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1. AKTyaJHOCT Ha pa3pa0oTBaHMs B IUCEPTANMOHHUSA TPy NPodaeM B
HAYYHO ¥ HAYYHO-NIPWJIOKHO OTHOIIeHue. CTeneH U HUBA HA
AKTYaJIHOCTTA HA MP00JieMa U KOHKPETHHUTE 3a/1a4l, pa3padoTeHu B
JAUCEPTAIUATA

EnextpoenepruriHaTa cucrema € €Ha OT Hal-CI0KHUTE U BAJKHU CUCTEMHU
3a ceBpeMeHHOTO o0miecTBo. [lo3narata Hu EEC, usrpaxxnana u ekcruioaTupaHa
JECETUJIETUS HApel UMA CPABHUTEIHO yCTOMYMBA U MIPEACKA3yEMa KOHLETIIUS —
LHEHTPAIN3UPAHO ITPOU3BOJACTBO, E€IHOMOCOYEH IPEHOC Ha EINEKTPOEHEPTus WU
NacUBHU MOTpedbuTenu. B chBpeMeHHATa eleKTpOeHEepruiiHa cucTeMa HeM3MEeHHA
4acT ca Bb30OHOBSIEMUTE €HEPIUTHN M3TOYHUIM U CUCTEMUTE 3a ChbXPAaHEHUE Ha
EHEepTusi, KOETO BOAM JO HEOOXOAMMOCTTAa OT MPOTHO3MpPAHE M H3CJEeIBaHE Ha
pexxuMuTe Ha paboTa.

Pazrnexnanara B qucepTalMoOHHUS TPY/l MpoOieMaTHKa € TACHO CBbp3aHa
CbC CbBPEMEHHUTE TEHACHIIMU B PA3BUTHETO HA €IEKTPOCHEPTUMHUTE CUCTEMH,
XapakTepu3Mpalim ce ¢ yCKOpeHa HMHTerpanus Ha Bb30OHOBSIEMH EHEPTrUilHU
W3TOYHHIIN U TO-CrienuaiHo (poroBonTanynu enekrporentpanu (DELL), kakto u
Oarepun 3a ChbXpaHEHUE Ha elleKTpuyecka eHeprus. Tasu Tpancopmaiis BOAH
JI0 CHIIECTBEHH W3MEHEHHUS B PEKMMUTE Ha paboTa Ha €IeKTPOCHEPTUHHUTE
CUCTEMH, KaTO IOCTAaBi HOBM M3UCKBAaHUS KbM TOYHOCTTA HAa IPOTHO3UPAHE,



YIIPAaBJICHUCTO HAa MOIMHOCTUTC U 6aHaHCI/IpaHCTO Ha GHCpFHﬁHHTG ITOTOIIH.

Karo ocobeHo 3HauuMu ca MOXEM Ja OTAEIUM 3aJa4uTe, CBBP3aHU C
IIPOTHO3UPAHE Ha ITPOU3BOACTBOTO HA €JIEKTPUUECKA EHEPIHsl; aHAIU3 HA PEATTHU
€KCIUIOATAlMOHHU PEKUMU; UHTETPALIUS HA CUCTEMHU 34 CbXPaHEHUE HA CHEPTUs
u yuactue Ha OEL] B nubepanuzupanu eHepruitHu na3apu.

B TO31 KOHTEKCT AU CEPTALMOHHHUSAT TPYL PA3riIekK/1a KOMIUIEKC OT HAy4YHO-
MIPWIOKHU TIPOOJIEMH, CBbP3aHH C pa3padOTBAHETO HA MOJEIA U aJITOPUTMU 3a
u3cienBaHe Ha pexxumutTe Ha padora Ha DEILl. AxTyanHocTTa Ha Temara ce
ompezens U oT (okyca BbpXYy ChbBPEMEHHU METOAM 3a 00paboTka Ha JaHHH,
BKJIFOYMTEITHO MAIMHHO OOydYeHHWE U W3I0JI3BAHETO Ha pPEAJHU JaHHH OT
M3MEPBaHUs 32 BAIMIMPAHE HA MOJIEIIUTE.

[locraBeHuTe LEAM U 3a1a4u ca SICHO (POPMYJIMPAaHU U CHOTBETCTBAT Ha
aKTyaJIHUTE€ HYXKJIM KakTO Ha Hay4Hara OOIIMHOCT, Taka M Ha €HepruiiHata
WUHyCTPHS.

2. CreneH Ha NO3HABaHE ChCTOSTHUETO HA npoﬁ.ﬂeMa U TBOPpYECKa
HHTEpHNPETANUsA HA JUTEPATYPHUS MaTEPHUAJI

JlucepraiiuoHHUAT TPyl € pa3paboreH Ha Oa3ara Ha u3no3BaHu 209
JUTEPATypHU U3TOYHHUITM. BCHYKHUTE N3TOYHUITM Ca HA aHTJIMHCKH €3HK, KaTo 10T
10 % ca ot 6barapcku apTopu. CuuTam, 4e TUCEPTaHTHT € pasrieal U 0000
OTPOMEH 00eM JINTepaTypHUTE U3TOYHUIIM 110 TEMATHKATA.

JlutepatypHuaT 0030p B AMCEPTAUMOHHHUS TPYyHd € OOIIMpPEH W J100pe
CTPpYKTypUpaH. ABTOpBT JEMOHCTpHpA 3aAbJ0O0YEHO TIO3HABaHE Ha
CBILECTBYBAIIUTE Hay4yHU pa3paboTku B oOjacTra Ha MOJCIHUPAHETO Ha
(GOoTOBONTAMYHU CHCTEMH, BKIIIOUHUTEIIHO TEXHUTE OCHOBHH KOMIIOHEHTH —
¢doTOBONTAMUHN TEHEPaTopu, HHBEPTOPM U CHUCTEMH 3a CbXPAaHEHUE Ha
CHEeprusTa.

Pasrnenanu ca pazHooOpa3HU MOAXOAM, KOUTO MOTAT Jia ObJaT IPYIHPAHH
B HSAKOJIKO OCHOBHH HampapjeHUs: GU3NUecKu 0a3upaHu MOJEIN; EMIIMPUYHA U
pPErpecCHOHHU MOJICIIH;, METOJH 3a MAIIMHHO OOydYeHHE U JIbJIOOKO OOydeHHEe U
aHCaMOJIOBU ¥ XMOPHUIHH MOJICTIH.

HpaBI/I BIICUATIICHUC, Y€ aBTOPHT HC CC OrpaHndaBa A0 OIIMCATCIIHO
MNpCACTABAHC HA JIMTCPATYPHHUTC U3TOYHHUIN, 4 U3BBPIIBA KPUTHUYCH AHAJIN3 Ha
TEXHUTC MPCANMMCTBA W HCEAOCTATHIU. ITocouenu ca OrpaHHUYCHHUATA Ha
pPa3INYHUTC I10AXOJHU, 0CcOOEHO 10 OTHOIIIEHHWE Ha MNPHUIIOKUMOCTTA MM IIPU
p€aiHn CKCILIOAaTallMOHHHU Y CJIOBHUS.



ABTOp’bT AprymcHTHpa H€O6XOIII/IMOCTTa oT KOM6I/IHI/IpaHC Ha KJIaCH4YCCKH
MCTOAN C MOACPHU ITOAXO/U, 63.31/IpaHI/I Ha HAJIMYUCTO Ha JaHHHU OT MHOXKXCCTBO
HU3MCPBAHUA B PCAJTHH O6€KTI/I, KOCTO CBUACTCIICTBA 3a HAJIMYUC HAa aHAJITUTHUYIHO
MHUCJIEHE B CITOCOOHOCT 3a Hay4CH aHalIn3.

3. CborBercTBHE HA M30pPAaHATA METOAMKA HA U3CJeABAHE C MOCTABEHATA
1eJ ¥ 3a7a4M HA AU CEPTAIUOHHUS TPY/

JlucepTallnoHHUs TPy, € pa3pabOoTeH B JOTMYECKA IMOCIEAOBATEITHOCT U
peanm3upa nocTaBeHuTe 1eiu. [1o1XoabT € HHTePAUCIUIUIMHAPEH U 00eIMHIIBA
CJIEMEHTH OT KJIaCHYeCKaTa eJIeKTPOCHEPreTHKa, MaTeMaTHIECKOTO MOJIeIIpaHe
U ChbBPEMEHHHUTE METOAM 32 00pab0oTKa Ha JaHHHU.

B paGotara ca pa3zpaboTeHu:

O MaTeMaTH4YEeCKH MOJIENINU Ha (POTOBOJITAMYHUA U3TOYHUIM, OTUUTALIN
OCHOBHHUTE (PU3UYHU 3aBUCHUMOCTH;

O eMIHMpPUYHM MOJEIM Ha WHBEPTOpH, OazupaHu Ha peEaTHH
U3MEPBaAHUS,

O MOJeNu Ha OaTepuiiHU CUCTEMHM, BKJIFOUBAILM PA3JIMYHU MOAXOIHU 32
ONMCAHHE HA TAXHOTO NOBEJCHHUE;

O MOJENM 3a IPOTHO3UPAHE HA IMPOU3BOJCTBOTO HA EIEKTPOECHEPIHs,
M3MOJI3BAIA METO/IM 32 MAIIMHHO 00yYEeHHE.

Crnensa na ce oTOenex u U3MOJI3BAHETO HA IAHHU OT PEeaTHU M3MEpPBaHUs

Mpu pa3pabOTBAHETO U BAIUIUPAHETO HA MOieNuTe. TOoBa 3HAUUTEIIHO MTOBUIIIaBA
HAJICKTHOCTTA HA MTOJYYEHUTE PE3YJITATH U TIXHATA TPAKTUYECKA PUIOKUMOCT.

4. Kparka aHATUTHYHA XapaKTePUCTHUKA HA eCTECTBOTO M OI[€HKA HA
JOCTOBEPHOCTTA HA MAaTePHUAJIa, BbPXY KOWTO ce rpaJAsT NPUHOCHTE HA
JAUCEPTAIMOHHUS TPY/

MartepuanbT, BbpXYy KOWTO ce Oa3upaT M3CIeABAaHUATA, BKIIOYBA PEATHA
W3MEpBATETHU JaHHU OT (OTOBOJITAUYHU  EINEKTPOICHTPAIH, KakKTO U
JOMBJIHATETHN METEOPOJIOTUYHN W EKCIIOATAIMOHHU TIMapaMeTpu. ToBa e
CBIIECTBEHO TPEIMMCTBO Ha AWCEPTAMOHHUS TPy, Thil KaTO TIO3BOJISABA
pa3paboTBaHe Ha MOJEIH, OJU3KHU JI0 PEATHUTE YCIOBHS Ha paboTa.

W3non3Banu ca yTBBPAEHU CTATUCTUYECKU MOKA3aTeNM 3a OLlEHKa Ha
TOYHOCTTA, KAaTO cpeaHa al0CONIOTHA TPEIIKa; CpeJHOKBaJpaTMUHA TPEIIKa;
HOpMAaJTM3MpaHa TPENIKa; MPOIEHTHA IPEIlKa.

MeTtonuTe 3a 00yueHue, BAIUIMpaHe U TECTBAHE HAa MOJICIIUTE Ca KOPEKTHO
npuioxenu. [IpeacraBenurte pe3ynratu ca Jo00pe CTPYKTYpPUPAHU U TTOAKPEICHH
¢ rpadMYHU ¥ AaHATTUTUYHU 3aBUCUMOCTH.



Moxe Ada CC HaIIpaBU 3aKJIIOUCHHUC, Y€ U3ITIOJI3BAHHUAT IMOAXO0 € HAJICKICH,
a HAIIpaBCHUTC U3BOAU Ca JIOTUYCCKH ITOCIICOAOBATCIIHU U 000CHOBAHH.

S. HayyHu u/Win HAYYHO-NIPHUJIOKHH MPUHOCH HA I CEPTALMOHHUSA TPy

[IpuHocuTE HAa AMCEPTALMOHHUS TPYyA HMaT SICHO HU3PAa3€H HAyYHO-
IIPUJIOKEH U MPUIIOKEH XaPAKTEP.

OCHOBHUTE HAYYHO-TPUIIOKHU IPUHOCH MOTaT Jia ce 0000IIST:

O pa3paboTBaHEe Ha KOMIUIEKCEH MojaxoJ 3a Mojenupane Ha DEIL],
BKJIFOYBAI] OCHOBHUTE UM KOMIIOHEHTH;

O Cb3[1aBaHE HA AITOPUTMU 32 MPOTHO3UPAHE HA MPOU3BOJCTBOTO Ha
€JIEKTPOCHEPT U,

O aHajuu3 M CPaBHEHUE HA Pa3JIMYHU METOJM 3a MAIIMHHO O0ydYeHUue
IIpY pelIaBaHe Ha 3a1a4yu, cBbp3anu ¢ OELL;

O aJanTUpaHe Ha CbBPEMEHHH MOJXOJM 32 MAIIMHHO OOy4YeHHE KbM
cnenuUIHUTE YCIOBUSI Ha EIEKTPOEHEpPreTHKara.

Pa3paboTenu ca codpTyepHU HHCTPYMEHTH, KOUTO TO3BOJISIBAT U3CIICIBAHE
Ha pexumure cBbp3anu ¢ DEILl ype3 Meroaure U cpencrBara NPWIOKEHU B
JIUCEPTALUOHHHUS TPY .

[Ipunocute ca sicHo GoOpMyJIMpaHU U OTrOBapsT HAa M3UCKBAHUATA KbM
JUCepPTalMOHEH TPY I 3a Ipua00UBaHe HA CTEIEHTa ,,JOKTOP .

6. OueHka 3a cTeNneHTAa HA JUYHOTO YYacTHe HA IUCEPTAHTA B IPUHOCHUTE

AHaTM3bT Ha CHABPKAHUETO HA JTUCEPTANMOHHUSA TPYyJ IMOKa3Ba, dYe
JMCEPTAaHThT HMMa CHIECTBEHO JIMYHO Yy4YacTHE BBB BCHYKM €Talld Ha
W3CIIeJIBAaHETO — OT (popMyJIMpaHe Ha 33J]aunTe, Mpe3 pa3paboTBaHE HA MOJICITIUTE,
JI0 aHAJIW3a U UHTEpIIpeTalusITa Ha pe3yaTaTUTe.

N30panuTe MeTOaM, HAYMHBT HA TIXHOTO TpHUJIaraHe W HaIpPaBEHUTE
0000111eHNsT CBUIETEIICTBAT 3a CAMOCTOSTETHA HAYYHOU3CIICIOBATEICKA JEHHOCT
1 100pa MoAroTOBKA Ha aBTOpa B 00JIacTTa.

7. Ilpeuenka Ha mMyOJMKALMUTE 10 JUCEPTALMOHHUSA TPYA: Opoii,
XapakTep Ha M3JAHUATA, B KOUTO ca orneyarand. OTpaxenue B
HAYKATa — U3IM0JI3BaHe U IUTHPAaHe OT APYr'¥ aBTOPH, B IPyIrH
JlJadopaTopuu, CTPaHM U 1p.

CnuchKbT C HAy4YHU NMyOJIUKALMK [0 TeMaTa Ha JUCEpTalUsITa Ce ChCTOU
OT 1IecT Opos TPY/IOBE, KATO BCUUKUTE Ca HA aHTJIMKWCKHU €3UK U B pedepupanu



u3nanusa. B derupu ot TAX wHXK. TaHeB € IbPBH aBTOP, a INPEICTABECHUTE
myOJIMKaluK Bede uMat oo1o 21 uutupanus.

[Tpu pa3zpaboTBaHe Ha AUCEpTAIIMATA CA U3MOJI3BAHU M TPH MPOEKTA — JIBA C
MEXTyHAPOHO U €IMH C HAllMOHAIHO (PMHAHCHUPaHE.

[IpencraBenute nyOnuKanmuuM ca B TEMaTUYHO CHOTBETCTBUE C
JICEPTALMOHHUS TPYA W OTPa3sBaT OCHOBHUTE PE3YJTATH OT MPOBEIECHUTE
u3cienBanusi. TexHUsIT Opod € JOCTaThb4y€H, a ChAbPKAHUETO WM IOKa3Ba
MOCJIEZIOBATETHOCT B Hay4HaTa paboTa Ha aBTopaA.

8. MHMsmoJu3BaHe Ha pe3yJITATHTE OT AUCEPTALMOHHUSA TPy B HAYYHATa U
couMajaHaTa npaktuka. Hajiuyue Ha MOCTUIHAT NPAK HKOHOMHYECKHU
eext 1 np. JIOKyMeHTH, HA KOMTO C€ OCHOBABAa TBHPAECHUETO

PGSYHTaTHTG OT JUCCPTAUOHHUSA TPYd UMAT IIOTCHIHUAII 3a ITPUJIIOKCHHC B
IMpaKTHUKaATa, 0co0OeHO B 00/1acTTa Ha:

O IUJIaHWpaHE W  MOPOTHO3MpPAHE  HA  MPOU3BOJACTBOTO  Ha
EJIIEKTPOCHEPT U,
O ympapiieHue Ha (OTOBOJITAUYHH E€JIEKTPOLECHTPAIIH;
O ONTUMM3alUs Ha padoTaTa HAa CUCTEMHU 3a ChXPaHEHUE HA CHEPTHs.
N3non3BaHeTo Ha peaiHd JaHHU U OPUEHTUPAHOCTTa KbM MPAKTUYECKH

3aJa4d Ch3/1aBaT MPEANOCTABKU 3a BHEApPSBaHE Ha pa3pabOTEHHUTE MOJEIH B
peaHU yCIIOBUAI.

9. OueHka Ha CLOTBETCTBHETO Ha aBTOpedepaTa ¢ H3MCKBAHUSATA 32
U3rOTBSAIHETO MY, KAKTO M HA aIeKBATHOCTTA HA OTPa3siBaHe Ha
OCHOBHHTE MOJI0KEHHUsI U MPUHOCHTE HA TUCEPTAIHOHHUS TPY]

ABTOpedeparbT € U3rOTBEH ChIVIACHO YCTaHOBEHUTE MU3UCKBaHUS. B Hero
ca MPEICTaBEHN OCHOBHUTE ITOJIOKEHUS, METOAU U IPUHOCH HA U CEPTALHOHHHMS
TPYJ 1O SICEH U CTPYKTypupaH HauuH. ChAbpKAHUETO Ha aBTOpedepaTa KOPEKTHO
OTpa3siBa ChIIHOCTTA HA JUCEPTALUOHHUS TPY.

10. MHueHust, npenopbKH U 0eJ1eKKH

JlyucepTallnOHHUSAT TPy € pa3paboTeH Ha BUCOKO HUMBO. Karo npenopbka e
Jla ce MPOJBbIKA CbC CHOMPAHETO HA JAHHM OT PEATHH M3MEpBaHUs, 3a Ja ce
pasumupu 0azara 3a MpoBepKa Ha aJeKBAaTHOCTTA HA MOJIETIUTE.

11. 3akJioveHue C SICHA MOJIOKUTETHA WIH OTPUIIATETHA OLIEHKA HA
AUCEPTAIUOHHMS TPY/

JlucepTallMOHHUAT  TPYX  pasriekaa aKTyalHd HayYHO-IPUIIOKHU



HpO6HeMI/I B oOJracTTa Ha CIICKTPOCHCPI CTHUKATA. B AOKJIaIi Ha MCXKIAYHAPOIHH
KOH(l)epeHHI/II/I, KOHUTO Ca OOCTBIIHU B CBCTOBHHUTC HAYYHU 0a3u JaHHH, Ca
NpeacCTaBCHU IMOCTUTHATUTC PC3YJITATH OT JOKTOPAHTA. HpeI[CTaBGHI/ITe HAay4YHO-
IMPHUIIOKHU U IMMPHUIIOXKHHU ITPUHOCH Ca pCalHu.

Hucepranusara e opopMeHa U OTroBaps Ha M3UCKBaHUATA Ha 3aKOHA 3a
pa3BUTHE Ha aKajgeMuuyHus chcraB B PenmyOnuka bovarapus, [lpaBunnuka 3a
NpUIoKEeHHEeTo My U Ha [IpaBuiiHHMKa 3a yClIOBUATA U pela 3a NMpuaoOrMBaHe Ha
Hay4HH cteneHu B TY-Codus.

B 3aknrouenue, Gazupaiiku ce Ha TOPEU3NIOKEHOTO J1aBaM IMOJIOKHUTETHA
OIICHKA Ha JWCEPTAIMOHHUS TPYJ U MOETO CTAaHOBHIIE €: Ja ObJe MPHUCHICHA
oOpa3oBaTelIHA U Hay4YHa CTEIeH “‘oKTop” Ha Mar. uHxK. Tanbo MBanoB TaHes.
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on a dissertation for the award of the educational and scientific degree “Doctor’
in professional field 5.2 “Electrical Engineering, Electronics and Automation”,
scientific specialty “Electrical Power Plants and Substations”.

Author of the dissertation:

MSc Eng. Tanyo Ivanov Tanev
Title of the dissertation:

"Study of the operating modes of photovoltaic power plants'
Member of the scientific jury:

Assoc. Prof. Dr. Eng. Mediha Enver Mehmed-Hamza

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

The electric power system is one of the most complex and essential systems
for modern society. The conventional power system, developed and operated over
decades, follows a relatively stable and predictable concept—centralized
generation, unidirectional power flow, and passive consumers. In the
contemporary power system, renewable energy sources and energy storage
systems are an integral part, which necessitates forecasting and studying their
operating modes.

The issues examined in the dissertation are closely related to current trends
in the development of electric power systems, characterized by accelerated
integration of renewable energy sources, particularly photovoltaic power plants
(PVPPs), as well as battery energy storage systems. This transformation leads to
significant changes in system operating modes and imposes new requirements for
forecasting accuracy, power management, and energy flow balancing.

Particularly important are the tasks related to forecasting electricity
production; analysis of real operational modes; integration of energy storage
systems; and the participation of PVPPs in liberalized electricity markets.

In this context, the dissertation addresses a set of scientific and applied-
scientific problems related to the development of models and algorithms for
studying the operating modes of PVPPs. The relevance of the topic is further



supported by the focus on modern data-processing methods, including machine
learning, and the use of real measurement data for model validation.

The objectives and tasks are clearly formulated and correspond to the
current needs of both the scientific community and the energy industry.

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

The dissertation is based on 209 referenced sources. All sources are in
English, with fewer than 10% authored by Bulgarian researchers. The doctoral
candidate has reviewed and synthesized an extensive body of literature on the
topic.

The literature review is comprehensive and well structured. The author
demonstrates in-depth knowledge of existing scientific work in the field of
photovoltaic system modeling, including their main components—PV generators,
inverters, and energy storage systems.

Various approaches are examined, which can be grouped into several main
categories: physics-based models; empirical and regression models; machine
learning and deep learning methods; ensemble and hybrid models.

The author does not limit the review to descriptive summaries but provides
a critical analysis of the advantages and limitations of the different approaches,
especially regarding their applicability under real operating conditions.

The need to combine classical methods with modern data-driven approaches
is well justified, demonstrating analytical thinking and the ability to conduct
scientific analysis.

3. Compliance of the chosen research methodology with the goal and
objectives of the dissertation.

The dissertation is developed in a logical sequence and successfully
achieves the stated objectives. The approach is interdisciplinary, combining
elements of classical power engineering, mathematical modeling, and modern
data-processing techniques.

The work includes:
* mathematical models of photovoltaic sources reflecting key physical
dependencies;
* empirical inverter models based on real measurements;
» models of battery systems using different approaches to describe their behavior;



» forecasting models for electricity production using machine learning methods.

The use of real measurement data for model development and validation is
noteworthy. This significantly enhances the reliability and practical applicability
of the results.

4. Analytical characteristics and assessment of the reliability of the
material forming the basis of the dissertation’s contributions

The research is based on real measurement data from photovoltaic power
plants, supplemented by meteorological and operational parameters. This is a
major strength of the dissertation, as it enables the development of models closely
aligned with real operating conditions.

Established statistical indicators are used to assess accuracy, including mean
absolute error, root mean square error, normalized error, and percentage error.

The methods for training, validation, and testing of the models are correctly
applied. The presented results are well structured and supported by graphical and
analytical dependencies.

The approach is reliable, and the conclusions are logically consistent and
well justified.

5. Scientific and applied-scientific contributions of the dissertation

The contributions of the dissertation have a clearly expressed applied-
scientific and practical character.

The main contributions can be summarized as follows:
* development of a comprehensive modeling approach for PVPPs, covering their
main components;
» creation of algorithms for forecasting electricity production;
« analysis and comparison of different machine learning methods for PVPP-related
tasks;
« adaptation of modern machine learning approaches to the specific conditions of
power engineering.

Software tools have been developed that enable the study of PVPP operating
modes using the methods and techniques applied in the dissertation.

The contributions are clearly formulated and meet the requirements for
awarding the degree of Doctor.



6. Assessment of the doctoral candidate’s personal contribution

The analysis of the dissertation content shows that the candidate has
substantial personal involvement in all stages of the research—from task
formulation, through model development, to analysis and interpretation of the
results.

The selected methods, their application, and the derived conclusions
demonstrate independent research activity and solid preparation in the field.

7. Assessment of the publications on the dissertation: number, nature of
the publications in which they are printed. Reflection in science — use
and citation by other authors, in other laboratories, countries, etc.

The list of scientific publications includes six works, all in English and
published in peer-reviewed outlets. In four of them, Eng. Tanev is the first author.
The publications have already received a total of 21 citations.

Three research projects—two international and one national—have
contributed to the development of the dissertation.

The publications are thematically aligned with the dissertation and reflect
the main results of the research. Their number is sufficient, and their content
demonstrates consistency in the author’s scientific work.

8. Use of the dissertation results in scientific and social practice.

The results have potential applications in:
* planning and forecasting electricity production;
» management of photovoltaic power plants;
* optimization of energy storage system operation.

The use of real data and the practical orientation of the research create
favorable conditions for implementing the developed models in real-world
settings.

9. Assessment of the compliance of the abstract with the requirements

The abstract is prepared in accordance with the established requirements. It
presents the main concepts, methods, and contributions of the dissertation clearly
and coherently. Its content accurately reflects the essence of the dissertation.

10. Opinions, recommendations and comments.

The dissertation is developed at a high academic level. As a
recommendation, the candidate should continue collecting real measurement data



to further expand the basis for validating the models.

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

The dissertation addresses relevant scientific and applied-scientific
problems in the field of power engineering. The results have been presented at
international conferences indexed in global scientific databases. The scientific and
applied contributions are genuine.

The dissertation is properly formatted and meets the requirements of the
Law on the Development of Academic Staff in the Republic of Bulgaria, its
regulations, and the internal rules of the Technical University of Sofia.

Based on the above, I give a positive evaluation of the dissertation and
recommend that M.Sc. Eng. Tanyo Ivanov Tanev be awarded the educational and
scientific degree Doctor.

Date: 25.03.2026 Reviewer:.....cceeeeeeenenennne.



