBbPXHOCTU U peakLMOHHK
30HM Ha ankasnHu enekTponmM3bopu

N3cnepgBaHn ca ropuBHWM KIETKM C NPOTOHOOOMEHHM MembpaHu ¢ HoBa XxubpuaHa
reomeTpma OT Tuna THPWHr On3anH C nperpagn, KoMTo  MnoBuLIaBaT eHeprunHarta
edeKTnBHOCT Ha [K;

MpeanoxeH e uugpoB Moaen Ha MPOTOHHOMEMOpPaHHW TOPUBHM KNETKW, C KOWUTO €
Bb3MOXHO CUMYNAUNOHHO-0a3MpaHO NPOEKTMPaHEe Ha pasnuYHM  KOHdurypauum wu
ONTUMU3NPAHE Ha PEXNMHU NapameTpu

MpennoXxeHNaT Noaxod 3a WHTerpupaHe Ha ankarneH enekTponu3bop ¢ doToBONTanyHa
cucTema npu CUHXpPOHM3UPaHe Ha PaboTHUTE UM XapaKTEPUCTUKM U Ype3 KOHUryprupaHe
Ha 6pos Ha NapaneHo U CePUAHO CBbP3aHUTE KINETKN NO3BOSISIBA NOCTUraHe Ha e(PeKTUBHO
NpOM3BOACTBO Ha 3erleH BOAOPOA.

NHx. MaBpannos e BKIYUN B AUCEPTAUNOHHUS cu Tpya neT nybnukaumu. OT Tax OBe ca
B cnucaHus B kBaptun Q1 n Bucok umnakt dpaktop, aose ca B IOP Conference Series: Earth
and Environmental Science,cepun oT koHdEepeHUMn M egHa B KHUra c abCcTpaktu oT
MexayHapogHa koHdepeHuma BbB Benuko TvpHoBO. CbhrnacHo lNpaBunHuka Ha TY 3a
ycnewHa 3awmra ca Heobxoammu 30 T oT nybnukauun( rpyna M. ucepTaHTbT € HaTpynan
48 TOYKM NO MOU N3YMCNEHUS, KOETO HaAXBbPS 3HAYUTESNTHO HEOBXOANMUAT MUHUMYM. B
cuctemata Ha Scopus ca otbensasaHm 16 umtaTta Ha Te3u nybnukauun. ToBa e [obpo
AOKas3aTencTBoO 3a OTpaKeHueTo, koeTo paboTata € Hamepuna B CBETOBHATa Hay4dHa
nutepaTtypa. NHx. [aBpannoB e yyacTBan Ha YeTUpu KOHpepeHLUmu, KbOeTo e npeacraBun
pe3yntatu OT guceprauusaTa cM U e npemuHan 9 obyynTenHun ceMmHapu 1M Kypcose B
cTpaHaTa u Yy>xbmHa no TemaTukm 6Nn3kn 4o Tasm Ha gucepraumara my.

OT n3noxeHo no-rope craBa ACHO, Ye Mmar.uHxX. JunaH [aBpannoB HanMmbISHO € MOKPUI
MUHUManHUTe nanckeaHmsa Ha TY-Codus, 3aTtoBa yoeaeHo aaBamM NOMOXUTESNHO CTAHOBULLE
3a AncepTaunoHHNA My TPYA Ha U NpenopbyBam nNpep yBaxkaemoTo HayyHo xxypu ga my 6bae
npucbaeHa cteneHTa ,A0KTop”

Hata: 20.04.2026 r. UJIEH HA XXYPUTO:



OPINION
on a dissertation submitted for the degree of Doctor of Philosophy
Author of the dissertation: Dilyan Yordanov Gavrailov, M.Sc.

Thesis topic: STUDY OF POSSIBILITIES FOR IMPROVING THE EFFICIENCY OF
ELECTROLYSERS AND FUEL CELLS IN HYDROGEN ENERGY SYSTEMS.

Member of the Academic Jury: Prof. Dr. Tamara Petkova.

The dissertation submitted to me for review examines the possibilities for increasing the
efficiency of hydrogen production by improving the electrode structure of electrolytic cells
and increasing the efficiency of hydrogen utilization in fuel cells by improving their channel
configuration, as well as reducing energy losses when integrating photovoltaic and
electrolytic systems for the production of “green” hydrogen. The topic of the efficient use
of hydrogen is timely, with potential for wide application in the era of the search for new
energy sources.

The doctoral candidate demonstrates excellent knowledge of the subject. The literature
review examines in detail issues related to the production and use of hydrogen as an
energy carrier, analyzing 210 sources in Bulgarian and foreign publications.

The dissertation sets a clear objective and identifies six specific, precisely formulated
tasks for achieving that objective. The dissertation is structured into nine chapters, a
conclusion, contributions, and a bibliography. Three of the chapters are review chapters,
four are devoted to model studies, two present the validation of the models, and the last
two outline the contributions and conclusions of the work performed. The style of
presenting the results of the work is clear and precise, demonstrating the author’s strong
technical expertise.

Eng. Gavrailov selects a research methodology that follows the principle of mathematical
description of the processes, simulation, and comparative analysis of the electrochemical
characteristics of the studied model configurations, as well as model validation using a
real device (electrolyzer, electrolytic cell packs, fuel cells). The results of the numerical
modeling show very good agreement between the actual electrolytic system and the
identical digital model of a classic alkaline electrolyzer. The adequacy of the model used
is confirmed by a deviation of 3.4% at maximum power

The scientific and applied scientific contributions of the dissertation can be summarized
as follows:

A new electrode configuration with perforated holes and a larger effective active
surface area has been proposed, which enables a higher rate of the electrochemical
reaction;



. A digital model of electrode surfaces and reaction zones in alkaline electrolysers
has been developed and validated;

* Fuel cells with proton exchange membranes featuring a new hybrid geometry of the
Turing design type with partitions, which increase the energy efficiency of the fuel cell,
have been investigated,;

+ Adigital model of proton exchange membrane fuel cells has been proposed, enabling
simulation-based design of various configurations and optimization of operating
parameters

. The proposed approach for integrating an alkaline electrolyzer with a photovoltaic
system by synchronizing their operating characteristics and configuring the number of
cells connected in parallel and in series enables the achievement of maximum efficiency
in green hydrogen production.

Eng. Gavrailov has included five publications in his dissertation. Of these, two are in Q1-
ranked journals with a high impact factor, two are in the IOP Conference Series: Earth
and Environmental Science, a conference series, and one is in a book of abstracts from
an international conference in Veliko Tarnovo. According to the Technical University’s
regulations, 30 points from publications are required for a successful defense. The
dissertation candidate has accumulated 48 points according to my calculations, which
significantly exceeds the required minimum. The Scopus system records 16 citations of
these publications. This is a very good indicator of the impact the work has had in the
global scientific literature. Eng. Gavrailov has participated in four conferences where he
presented results from his dissertation and has completed 9 training seminars and
courses in Bulgaria and abroad on topics related to his dissertation.

From the above, it is clear that Dilyan Gavrailov, M.Eng., has fully met the minimum
requirements of the Technical University of Sofia; therefore, | am confident in giving a
positive opinion on his dissertation and recommend to the esteemed Academic Jury that
he be awarded the degree of “Doctor.”
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