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1. Kparku ouorpaguyHu JaHHH 32 KaHIUWIATA

Mapuo MopnanoB Mutos e poxen mpes 1963 r. B rp. CBHIIOB. 3aBbpIIBA BHCIIETO CH
obpaszoBanue npe3 1985 r. BpB Bucmmst xumuko-texHojorunueH HHCTUTYT — Codust (cera
XTMY), cnenuanHoct ,,ENeKTpoXUMHYHU IPOU3BOACTBA U U3TOYHUIM HA TOK. [Ipe3 1987 r.
3armoyBa pabora kato acucteHT B lOrozamagnen yHuBepcuteT ,,Heoput Puicku“ karo
acucteHT. [Ipe3 2000 r. 3amuraBa JOKTOpCKa JUCepTaLus, cle]l KOETO MOCIEeI0BATEIHO 3aeMa
JUTBKHOCTUTE ,,CTApIIM ACUCTEHT™, ,,TaBeH acucTeHT", ,aoueHt (2007 r.) u ,,nmpodecop
(2012 r.). Yere nexmuu 1o ,,00I1a ¥ HEOpraHUYHA XUMHUSA U ,,ENEKTpOXUMUS®; PHKOBOIU
JUIUIOMaHTH U TOKTOpaHTu. Hapen ¢ mpenogaBaTeickara cu JI€HHOCT pa3BUBa MHOT'O YCIIEIIHO
Hay4YHU U HAyYHO-TIPWJIOKHH H3cieaBaHus. OCHOBHUTE My Hay4HU MHTEpecu ca B o0jacTra
Ha EJEKTPOXHUMHYHOTO MaTepHaJOo3HAHUE, EJIEKTPOXMMUYHUTE M3TOYHUIM HA TOK U
OounoenekTpoxumusTa. ABTop € Ha 112 Hay4dHu cTaThM, npeodiaaaBalia yacT MyOJIMKyBaHU B
CHelalM3UpaHy CIIMCAHUS C BUCOK UMIIAKT (aKTop, HA y4EOHUIIM U y4eOHU OCOOUS, KAaKTO
Y Ha MHOTOOPOMHU JI0KJIa/IM, U3HECEHU Ha MEKIyHApPOIHU HaydyHU KoHpepeHuuu. Muaekc Ha
Xupmr — 14. PpKoOBOIUTEN W KOOPAMHATOP HAa 2 MEXAYHApOOHH U 14 HALMOHAIHU H
MHCTUTYLMOHAIIHYU IPOEKTA.

2. AKTyaJHOCT Ha mpodJemMa

[IpencraBenusat ot npod. MUTOB AMCEpPTALIMOHEH TPYH € MOCBETEH Ha €/1Ha M3KIIOUUTEITHO
aKkTyajlHa TeMaTHKa KakTo 3a bbarapus, taka cpiio 3a EBpomna u cBera — pazpaboTBaHe Ha
ITepHATUBUHU €HEPIMMHU U3TOYHHIIM 32 OCUTYPSIBaHE Ha YOBEUECTBOTO C YHCTA, CUTYPHA U
epexTuBHa eHeprus. JloOpe H3BECTHO €, Y€ MHTEH3MBHOTO HAapacTBAaHE Ha YOBEIIKaTa
UHAYCTpHUadHA JEWHOCT M Ppa3BUTHETO HA TPAHCIOPTHUTE CPEACTBA, W3MOJ3BAILU
TPaJIULUOHHU E€HEPIMMHM WM3TOYHUIIM, NPU HU3TapsSHETO HAa KOWUTO CE€ OTIENST 3HAYMTEIHU
€MHCHH OT BBIVIEPOJIEH AUOKCHU]I M IPYTH BPEAHU ra30BeE, BJIOIIABAT KAYECTBOTO HA BB3/lyXa U
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IIPUYMHSBAT NAPHUKOB €(EeKT, KOUTO OT CBOSI CTpaHa BOJMU 10 HEOJIAronpusATHU NPOMEHU B
KJIMMaTa Ha 3eMsATa. 3aCUJIEHOTO OOIECTBEHO OE3MIOKONHCTBO 110 OTHOLICHNE HA H3MEHEHUETO
Ha KJIMMaTa, HECUTYpHOCTTa B Ob/IeIaTa HATMYHOCT Ha U3KOIIAeMHU TOPHUBA U OJUTUYECKHUTE
OMaceHHs OTHOCHO CHEpruiiHaTa CHUTYpHOCT, CTHUMYJIHMpAT TJOOANHUS MHTEPEC KbM
BH300HOBSIEMUTE W3TOUYHUIM Ha E€HEPrus W KbM pa3jIM4YHU MHOBATUBHU TEXHOJOTUHU 3a
HEHHOTO CbXPAHEHUE — XUMUYHH, MEXaHUYHH, TEPMUYHHU, MATHUTHU U JP.

EnexTpoXuMHUYHUTE TEXHOJIOTUH 32 IPeoOpazyBaHe U ChbXPaHEHUE HA Bb30OHOBsIEMa CHEPIHs
ca 00EKT Ha 3acCWJIeH Hay4yeH M HWHIYCTpHAaJleH MHTEpEC, Thil KaTo ce OTIMYaBaT C BHUCOKA
e(EeKTUBHOCT, HaJIS)KTHOCT U €KOJOTUYHOCT. Hapen ¢ TpaJWIIMOHHO M3MOJI3BAaHUTE OJOBHO-
KHCETTMHHY, JUTHEBO-HOHHU W METal-XUAPUIHU OaTepuu, Mpe3 MOCICAHUTE TOAWHH Ce
pa3paboTBaT HOBHM BHUJOBE OaTepu U CYNEPKOHACH3aTOPU C MOJOOPEHU XapaKTEPUCTHKH 3a
CHeM(PUIHA CTAIIMOHAPHH W MOOWIHM TPHIOKEHUS, a BOJOPOJHUTE EICKTPOXUMHYHU
EHEePrUMHN TEXHOJIOTHH CE€ YTBBHP)KIAaBaT KAaTO HAM-TPUBJICKATEIHH OT €KOJOTHYHA TJIeqHA
TOYKa.

Cucremute 3a ChbXpaHEeHHE M TIpeoOpazyBaHe Ha eHeprusi, Oa3upaHu Ha BOJIOPOA —
€JIEKTPOJIN3bOPH, TOPUBHU €JIIEMEHTH M O00paTuMu OUQYHKIIMOHAIHU YCTPOWCTBA, ca
W3KJIIOUYUTETHO TMEepPCHEKTUBHHU, MOPaad KOETO BOJOPOIBT YECTO € OmpeieNsH (Hapea ¢

€JIEKTPUYECTBOTO) 3a €HEprueH BeKkTop Ha 21°

BEK, KOWTO ILl€ UIpae KIOYOBa poJii B
OpJemara ycTtoiynBa Kpbropa MKOHOMHUKA. ETO 3a1110, MOOWIIHUTE U CTallMOHAPHU CHEPTUITHA
TEHEPATOPH, 3aXPaHBAHU C BOAOPO/, Ca TEXHOJIOTHH C HYJIEBH EMUCHH M MOT'aT J1a C€ U3II0I3BaT
3a OCHUTypsIBaHE Ha YKCTa €HEPIus U TOIUIMHA BbB BCUYKU CEKTOPH HAa MKOHOMHUKAaTa U OWTa.
[Ipe3 mocnenHuTe TOAMHM  CEPUO3HO HApAacTBAa HMHTEPECHT WKbM  Pa3jIMYHHU
OMOENEeKTPOXUMUYHN CUCTEMH — MMKPOOMAIIHU TOPHUBHHU €JIEMEHTH, OHMOENEeKTPOIU3HU
KJIETKH, 00paTUMU 1 OM(PYHKIIMOHAIIHU CUCUTEMH, KOUTO Hape[ C IPOU3BOJCTBOTO HA BOJIOPOJL
W/WIN eJNEeKTPUYECTBO MoOraT Jla Ce M3MOJ3BaT M 3a JAPYrM IMPaKTHUECKH MPUIOKEHUsS -
[IPEYUCTBAHE HA OTIIAJHU BOJMU, OTJIAraHE HAa METAIU U Jp., U CBIIEBPEMEHHO Ca MOIIEH
MHCTPYMEHT 3a (yHIAMEHTAJIHW Hay4YHM U3CJIEIBAHMS, BKIIOUUTEIHO 3a U3ydyaBaHe
MEXaHU3MUTE Ha KJIETbUHUS METa00IU3bM.

[IpencraBeHUsT AUCEPTAIMOHEH TPY/ € €HO OOMIMPHO U KOMIUIEKCHO IIEJIEBO M3CIICBAHE, B
KOeTo ca o0O0O0OIIeHH pe3yiTatd OT pa3paboTBaHE W H3MUTBAaHE HA 7 Pa3IMYHU THUIA
EIEKTPOXUMUYHU ¢ OWOENEKTPOXUMUYHHU CUCTEMH, TMPEACTABISABAlIM YacT OT Hai-
CHhBPEMEHHUTE TCHICHIIUH B Ta3H 00JIACT.

3. XapakTepuCTHKA HA TUCEPTAHOHHUSA TPY/]

JlucepTallMOHHUAT TPyl € HanucaH Ha 333 cTpaHuIIM B TOBA YKUCIIO: ChAbPIKAHUE; CIUCHLU Ha
BKitoueHuTe 186 ¢urypu, 36 Tabaumm U 5 cxemu; CIUCHK HA U3IMOJI3BAHUTE CHKPAIICHUS;
pe3toMe; BbBEICHHE; 1IeN U 3a1a4i; IB€ OCHOBHHU IJIaBH, IPEJICTABSIIN HAYYHUTE PE3YJITATU U
JTUCKYCUATA KbM TSX; MU3BOAM; MPUHOCH; COUCHK HA LIUTUPAHUTE JIMTEPATYPHU U3TOUHUIY;
€IHO MPUJIOKEHHE C TAOIUYHU JJaHHU; CIIUCHK Ha 42 myOnuKamuu, BbpXy KOUTO € OazupaHa
JUCepTaIusITA.



Pezromemo MNpeacTaBsd B CHHTE3HMPAH BU U Ha IIONYIISIPEH €3UK Hall-Ba)KHUTE pe3yiITaTu OT
ABJIrOroJuuiHara pa60Ta Ha aBTOpa U € M3KIIOYUTCIHO IIOJIC3HO, 3a Ja I[O6I/Ie YUTATCIIAT
npeacrasa 3a HpO6HeMaTI/IKaTa, MaLua6a 1 3HAYMMOCTTA Ha NPOBCACHUCTC U3CIICABAHM.

Crnensa Bveedenue, B KOETO € 000CHOBaHA aKTYaJIHOCTTA HAa W30paHaTa HayYyHa TEMaTHKa U €
HampaBeH KPaThbK, HO U3KIIFOYUTEITHO ChbPIKATEIIEH HCTOPUIECKU TPEriie/l Ha pa3BUTHETO Ha
pa3IMYHUTE BUJOBE TOPUBHH €IEMEHTH, IPUHIMITBT HA TAXHOTO JACHCTBUE, CICU(DUIHNTE UM
XapaKTEPUCTHKH U 00JIaCTH Ha TMPHIIOKEHUE, KAKTO U 000OIIEHNE Ha BCE OIIEe HEPEIICHUTE
npo0ieMy, COUpaIy MacOBOTO HAaBJIM3aHE HA TE3M €KOJIOTHYHHM EHEPrUiiHU CUCUTEMH B OHTa
U HHAyCTpusATa. MHOTO IUIaBHO M B JIOTHYECKA MOCIIEIOBATEIHOCT BHBEJICHUETO 3aBBPILIBA C
NpeJCTaBIHE Ha OHOJIOTMYHUTE TOPHUBHH €JIEMEHTH U  EJIEKTPOJIU3bOPH, TOIYUHIN
MOIYJIIPHOCT KaTO MUKPOOHAITHU €HEPronpeodpa3yBalii CUCTEMH.

Ilenma Ha nucepTalMOHHUS TPYJ € KpaTKO M TOYHO (opMynupaHa, a IMOCTaBIHETO Ha
KOHKPETHHUTE 3a/layd 3a IOCTUIAHETO M, TOBOPST 3a CIIOCOOHOCTTAa Ha aBTOpa Ja IJIaHUpa
KOMIIETEHTHO M NpOBeXAa €(PEKTUBHO HAyYHUTE CH H3CIEIBAaHUS B KPaTKOCPOYEH H
IBITOCPOYEH IJIaH.

I'naga | ce cwcTOoM OT JBE YacTH — €/IHATa € MOCBETEHA Ha pa3paboTBaHE U U3CJE/IBaHE Ha
TOPUBHU €IIEMEHTH C JUPEKTHO OKHCIEHHUE Ha OOpXWUIpHI, a BTOpaTa — HAa TaKuBa C
eJIeKTpookucieHue Ha cynduan. CbaeiKku oT IpeCTaBeHUTe MyOINKaIlu, Te3H U3CIEABAHMS
o0XBalar mo-paHeH eTan OT Hay4HO-M3CJIeoBaTecKara paboTa Ha aBTOpa, KOETo obaue He
HaMaJlsiBa TAXHATA aKTYaJTHOCT. ABTOPBT € Bb3IPHUEN HHTEPECEH MOJIX0/1, KaTO BHB BCAKA YaCT
Hali-Harpe ] MpaBy KPUTHUYEH TPETyie]l Ha ChCTOSHUETO Ha MpobiieMa M OTPa3sBaHETO MY B
crelyanu3upaHaTa JUTepaTypa, Cilell KOETO NpEeACTaBsi M JUCKYyTHpa COOCTBEHHUTE CH
pe3ynTaTH, a HaKpas 3aBbpIIBA ChC CBOETO BIDKIAHE 3a MEPECIEKTUBU M HACOKU 3a ObAeIIn
uscneaBanus. [locnenHoTo € 0coOeHo 1IeHHO He caMo ¢ oriieq Ha ObaeniaTa My paboTta, HO U
M3KITIOYUTETHO MOJIE3HO KAaTO MOMAarajo 3a HErOBUTE JOKTOPAHTH U MO-MJIAJIA ChTPYIHULIH.

bes3 na omanoBakaBam HM Hali-Manko npejacTtaBeHuere B ['naBa | uzcneaBanus, onpeneiaeHo
CMsITaM, Y€ OCHOBHATa TeXeCT Ha nucepranusara € Inasa 11, KosTo 110 MO€ MHEHUE CITOKOHHO
O0u Morna na ObJie CaMOCTOSITENICH WM 3aBBPIICH IUCepTallMOHHEH Tpya. Beue orOenszax
aKTyaJTHOCTTa Ha Ta3u MpoOJieMaTrKa, HO CIIE/BA J1a ce moauepTae U (akThT, 4e Cpe/] HaydHaTa
KOJICTHUA B HallaTa CTpaHa Ta3u TEMATUKa CC pa3BrMBa CaMO OT HAKOJIKO HAYYHHU CKHIIAa U HpO(i).
Mapuo MutoB 6e3cropHo UMa Tuaupaa poisi. BHOeTeKTPOXUMUYHUTE CHCTEMH Ca CIIOKHU,
HETMHEWHU CHUCTEMH. BB3MpOM3BOAMMOCTTA MPU TO3W THI H3MEPBAHHS YECTO € MPOOJIeM.
3anpin00odeHnTe W3CIeABaHUS W3MCKBAT MPOABIDKUTENEH Nepuoa oT Bpeme. Heobxomum e
MYJITHANCIUILTANHAPEH MOAXO0/I U MTO3HABAHE Ha TOJISIM HA0Op OT aHATUTHUYHU, OMOXUMHUYHU U
CJIICKTPOXUMHNYHU MECTOAN, HCCTAHAAPTHU CKCIICPUMCEHTAIITHU TEXHUKH, CTATUCTUYCCKHN MCTO AU
3a 00paboTka 1 aHanu3 Ha pe3ynrarute. Bcuuko ToBa e Hanuie B AeBerTe yact Ha [nasa |l.

B uacmu 11.1 0o 11.4 aBTopbT mpaBu OpWISIHTEH NpErJie]] Ha TEOPETUUYHHUTE OCHOBH Ha
OMOENEeKTPOXUMUYHUTE CUCTEMH — CBIIHOCT U BHJIOBE; TEPMOJUHAMHYHU MapaMeTpu M
OCHOBHU KMHETUYHU ypaBHEHUES, ONMCBAIY [TOBEJACHUETO UM, BKIIOUUTEIHO U KPUTEPUH 32
e(pEeKTUBHOCT, EKCIEePUMEHTAIIHH METOAM 3a OIpelesisHe Ha eNeKTPUYECKUTe U
EJIEKTPOXUMUYHH XAPAKTEPUCTUKH; MUKPOOHOIOTUYHA U OMOXUMHYHU METOJH 3a OICHKa U
aHaJIN3; MOJEJIMpaHe Ha NPOTHYALIUTE IPOLIECH U CHIIECTBYBAIM YTBBPIACHU MOJEIH,



OIMCBAIIY TTOBEICHUETO HA PA3IMYHU BUJOBE OMOETEKTPOXUMHUYHU CUCTEMH. B kpast Ha yacT
I1.4 aBTOp®BT, CrieaBaiiku cBost moaxox ot [maBa |, oTHOBO 0000MIaBa HEpeMIEHUTE TPOOIEeMU
U JaBa HACOKUTE, KOWTO TpsAOBa Ja ce cjelnBaT, 3a Jla Ce IOCTUTHE MoJ00peHue B
OMOENEKTPOXUMUYHUTE TEXHOJOTMH 3a EHeprornpoOpasyBaHe: IMOA0OpsBaHE au3aiiHA Ha
PEaKTOpPUTE; W3CIIC[IBAHE BJIMSIHUETO HAa EKCIUJIOATAllMOHHUTE YCJIOBHS; ONTUMHU3HpPAHE HaA
yCIIOBUsATA 32 (OpPMUpPaHE HA €JIEKTPOXUMHYHO aKTUBEH (puiiM; paboTa B MEPUOANYUEH PEKUM
3a TOCTUraHe HAa MAaKCUMaJlHa MPOU3BOAMTEIHOCT; KOMOMHUPAHO U3IMOI3BAaHE Ha
MUKpPOOUAIHU TOPUBHU €JIEMEHTH U eNIeKTPOIU3bOpHU. Te3u HaCOKH aBTOPBT Ca3Ba CTPUKTHO
IIpH [IPOBEXKAHE U MPECTaBsIHE Ha HYYHHUTE PEe3yITaTH, OMMCAHU U TUCKYTHUPAHU JIETAlIHO B
gactu 1.5 no 11.9 Ha nucepranmonuuus TpyI.

Yacm 11.5 € nocBeTeHa Ha IPOKICHU OMOTOPUBHU €JlI€MEHTU. B pe3ynrar Ha ApiaroroauiiHa
paboTa B €KHI € Ch3AaZeHa KOMIUIEKCHA METOJOJIOTHS 33 YCTaHOBSIBAHE IPOU3XOAa Ha
EJIEKTPOXMMUYHATA aKTHMBHOCT Ha Pa3IMYHU MHUKPOOPTraHM3MH. Bapupanu ca yclioBHsTa B
OMOETIEKTPOXUMHYHHUTE CHCUTEMA C OIJIe] ONTUMH3HPAaHE HA W3BBHKIICTHYHUS €IEKTPOHEH
IPEHOC, TOJO00psiBaHE Ha EJICKTPHUYECKUTE XapaKTePUCTHKH U  MpOCIelIsBaHe Ha
METaOOJIMTHUTE IPOMEHH B KIJIETKUTE.

W3yuenu ca NpOMEHUTE B KJIEThYHMS JPOXKJICH METa00IU3bM MPH ClIEU(PUYHH YCIOBHS Upe3
yYMEJIO H3IMO0JI3BaHE HAa OMOTOPUBHUTE €JIEMEHTH KaTO MHCTPYMEHapUyM 3a IpOCieAsBaHe U
peructpupaHe Ha Te3W MpoMeHH. Jloka3aHO €, Ye eNEeKTPOHHU, NPOU3XOKIAIU OT
MUTOXOHAPHAITHUTE MPOIIECH 3a OKHCICHHE Ha CyOCTpaTa, Cce MPEHACAT EKCTpalelyJapHo U
y4acTBaT B TOKOOOpa3yBaIIUTe MPOILIECH B IPOXKICH OMOTOPUBEH €IIEMEHT.

YcTaHOBEHO €, Y€ CTUPHWIXWHOJMHHUEBUTE Oarpwia ca IOAXOIINM 3a H3IOJ3BaHE KaTo
€K30TeHHH MEAMATOPU Ha BBHHIMHOKIETHUEH ENEKTPOHEH MPEHOC B JAPOXKACH OHOTOPUBEH
enemeHT. Upes enekrpooriarane Ha 6arpuinoro 4-(E)-1-etun-4-(2-(4-xunpokcu-HadraneH-1-
WJT)BUHWJI) XUHOJIMHUEB OpOMUJ BBPXY BBITIEPOJICH HOCUTEN ca Ch3IaJAeHH MOAU(PUINPAHU
€IeKTPOIM C TIOBHILIEHA EJEeKTPOKATAIUTHYHA aKTHUBHOCT IO OTHOIIEHHE Ha aHOoJHATa
MIOJTyPEaKIIHsL.

Yacm 11.6 mnpencraBs OpUTMHAIHO, KOMIUIEKCHO W3CIICIBAHHE Ha CEIUMETEH THII
MukpoOuanHu ropuBHu enemeHTH (CMI'E), B koeTo ca Bapupanu roisiM Opoil IpOMEHJIMBH.
W3non3Banu ca COIEHOBOJHU U CIaIKOBOAM CEIMMEHTH OT Pa3IMYHU aKBATOPHH C PA3IUYHU
¢u3zukoxuMuuHu napameTpu. IlpocneneHo e BIMAHHETO Ha OKOJHATa cpena (OCBETEHOCT,
TeMIlepaTypa), Ha BHJIOBOTO Pa3HOOOpa3ve Ha MHUKPOOPTaHW3MHUTE, M Jp. YCTaHOBEHH cCa
TEHJICHIIMM B IIPOMSHATA Ha eNIEKTPUYECKUTE XapaKTePUCTUKU Ha cucTeMuTe. OCOOEHO 1IEHHO
B TE3W H3CIEABAHUS € JIEMOHCTPUPAHETO Ha pasznuuHu npuioxeHus Ha CMIE upes
1a00paTOPHU U TOJIEBU €KCIIEPUMEHTH. 3a LieNTa ca pa3padOTeHH OPUTMHAIHU KOHCTPYKLIUU
Ha €IMHUYHM KJIETKH, KOUTO MpH MapajieJHO WIM MOCIEJAO0BATEIHO CBBbp3BaHE Morar Ja
OCUTYpST HeoOXoJuMmaTa €Heprus 3a MPOABDKUTETHH aBTOHOMHH METEOPOJIOUYHU
n3MepBaHus. Upe3 pazpaboTeHa aBTOMaTH3MpaHa cHCTeMa 3a CbOMpaHE HA JAaHHU, €
neMOHCTpupaHo mnpuioxenuero Ha CMI'E, cranmoHupann Ha OTKPHUTO, 3a 3aXpaHBAaHE Ha
CEH30pEH MOJIyJI 33 ABJITOCPOYEH €KOJIOTMYEH MOHUTOPHHT.

B uacm 11.7. ca npeacraBeHn TUpEeKTHU (POTOCUHTE3UPAIIN PACTUTEITHU TOPUBHU €IEMEHTH —
€IMH OT Hal-HOBHUTE BUIOBE MHUKPOOMAIHM TOPHBHHM €JIEMEHTH, KOUTO (DYHKIIMOHHpAT Ha
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0a3ara Ha B3aUMOJICHICTBHE MEXly PACTEHUATA U IOYBEHUTE MUKPOOPIaHU3MU B pu3ocdepara.
VYcranoBeHo e, ye aOMOTHYHM (PAKTOPH KAaTO TEMIIEpaTypa, BIAKHOCT U MHTEH3UBHOCT HA
CBETIIMHATA, KAKTO M HUKBJIBT JCH/HOI BIUSAAT BbPXY I'eHepHpaHus TokK. Upe3 obmbuBaHe ¢
HENoJIIpU3UpaHa M MOJSpPU3MpaHa IOJM- U MOHOXPOMAaTHYHA CBETJIMHA € YCTAaHOBEHO
Y4acTHETO HA BUCIIM BOJHHU PACTEHUS B IUPEKTHUS BHHIIHOKJIETHUYEH €JIEKTPOHEH IIPEHOC 10
aHOZa Ha OMOTOPUBHMSI €JIEMEHT.

Yacm 11.8. npencraBs enHo crnenuduIHO TPUIOKEHHUE HA MHKPOOHATHUTE TOPHUBHHU
€JIEMEHTH, @ UMCHHO BB3MOXXHOCTTA T€ Jia CE M3IMOJI3BAT KOMOMHHMPAHO 3a OYMCTBAHE Ha
OTNAJHUA BOJIW M pEreHepupaHe Ha MeTainu. [IpoBeneHHMTE W3CIICABAHHUS TMOTBBHPIKIAABAT
BB3MOXHOCTTA 3a Ch3JaBAHE HA TEXHOJIOTHS 32 €THOBPEMEHHO OYMCTBaHE Ha OMOpa3rpaiuMu
OpPraHWYHU MPOJYKTH M PEreHEpPHpaHe Ha M| OT OTIAIHH BOIH, IPH KOETO JOIIBIHUTEIHO CE
TeHEepUpPA U EICKTPUYCH TOK.

W3cnensanusita npeactaBeHu B nociennata vacm 11.9 Ha qucepTalinoHHUS TPYHA CE OTHACST
710 MEKPOOUATHU €JICKTPOJIU3HU KJIETKU. DOKYCHT Ha MPOBEACHUTE EKCIICPUMEHTH, € BhPXY
n30opa Ha TMOAXOJSIIN EJICKTPOKATAIU3aTOPH 3a OHOCICKTPOXMMHUYHO IMOJy4YaBaHE Ha
Bojiopoa. OlieHeHa € eJCKTPOKATaJIUTUYHATa aKTHMBHOCT O OTHOIICHHWE HA MaplUaHaTa
peakiys Ha OTJEIIsTHE Ha BOJOPO/ Ha 27 HOBOCHHTE3MPAHH MATEPHAIH C PA3JIMYCH ChCTAaB B
HeyTpajieH (hocdareH eNeKTPONIUT, ¢ OrJIe]] MOTCHIMAIHOTO UM MPUJIOKEHHUE KAaTO KaTOJIH B
MuKpoOuainen enekrposnmsbop. C nBa Tuna mMoauduupanu katoaau marepuanu - NiW/Ni-
foam u NiMo/Ni-foam, € mocturaara mo-BMcoka eHepruiiHa e(h)eKTHBHOCT Ha MUKpOOHaIHA
€JIEKTPOJIM3HA KJIETKA, KAKTO U KaTo/IHa €()eKTUBHOCT 110 OTHOIIIEHHE OTACITHETO Ha BOJOPOI,
OT Te3W JOKJIa/IBaHU B JINTEPATypaTa 3a HeIUIATHHOBH KaTanu3aTopu. OuepTaHu ca KOHKPETHH
MHTEPECHH HACOKH 3a OB/ICIIN M3CIeIBaHHUS B Ta3U 00JIacT.

TpaauumoHHo, AMCEPTAMOHHUAT TpyA 3aBbpiiBa ¢ M3600u w Ilpunocu, xouto ca nodpe
dbopMyIMpaHM M TpPEACTaBAT OOCKTUBHO HHOBATUBHOCTTAa M INPUHOCAa Ha MPOBEJIECHUTE
U3CIEBAaHUS 3a I10-HAHTATBIIHOTO pa3BUTHE HAa HOBU AaNTEPHATHBHU U EKOJOTMYHH
M3TOYHUIIM HA €HEepIHUsl.

4. Metoau 3a u3cjieIBaHe U JOCTOBEPHOCT HA MaTepHuaJia

KakTto Beue Oe orOeinsg3aHo, 3a MOCTUTAaHE HA IeITa U U3NBIIHCHUE Ha 3a]aUTe, IIOCTABECHU B
JTUCEPTAIMOHHUS TPYJ ca MOAOpaHU YMENO W MPHIIOKEHHU IEIEeBO TOJISIMO pazHooOpasue oT
B3aMMHO JIOITBJIBAIM CE€ EKCIIEPUMEHTATHH METOJH, KOWTO Hai-00mo Morat ja Obaar
KJIaCU(PUITUPAHU B YETUPH TPYIIH:

. Mertonau 3a oxapakTepus3upaHe Ha CbCTaB, MOP(OJIOTHsl, MOBBPXHOCTHA U 00eMHa
CTPYKTypa (aHATUTUYHH, PU3HUHU, PU3UKO-XUMUYHH, CIIEKTPAIHM), B T.4. PEHTIE€HO-
cTpykTypeH aHanmu3 (XRD), ckanupama enektpoHHa mukpockonus (SEM), cuiosa
atoMHa Mukpockonus, UV-VIS cnektpodoromerpus, HOHHM3Upala eleKTpocrpeit
Maccriektpometpusi (ESI-MS/MS), sapeno marauten pesonanc (NMR), enepruiino
nucniepcHa ciekrpometpust (EDS)

J EnexTpoxuMuyHM METOOM 3a HU3CIEABaHE HAa MEXaHW3Ma Ha MPOTUYALUTE
CJIEKTPOXMMUYHH PEaKIUH U ONpeAEsiHE Ha EJIEKTPUUECKUTE XapaKTepUCTUKU Ha
u3cieBaHUTEe OOEKTH, KaTO LMKIWYHA U JIMHEIlHAa BOJTaMETpus, MOJISIPU3ALHOHHU



KPUBH, XPOHOAMIICPOMETPHS, XPOHOIOTECHIIMOMETPHS, CIKTPOXMMHYHA HMIICIaHCHA
CIIEKTPOCKOIHS

. Knacudyeckn MHKPOOHMOJIOTMYHA W MOJICKYJISIPHO OHOJOTHYHH METOJIU 32
uaeHTU(DUIIpPaHe Ha OMOJIOTHYHUTE OOCKTH

. CTaTUCTUYECKH METOIM 3a 00paboTKa M aHAJIM3 Ha PE3yJITATUTE - PErPECHOHCH
aHaJIM3, METO/IM 3a OlLIEHKA Ha IIbTHOCTTAa Ha BeposTHocTTa (Kernel density plot meTon,
Merona Ha Huber)

Upe3 Te3m MeToAM ca IOIY4YeHH TOJSIMO KOJUYECTBO EKCIEPUMEHTAIIHU JIaHHU 3a
XapaKTEPUCTUKUATE HA U3CIICIBAHUTE MATEPUAIIH, CIIEKTPOAU U CUCTEMH, YUATO JOCTOBEPHOCT
He OyaM HUKaKBO CbMHEHHE. ExcriepuMeHTaIHUTEe YCIOBHS ca TOAXOAAIO MOI0paHu, KOETO
rapaHTUpa yCIEUIHOTO MPOBEXKJaHEe Ha eKCIepuMeHTUTe. MHOro 100po BIeYaTIeHHE MpaBu
JIOTUYHATA II0CJIEA0BATEIIHOCT IPU INPOBEXKAAHE HA H3CICIBAHMATA W IPEACTaBIHETO HA
pe3yATaTUTe B JUCEPTALMOHHMS TPy, KAKTO M IMOJYEPTABAHETO HA pOJISITA HA EKUITHATA
paboTa, TaM KbJIETO U3CJIEIBAHUATA Ca MIPABEHU B CHTPYAHUYECTBO C JIPYTH U3CIEI0BATENN U
Hay4HH €KUIIU.

6. Hayq}m U HAYYHO-TIPWJIOKHU MIPUHOCH HA TUCEPTALMOHHUSA TPYI

[IpuHocuTe Ha TpEACTaBEHHsS AUCEPTAIMOHEH TPYyd ca OOEKTUBHO OICHEHH U SCHO
dbopmynupanu OT camusi aBTOp M a3 HiMma ga ru nosrapsim. lle orbOenexa camo, ue
MIPEICTAaBEHUTE M3CIIEABAaHUS, Makap W (OKycHpaHM BbpPXY €1Ha oOmja TeMaTuka -
AJITEpPHATUBHU €KOJIOTUYHU U3TOYHUILU HAa CHEPTUs, BCBIIHOCT €a JOCTA PA3HOPOAHU OT IJIeIHA
TOYKa Ha BU/1a HA U3y4aBaHUTE 0OEKTH, METOJIUKUTE 32 U3CIIeABAHE Ha IPOTUYALLIUTE IPOLIECH
U SIBJIEHUS, KAKTO M 00JaCTUTE HA TAXHOTO MPUIIOKEHHUE.

N36poennute oT npod. MUTOB IPUHOCH UMAT KaKTO YMCTO HAy4YeH U MO3HABATENICH XapakTep
— Ch3/1aBAHE HA HOBY 3HAHUS B €/1HA aKTyallHa MHOrooOelaBala TeMaTuYHa 00J1acT, Taka U
SIPKO U3pa3eH HAyYHO-TIPHIIOKEH XapaKTep - KOHCTPYHPAHE HA OPUTHHAIIHU 110 ChCTAB, JU3ANH
U IPWIOKEHUE MUKPOCHEPIMIUHU CUCTEMHM M JAEMOHCTpALlMs HAa TEXHUTE EKCILIOATal[MOHHU
XapaKTepUCTHKU B JIaOOpAaTOPHU, B OJIM3KHU J0 PEATTHU U B MOJIEBU YCIIOBUSI.

IIpencraBenaTta qucepranvs € €AMH MallaOeH HaydeH TPYHA, KOHUTO 0e3 BCSIKAaKBO CbMHEHHE
0000111aBa 3HaYMMHU COOCTBEHU HAYYHHU M3CIIEIABAHMUSA U TU CHIIOCTABS ChC CHIIECTBYBAIIOTO
CbCTOSIHHE Ha MPoOJeMa B MEX/IYHAPOIEH acleKT. J(ucepTallMOHHUAT TPy KaTerOPUYHO I11e
JIONIPUHECEe 3a IMO-HATATBIIHOTO YCIEUIHO pa3BUTHE HAa OMOENEKTPOXUMHUYHUTE MHUKPO
€HEPrUITHU CUCTEMH.

7. Kpuruunm 0ej1e’KKH U MPeNnopbKY 32 ObAey u3cjaeaBaHus

[MpencraBenaTa qucepTalysi € HalMCcaHa CTETHATO, ICHO U OaJaHCHUPAHO U BBHIIPEKH TOJICMUS
o0eMm, cire1Ba HEOTKIIOHHO 3aJI0)KE€HATa OT aBTOpa JIOTHKA. MaTepHallbT € IpeICTaBeH B HAyIHO
U3IbpKaH U TEPMHHOJIOTMYHO O€3yNpedYeH CTHJ, KOETO TOBOPU 3a BUCOKATa EpyIULHS U
OCBEIOMEHOCT Ha 1po¢. MHUTOB.

Hsmam kputnunu Oenexku. Kato mpenopbka OuMx oObpHalia BHUMaHHWE Ha Pa3HOPOIHOTO
o003HayaBaHe Ha M3MOJI3BAHUTE CHKPAIICHUS — HA MECTa 32 €IMH U ChIIM TEPMHUH C€ MOJI3BAT
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aKpOHUMHM Ha OBJIrapCKU €3UK, a Ha APYr'H — Ha aHIVIMHCKU. ChLIEBPEMEHHO UMa TEPMUHH, 32
KOMTO c€ IOJI3BAaT Pa3iIMYHM ChKpamieHus. ToBa pazMuHaBaHe o0aue, 10 rojsiMa CTEHEH ce
KOMIIEHCHUPA € [IPEICTAaBEHUsI B HAYAJIOTO HA JUCEPTALIMOHHUS TPYA CIIUCHK HA U3M0JI3BAHNUTE
CBKpAaLLEHUS.

CrnenuaanHo OuMX HCKajla Ja MOTYEpPTas 3HAYUMOCTTa HA TOCTHUTHATHTE pPE3YJITaTH II0
KOHCTpyHpaHe M HU3CJe/IBaHEe Ha CEAMMEHTHH MHUKPOOHAHU TOPUBHHU eJleMeHTH. Mmaiiku
MIpe/IBU]l HUBOTO Ha pa3pabOTKUTE HA aBTOpa IO Ta3H TEMaTHKa U 0COOEHO KOHCTPYHUPAHETO
Ha peasiHa (CKajaupaHa/MaiiabupaHa) cucTeMa, IPOBEICHUTE AbJITOCPOYHH TECTOBE B MOJIEBU
YCIIOBUS U MOJIyYEHUTE MHOTO 100pHU pe3yNnTaTH, KaKTO U Bb3MOKHOCTHUTE 3a palllpsBaHe Ha
o0JIacTUTE HA MPUJIOKEHUE Ha T€3H CUCTEMH, TOPEIO MPETNopbhUYBaM Ha aBTOPa J1a MPOABIDKU
CBOMTE M3CJEABaHMS B Ta3H HACOKA U J1a IOMUCIIH 3 IATEHTOBAHE HA pa3pabOTKUTE CH.

8. Ily6imkanuu, BKJIKWYEHH B JHCEPTANMOHHHS TPYJA M OTpPakeHHe B HaydyHaTa
JHUTEpaTypa

JlycepTallMOHHUAT TPYJ BKIIIOUBA PE3YNTATH OT HAYYHU U3CIICBAHUS, TOISIMA YAaCT OT KOUTO
ca JokJIazBaHu B o0mo 42 Hayuynu Tpyaa B nepuoga 2006 — 2018 r. Ot tax 27 cratuu ca
nyOJIMKyBaHM B PEHOMHpAHU chHcaHus ¢ uMmakT Qaktop (14 mexayHapomuu u 13
HanmoHanHu). llyOnukamuure ca B ChaBTOPCTBO € 3-5 aBTOpa, KOETO € THIHMYHO 32
M3clieloBaTeIcCkaTa TEeMaTWKa, HM3WUCKBAlla KOMOWHAIMS HAa YYEHH C JOMBJIBAIIa Ce
excrieptu3a. B 11 ot paborute mpod. MutoB ¢ mbpBu aBTop. OOmMAT Opoil craTuu B
pedepupanu u3naHus ¢ UMIAKT ¢GakTop Ha KaHaugara € 112, a 3abens3aHUTE UTATH Ha
HEroBuTe TpyaeBe HaaxBbpsIT 660. Ta3u KonMyecTBeHa CTATUCTUKA € MHOTO 100pa U € olle
€IHO JI0KA3aTEeJICTBO 3a KaueCTBOTO HA HAyYHHUTE M3CIEABAHUSA HA KaHAUAATa M HErOBOTO
JOCTOIHO MSICTO B MEXAyHapoJAHATa Hay4yHa OOIIHOCT MO Ta3u mpodiieMaTHKa.

9. IIpenenka Ha aBTOpedeparTa

ABTopedepaThT € HalpaBeH ChIVIACHO M3MCKBAHUATA, KaTO HAIIbJIHO OTPa3siBa MOJIYyYCHUTE B
HHCCpTaHHﬂTa pGSYHTaTI/I u HpI/IHOCI/I. ILI/ICCpTaHT'I)T € IOIIBJIHUIJI TOYHO BCHUYKHU I[OKYMGHTI/I,
HEOOXOIMMH 3a 3aIuTara.

10. 3akaouenue

B 3akmtouenue e orOenexa, 4e AMCEPTAUOHHUAT TPYA IpeacTass npod. 1-p Mapuo Mutos
KaTo M3TPaJieH yueH ChC 331bJI00UEHH O3HAHUS U €KCIIEPUMEHTATHN YMEHUS B TEOPETUYHHUTE
U TIPUJIOKHU ACTIEKTH Ha €JEKTPOXUMUATA U OMOENEeKTpOXUMHUATA. Toll Oe3CIOpHO € eKCIepT
B 00jacTTa Ha QJITEPHATUBHUTE EJIEKTPOXUMHUYHU H3TOYHUIIM HA EHEPrusi, B YaCTHOCT -
TOPUBHU €JIEMEHTH, MHUKpPOOMAJIHM TOPUBHM U €JNEKTPOJIW3HU KiIeTku. Bragee penuua
CbBPEMEHHU AQHAJIUTUYHM U  EJIEKTPOXMMHUYHM METOAM, KaKTo M  crneuuuyHu
eKCIIEpUMEHTAIHU TEXHUKH 3a u3ciiefBane. [Ipunara ymeno craTUCTHUECKH METOIM 32 aHAJIN3,
KOETO My IO3BOJISIBA JIa ITOCTaBs M YCIICIIHO Ja pellaBa mpoOyiieMy B Ta3M akTyaldHa M BayKHA
MYJITHANCIHUILTHHAPHA 001acT.



[Io obem, MeTOAMYHO HHBO, KA4€CTBO Ha IMPOBEACHHUTE W3CIEABAHMS, 3HAUMMOCT Ha
MOJIYYEHUTE PE3YyATaTH U MPUHOCHU HAa JUCEPTALMOHHMS TPY[, KAKTO U MO HAYKOMETPUYHU
naHau, pod. 1-p Mapro MuToB HanrbJIHO TOKpuBa u3cukBanusta Ha 3PACPB u IIpaBunanka
32 HETrOBOTO IPHJIOXKEHUE.

Bb3 ocHOBa Ha TOpEeM3I0KEHOTO M KAaTO M3XO0XKJAaM IpPEeIud BCUYKO OT MPUIOKHUTE U
METOAMYHHU IPUHOCU Ha JUCEPTALIMOHHUSA TPYA3 3a €JIIEKTPOXUMHUATA, OUOETIEKTPOXUMUATA U
u3cie0BaTeNcKaTa NpakTUKa, KakTo U (pakra, ye AUCEPTAaHThT Be4e Ce € YTBBPAMI KaTo
BHUCOKOKBAJIM(UIMPAH yUEH C MEXIYHAPOJHO NMPU3HAHHUE B CBOSITA 00JIACT, ¢ YOEIEHOCT 11
riacyBam HayunoTo xypu aa npucbau Ha npod. 1-p Mapuo MopaanoB MuToB HayyHaTa
crenied JIOKTOP HA HAYKUTE B Hayuno nanpasnenue 4. [Ipupoanu Hayku, MaTeMaTHKa
u nHpOpMaTHKa, HaydHa obaact 4.2. XUMUYECKH HAyKH, CTICUATHOCT ,,Heopranmuna Xxumus .

Codus, 19.08. 2019 r.

/mpod. nxu E. CnaBuesa/
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1. Brief biography of the applicant

Mario Yordanov Mitov was born in 1963 in Svishtov. He completed his higher education in
1985 at the Higher Institute of Chemical Technology - Sofia (now CTMU), specialty in
"Electrochemical Production and Power Sources”. In 1987 he started working as an assistant
at South-West University "Neofit Rilski". In 2000, he defended his PhD degree and then,
subsequently held the positions of Senior Assistant, Chief Assistant, Associate Professor
(2007) and Professor (2012). He lectures on “General and Inorganic Chemistry” and
“Electrochemistry”; supervises graduate and doctoral students. Along with his teaching
activity, he carries out very successful scientific and applied research. His main scientific
interests are in the field of electrochemical material science, electrochemical power sources
and bioelectrochemistry. He is an author of 112 scientific articles, most of them published in
specialized journals with high impact factor, textbooks and tutorial materials, as well as
numerous papers presented at international scientific conferences. Hirsch Index - 14. He has
been leader and coordinator of 2 international and 14 national and institutional projects.

2. Relevance of the problem

The dissertation presented by Prof. Mitov is dedicated to a very important topic not only for
Bulgaria but also for Europe and the world - development of alternative energy sources for
providing the society with clean, safe and efficient energy. It is well known that the intensive
growth of human industrial activity and the development of vehicles using traditional energy
sources, which burn significant emissions of carbon dioxide and other harmful gases, impair
air quality and cause a greenhouse effect thus, causing adverse climate change on Earth. The
enhanced public concern about climate changes, uncertainty about the future availability of
fossil fuels and political concerns about energy security, stimulate the global interest in



renewable energy and in various innovative technologies for its storage - chemical,
mechanical, thermal, magnetic, etc.

The electrochemical technologies for conversion and storage of renewable energy are subject
of increased scientific and industrial interest, as they are highly efficient, reliable and
environmentally friendly. In addition to the traditionally used lead-acid, lithium-ion and
metal-hydride batteries, new types of batteries and supercapacitors have been developed in the
recent years with improved characteristics for specific stationary and mobile applications, as
the hydrogen electrochemical energy technologies have been recognized as the most attractive
from the environmental point of view.

The hydrogen-based energy storage and conversion systems - electrolysis cells, fuel cells and
reversible bifunctional devices are extremely promising. The hydrogen is often considered
(along with electricity) as a 21% century energy vector that will play a key role in the future a
sustainable circular economy. The mobile and stationary hydrogen-powered energy systems
are zero-emission technologies which can be used to provide clean energy and heat in all
sectors of the economy and households. In the recent years, there has been a growing interest
in various bioelectrochemical systems - microbial fuel cells, bioelectrolysis cells, reversible
and bifunctional systems that, in addition to hydrogen and/or electricity production, can be
used for other practical applications - wastewater treatment, deposition of metals, etc. These
systems are also a powerful tool for basic scientific research, including the study of the
mechanisms of cellular metabolism.

The dissertation presented is a comprehensive and targeted research, which summarizes the
results of the development and testing of 7 different types of electrochemical and
bioelectrochemical systems, which are part of the latest trends in this field.

3. Characteristics of the thesis

The dissertation is written on 333 pages including: content; lists of 186 figures included, 36
tables and 5 schemes; list of abbreviations used; resume; introduction; purpose and tasks; two
main chapters presenting and discussing the scientific results; conclusions; contributions; a
list of references cited; annex; list of 42 publications on which the thesis is based.

The Summary presents in a synthesized and popular language the most important results of
the author's many years of work. It is extremely useful for the reader to get an idea of the
problems, the scope and the importance of the research performed.

The following is an Introduction that substantiates the relevance of the selected scientific
topic and provides a brief but extremely meaningful historical overview of the development of
the different types of fuel cells, their working principle, the specific characteristics and fields
of application, as well as a summary of the challenges that have not yet been solved,
hindering the massive deployment of these environmentally friendly energy systems into the
household and industry. Very smoothly and logically, the introduction ends with the
presentation of biological fuel cells and electrolysers, which have become popular as
microbial energy conversion systems.



The purpose of the dissertation is short and precisely formulated, and the setting of the
specific tasks for its achievement, speak about the author's ability to plan competently and to
carry out his scientific research effectively in the short and long term studies.

Chapter | consists of two parts - one on the development and study of fuel cells with direct
oxidation of borohydride, and the second on those with sulfide electrooxidation. Judging from
the publications presented, these studies cover an earlier stage of the author's research work,
which, however, does not diminish their relevance.

The author has taken an interesting approach - in each part he starts with critical review on the
state of the art of problem in the specialized literature, then presents and discusses his own
results, and finally concludes with his vision of the perspectives and directions for future
research. The latter is particularly valuable not only in view of his future work, but also
extremely useful in helping his doctoral students and younger associates.

Without neglecting in the least the research presented in Chapter I, I am convinced that the
main score of the dissertation is Chapter I1, which in my opinion could be an independent and
completed dissertation. | have already noted the relevance of the bioelectrochemical energy
systems in the contemporary clean energy issue. However, it should also be emphasized that
among the scientific colleges in our country only a few scientific teams work in this field and
Prof. Mario Mitov undoubtedly plays a leading role. The bioelectrochemical systems are
complex, nonlinear systems. Reproducibility with this type of measurements is often a
problem. In-depth research requires an extended period of time. A multidisciplinary approach
and knowledge of a wide range of analytical, biochemical and electrochemical methods, non-
standard experimental techniques, statistical methods for processing and analysis of results
are required. All this is present in the nine parts of Chapter II.

In Parts 11.1 to 11.4 the author provides a brilliant overview of the theoretical foundations of
bioelectrochemical systems - nature and types; thermodynamic parameters and basic kinetic
equations describing their behavior, including performance criteria; experimental methods for
determining electrical and electrochemical characteristics; microbiological and biochemical
methods for evaluation and analysis; modeling of ongoing processes and existing validated
models describing the behavior of different types of bioelectrochemical systems. At the end of
Part 11.4, the author, following his approach adopted in Chapter I, again summarizes the
unresolved problems and gives directions that must be followed in order to achieve an
improvement in the bioelectrochemical energy generation technologies: improving reactor
design; study of the impact of operating conditions; optimization of the conditions for the
formation of an electrochemically active film; reverse operation for maximum performance;
combined use of microbial fuel cells and electrolysers. The author strictly adheres to these
guidelines when conducting and presenting the results obtained, described and discussed in
details in Parts 11.5 to 11.9 of the dissertation.

Part 11.5 is devoted to yeast-based biofuel cells. As a result of many years of teamwork, a
complex methodology has been developed to establish the origin of the electrochemical
activity of various microorganisms. The conditions in the bioelectrochemical systems have
been varied to optimize extracellular electron transfer, to improve the electrical performance,
and to track the metabolic changes in the cells.



The microbial fuel cells have been used as a powerful tool to study the changes in the cellular
yeast metabolism under specific conditions. The electrons derived from the mitochondrial
substrate oxidation processes have been shown to be transported extracellular, participating in
the current-generating processes in a yeast microbial fuel cell.

Stirylquinolinium dyes have been found to be suitable for use as exogenous mediators of
extracellular electron transfer in a yeast microbial fuel cell. By electrodeposition of the dye 4-
(E) -1-ethyl-4- (2- (4-hydroxy-naphthalen-1-yl) vinyl) quinolinium bromide on a carbon
carrier, modified electrodes with increased electrocatalytic activity with respect to the anode
half-reaction have been created.

Part 11.6 presents an original, comprehensive study of sediment microbial fuel cells (SMFC),
in which a large number of parameters are varied. Saltwater and freshwater sediments from
different geographical areas with different physicochemical properties have been used. The
influence of the environment (illumination, temperature), the diversity of the microorganisms,
etc. have been monitored. Trends in changing the electrical characteristics of the systems have
been identified. Particularly valuable in these studies is the demonstration of various
applications of SMFC through laboratory and field experiments. For this purpose, original
single cell designs have been developed that, when connected in parallel or in series, can
provide the energy required for continuous autonomous meteorological measurements.
Through the development of an automated data collection system, the application of outdoor
stationed SMFC to power a sensor module for long-term environmental monitoring has been
demonstrated.

In Part I11.7. direct photosynthetic plant fuel cells have been presented - one of the newest
types of microbial fuel cells that function on the basis of interaction between plants and soil
microorganisms in the rhizosphere. Abiotic factors such as temperature, humidity and light
intensity, as well as the day / night cycle have been found to influence the current generated in
the cell. By irradiation with non-polarized and polarized poly- and monochromatic light, the
involvement of higher aquatic plants in the direct extracellular electron transfer to the anode
of the biofuel cell has been detected.

Part 11.8. presents a specific application of microbial fuel cells, namely the ability to use them
in combination for wastewater treatment and metal recovery. The conducted studies have
confirmed the possibility of creating a technology for simultaneous purification of
biodegradable organic products and regeneration of copper from wastewater, with
simultaneous generation of electric current.

The research presented in the last Part 11.9 of the dissertation deals with microbial
electrolysis cells. The focus of the experiments is on the selection of suitable electrocatalysts
for bioelectrochemical hydrogen production. The electrocatalytic activity with respect to the
partial hydrogen evolution reaction of 27 newly synthesized materials with different
composition has been evaluated in a neutral phosphate electrolyte Their potential application
as cathodes in a microbial electrolysis cell has been considered. Using two types of modified
cathode materials - NiW/Ni-foam and NiMo/Ni-foam, a higher cathodic efficiency with
respect to hydrogen evolution reaction, as well as a higher energy efficiency of the microbial



electrolysis cell than those reported in the literature for non-platinum catalyst have been
achieved. Particularly interesting directions for future research in this area have been outlined.

Traditionally, the dissertation ends with Conclusions and Contributions, which are well-
formulated and objectively present the innovation and contribution of the research carried out
to the further development of new alternative and environmental sources of energy.

4. Methods of examination and validity of the material

As already noted, in order to achieve the goal and fulfill the tasks set in the dissertation, a
wide variety of mutually complementary experimental methods, which can generally be
classified into four groups, have been skillfully selected and targeted:

o Methods for characterizing composition, morphology, surface and volume
structure (analytical, physical, physicochemical, spectral), incl. X-ray structural analysis
(XRD), scanning electron microscopy (SEM), atomic force microscopy (AFM), UV-
VIS spectrophotometry, ionizing electrospray mass spectrometry (ESI-MS/MS), nuclear
magnetic resonance (NMR), energy dispersive spectrometry (EDS)

o Electrochemical methods for investigation of the mechanism of the
electrochemical reactions and determination of the electrical characteristics of the
studied objects, such as cyclic and linear voltammetry, polarization curves, chrono
amperometry, chronopotentiometry, electrochemical impedance spectroscopy

o Classical microbiological and molecular biological methods for identifying
biological objects

o Statistical methods for processing and analysis of results - regression analysis,
methods for estimation of probability density (Kernel density plot method, Huber
method)

By means of these methods a large amount of experimental data on the characteristics of the
studied materials, electrodes and systems have been yielded, the reliability of which is beyond
any doubt. The experimental conditions are appropriately selected, which guarantees the
successful conduct of the experiments. The logical consistency in conducting the research and
presenting the results, as well as the emphasizing the role of teamwork where research has
been done in collaboration with other researchers, leaves a very good impression.

6. Scientific and applied contributions of the dissertation

The contributions of the dissertation presented are objectively evaluated and clearly
formulated by the author himself, and | will not repeat them. I will note only that the
presented studies, although focused on a common topic - alternative environmentally friendly
energy sources, are in fact quite different in terms of type of objects studied, methodologies
for investigating the ongoing processes and phenomena, as well as the fields of their
application.

The contributions listed by prof. Mitov have both a purely scientific significance - creation of
new knowledge in an up-to-dateprospective thematic area, as well as a pronounced applied
character - construction of original micro-energy systems in regard to their composition,



design and application as well as demonstration of their operational characteristics in
laboratory, in near to real and in-field conditions.

The dissertation presented is a complex scientific work that undoubtedly summarizes
significant own research results and compares them with the existing state of the art in global
aspect. The dissertation will strongly contribute to the further successful development of
bioelectrochemical micro energy systems.

7. Critical notes and recommendations for future research

The dissertation presented is written in a concise, clear and balanced manner, and despite its
large volume, it follows strictly the logic set by the author. The material is presented in a well-
maintained and terminologically flawless style, which speaks to the high erudition and
awareness of prof. Mitov.

| have no critical remarks. As a recommendation, | would like to draw attention to the
heterogeneous designation of abbreviations used — for the same term the used acronyms are
sometimes in Bulgarian and in othertimes in English. There are also different abbreviations
used for one term. However, this discrepancy is compensated to great extent by the list of
abbreviations added at the beginning of the dissertation.

| would particularly like to emphasize the importance of the results achieved regarding the
design and investigation of sediment microbial fuel cells. Given the proven high level of the
author’s expertise on this subject, the constructed scaled-up real system, the long-term field
tests performed and the very good results obtained, as well as the existing possibilities for
expanding the areas of application of these systems, | strongly recommend the author to
continue his research in this direction and also to consider patenting of his inventions.

8. Publications included in the dissertation and reflection in the scientific literature

The dissertation includes research results, most of which have been reported in a total of 42
scientific papers in the period 2006 - 2018. 27 of these articles have been published in reputed
journals with impact factor (14 international and 13 national). The publications are co-
authored with 3-5 authors, which is typical of research topics requiring a combination of
scientists with complementary expertise. In 11 of these works prof. Mitov is the first author.

The total number of articles in refereed journals with an impact factor of the candidate is 112
and the noted quotations of his works exceed 660. This quantitative statistics is very good and
is additional proof of the quality of the candidate's research and his well noticeable place in
the international scientific community in this field of science.

9. Evaluation of the abstract

The abstract is made according to the requirements, fully reflecting the results and
contributions received in the dissertation. The applicant has completed exactly all the
documents required for the defense.



10. Conclusion

In conclusion, the dissertation presents prof. Mario Mitov as a well-established scientist with
extensive knowledge and experimental skills in the theoretical and applied aspects of
electrochemistry and bioelectrochemistry. He is undoubtedly an expert in the field of
alternative electrochemical energy sources, in particular - fuel cells, microbial fuel cells and
bioelectrolysis cells. He is proficient in a number of modern analytical and electrochemical
methods, as well as in specific experimental research techniques. He applies skillfully
statistical methods of analysis, which enables him to pose and successfully solve problems in
this contemporary and important multidisciplinary scientific field.

In terms of volume, methodological level, quality of the conducted research, significance of
the obtained results and contributions of the dissertation, as well as scientometric data, prof.
Mario Mitov fully covers the requirements of the Law for the development of academic staff
in Republic of Bulgaria and the Rules for its implementation.

Based on the all stated above, and primarily on the applied and methodological contributions
of this dissertation to electrochemistry, bioelectrochemistry and research practice, as well as
taking into consideration the fact that the applicant has already established himself as a highly
qualified scientist with international recognition in the field, 1 will confidently vote jury to
award Prof. Dr. Mario Yordanov Mitov scientific degree DOCTOR OF SCIENCE in
Scientific field 4. Natural Sciences, Mathematics and Informatics, Scientific direction 4.2.
Chemical Sciences, Scientific specialty “Inorganic Chemistry”.

Sofia, 19.08. 2019

/ Prof. DSc. E. Slavcheva/



