Yuusep3uter y beorpany
EnexrporexHudxu GakyiareT

HACTABHO-HAYYHOM BERY

Ipeamer: Pedepar o ypaheHoj JOKTOPCKo]j JUCEpTaNHjy KaHauaTa AMup Abena

Omrykom Hacrasro-Hayunor Beha EnekTpoTexHMUKOr (axynreTa JOHETOM Ha CEIHHUIM
onpxanoj 10.03.2026. roguue (Gpoj omryke 480/31 ox 10.03.2026. ropuse), IMEHOBaHU CMO 3a
wraHoBe KoMucHje 3a Ipersiex W OleHy IOKTOpcKe aucepranuje kaaupara Ammp AbGena mon

HaCJIOBOM
, ONITAMAJIHA AJTOKALH]a CHCTEMCKHX YCIyra Y MEKPOMPEKH €2 00HOB/LUBHM

H3BOpHMA eHepruje 3a morpede mosehama (aekcnéuIHOCTH cHcTEMA

ITocie mperyeaa QOCTaBIbEHE JUCEpTaIHje W APYTHX IpaTehnx MaTepujaia ¥ pasroBopa ca
kanguaaroM, Komucuja je caunamia cneaehn

PE®PEPAT

1. YBOJ

1.1. Xponosoruja oobpaBaiba U u3pajie JUcepTanmje

28.11.2024. roxuHe KaHMAAT je IPHjaBho TeMy 3a H3pajy JOKTOPCKE TUCepTalHje.
03.12.2024. rogune Komucuja 3a cryauje Tpeher creneHa pasMarpaia je IpeiIor TeMe 3a u3pary
JIOKTOpCKE aucepranyje u mpemror Komucuje o oleHM Hay4yHe 3aCHOBAHOCTH TEMe

Hacrasno —mayunom Behy Ha ycBajame.

10.12.2024. rogune Hacrasro-HayuHo Behe umernosaio je Komuchjy 3a orieHy Hay91He 3aCHOBAHOCTH
TEME JIOKTOPCKE AUCEpTaIlHje.

11.02.2025. rommae HacrasHo-Hayuno Behe ycBojmwio je V3Bemraj Komumcuje 3a omeHy HaydHe
3aCHOBAHOCTH TEMeE JIOKTOPCKE TUCEPTaLIHje.

25,03.2025. roquae Behe Hayunnx o6acTu TEXHUYKHX HayKa Jajlo je CarJlaCHOCT Ha IPeJior TeMe
JOKTOpcKe AucepTanuje. Pemrerse 6poj 61206/2-25 ox 25.03.2025.

26.02.2026. roqyHe KaHAAIAT je IPEao JOKTOPCKY AUCEPTalijy Ha OLEHY.



03.03.2026. roxuue Komucuja 3a cTyauje Tpeher cremeHa IMOTBpAMIIA j€ HCIYHBEHOCT MOTPEOHUX

ycmoBa 3a IopHOmIewme mpemiora HacraBHo-Haygydom Behy Emektporexmumukor

daxyntera 3a popmuparme Komucuje 3a OIleHy JOKTOPCKE JUCEPTALH]E.

10.03.2026. rommse HactaBHO-Hayuno Behe ®akynrera mmenoBano je Kommcujy 3a onemy
JokTopcke nuceprarmje (6poj omtyke 480/31 ox 10.03.2026. romume).

1.2. Hayuna o6yiacT guceprangje

Tucepranuja kaugumara Amupa AGena NpHIaga HaydHOj obnacty TexHHUKEe Hayke —
EJIeKTPOTEXHUKA, yXa HaydHa oOmacT EIeKTpOeHepreTCKM CHCTeMH. 32 MEHTOpa AucepTauuje
onpehien je mp Iopam [loGpuh, Banpensm npodecop Ha VYumpep3ureTy y beorpany —
EnexTpoTexHMuky  akynTeT, 300r MCTaKHYyTHX JOIPUHOCA Y YXOj Hay4uHoj oOmacTu
ENeKTpOeHEepreTCKH CHCTEMH, TOCEGHO y 06IacTiMa YIIpaB/bakha MEUKPOMpEKaMa, ONTAMH3AIje 1
MHTErpalyje OOHOBJFMBUX M3BOPa EHEPrije, KojuMa ce 6aBH ¥ IpeaIMETHA IUCEPTALY]a.

1.3. buorpadcku mogamny o XaHamuuaaTy

Amup Xamup AGen pohen je 20.10.1981. rogmre y obnactu Ambap, Mpak. OcHOBHY U
cpelmby KoMy 3aBpimuo je y Arbapy 2001. rojume, HaKOH Yera je HCTe TONMHE YIHCAO CTYHHje
CIIEKTPOTEXHUKE ¥ eNeKTpoHuKe Ha TeXHOOMKOM yHHUBEp3uTeTy y barmany, rie je QUmioMupao
2005. roguye.

MacTep akafeMcKe CTy/Hje U3 eNeKTPOTEXHUKE ¥ eNIeKTpoHuKe ymucao je 2015, roqune Ha
Vuugepsurery Typcke Basnyxomiosre acouyjaunje (Turkish Aeronautical Association University),
rae je 25.10.2017. romume onGpaHmo MacTep paj mon HacmosoMm ,Power Supply Quality
Improvement Using Dynamic Voltage Restorer (DVR) In Iraqi Network*, o MeHTOpcTBOM HpOd.
np JaBana Paxebuja, ca ommuTuM ycnexom 9,51.

Jloktopcke cryauje Ha EmexrporexuudkoM (axynrery YHusepsutera y beorpany, cmep
ENeXTpoeHepreTcke Mpexe i CHCTeMHU, KaHauaar je ynucao 2021/2022. ronune. ToxoM JOKTOPCKHX
CTY/IMja IOJI0XKHUO j€ CBe MpeBUljeHe NCIINTE ca IPOCEIHOM oreHoM 9,71.

Kaumunat uMa Bume of 17 romwHa IpoeCHOHANHOI MCKYCTBAa y €IIEKTPOCHCPIeTCKOM
CEKTOPY, 3aIlociieH je y MUHICTapCTBY enekTpudHe eHepruje Pemy6iuke Upak, rae o6aBiba ocIoBe
IIaHApama, [IPOjeKTOBamba, M3rPafmbe M OApXKaBama JUCTPUOYTMBHUX U IPEHOCHHUX
CJIEKTPOEHEPIETCKIX MpeKa. YUeCTBOBaO je y OpOjHIM IIPOjeKTHMa Koji o0yXBaTajy HHCTalauyjy,
TecTHpame W HyINTame y pan eneKTpudHux tpadocramuma 33/11 kV, moxsemnmx kabiosa
HaJ3eMHHUX BOJOBA, KA0 U OIpeMe 3a YIIPaBJbarbe H 3allTUTY.

Amup AGeq je ayTop M KOayTop BHILC HAyYHHX PajioBa Yy MEhyHapoIHMM 4acOIHCHMa K
360pHHIEMa MeljyHaponHuX KondepeHuja, yKibydyjyhiu jenan pan y dacomucy kareropuje M23
(Applied Sciences) u Bue paxoBa y kareropuju M30 Ba peHomupannm koH(eperimjama IEEE.

AKTHBHO ce CITy)K¥ apalCKUM U €HIJIECKAM je3HKOM, Y3 OCHOBHO II03HABAIHE TYPCKOL je3HKa.

2. OITNC JUCEPTAIIUJE

2.1. Campxaj nucepranuje

JokTOpcKa AUcepTanyja Kanauaara AMupa Abesa CTpyKTypHCaHa je y HEKOIUKO JIOTHIKHX
IeNIMHA Koje 00yXBaTajy: yBo y IpobieMaTuKy (QIeKCHOMIHOCTH CICKTPOCHEPTETCKUX CHCTEMA Ca
BHCOKHM YZIEJIOM 0GHOBJEMBUX U3BOpPA CHEPrHje, IPHKa3 CTamba y 061acTi IIoMONHIX (crcTeMCKUX)
yeIyra y MEKpompexama, $opMmylanujy npobremMa ONTHMANHE aIOKAlje CHCTEMCKHX YCIyra,
pa3Boj MOJIEIMPaka MUKPOMPEKE 1 YIPaB/BHBUX PECypea, e uHHCAE ONTUMU3AIIOHOT OKBHPA
1 Al/eBoJTy THBHYX aJIrOpPUTaMa, Pear3allijy ¥ TECTUPArhe HPeUI0KCHHX IIPOLEyPa, Kao ¥ aHalu3y
NoOHjeHrX pesyIirara, 3aKJbydKe ¥ MOryhe mpasie Ja/bUX HCTPaXKUBAmLA.
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2.2. Kparak npuka3 nojeIMHayHUX IOIJ1aBIba

IIpBO NOTIABIbE Naj€ KOHTEKCT U MOTHBALY]y 32 HCTPAXMBAKLE, oTasehu o u3azosa y pany
ENEeKTPOEHEPTETCKHUX cucTeMa ca Bucokum ynenom OVE u notpebe 3a puexcubunnommty. ¥ okBupy
IIOINIaBlba JAT je IpEryiel CTamba y o0JacTH CHCTeMCKHX YCIyra M MHKPOMpEXa, jacHO Cy
GOpPMyIIMCAaHM HMCTPaKMBAYKA W3230BH U HABEJCHM TINIABHH JOIPHHOCH NHCEpTAlHje, Kao U
CTPYKTYypa paja.

JIpyro IoriaBsbe IpyxKa cBeo0yXBaTaH Iperiel KOHIENTa MUKPOMPEXKa, FBUXOBHX OCHOBHUX
KOMIIOHEHTH ¥ TIOTCHIMjaTHUX KOPHCTH, Ka0 ¥ W3a30Ba y IOIVICIY YIIpaBibalba M HHTETpalHje y
eIEKTPOEHEPreTCKr cucreM. Jlata je nerajbHa KiacHuKanuja MUKpoMpexa (0 yIpaBbaukuM
TeXHHKaMa, BEIMYMHHU, U3BOPHMA, CIEHapHjuMa, JIOKAlWjH ¥ IPUMEHH), OIMCAHe Cy DPasIMYuTe
apXxuTekType (mapalenHa, CepHjcKa, xuOpujHA) W aHAIM3MPAHH ACHEKTH CTAOUIHOCTH
MHKPOMpPEXKHOT CHCTEMA.

Tpehe mornaske je moceehieno mojMy GIEKCHOMIHOCTH €IEKTPOCHEPIETCKOT CHCTEMA,
eHMM METPUKaMa U ycIIlyrama Koje gornpunoce duexcubunHocTd. O6pahern cy yrunaju nosehasor
ynenma OUE Ha pax cucreMa (KparKOPOYHH, CPEAHEPOYHH ¥ JyrOpOYHH), KiacH(pHKaimja
CHCTeMcKHX yciyra (perynamuja (pekBeHIMje M HaloHa, pesepse, black-start, nmpurymerme
OCLIMUIANHja, YIIPaBIhake 3aryIehMa) ¥ BPEMEHCKA XOPU30HTH Ha KOjEMA Ce OBE YCIIyTe PYXajy.

V HapemHuM IOIJIaB/bUMa KaHAWZAT YBOJW A€TaJjbaH MOZEI MMKPOMpEKE 3aCHOBaH Ha
CIGRE pegepentHoM cucteMy 1 GopMyHIne IpodIeM ONTHMAIHE aJOKaIlKj€ CHCTEMCKUX YCIyra
IpUMEHOM KOHIenTa BupryenHor ontepehiema (Virtual Load) u reHeTHukor anropurma.
CrpoBezieHa je KoMIapaTHBHA aHaIM3a u3Mely jeJHOYBOPHOr U HNETa/bHOT MOJCIa MUKPOMPEIKE,
KOjOM ce KBaHTHTATHBHO [I0Ka3yje yTHIa] H300pa MoJieNa Ha TEXHUYKO-€KOHOMCKE ITOKa3aTeJbe paja
U OIIpaB/iaBa Kopummheme AeTaJbHOT MOJIEI0BahA.

V 3aBpmHOM Aeny aucepranuje mpezncrasibeH je xubpunaun GA-ANN oksHp, y KOMe ce
FEHETHYKM AIrOpUTaM KOpUCTH OQUIajH 3a Te€HEepUCame CKylla ONTHMAIHUX pEIICHa, HOK Ce
BEINTauKa HEypoHCKa Mpexka o0ydaBa ja WX ampokcumupa u omoryhm Ops3o mpensubame
(rekcHOMITHOCTH MUKPOMpEXEe y peallHoM BpemeHy. Ilokasano je na o6yvena ANN nocTike BeoMa
Mavte rpemke y ogaocy Ha GA (ucnox 1% 3a mojequHavHe pecypce U arperupano GajlaHChparse), y3
3Ha4YajHo Kpahe BpeMe H3paduyHaBarba, INTO oMoryhaBa IPUMEHY y ONEPaTHBHOM IUIAHUpamy M
[Py Karby CHCTEMCKUX yCIIyra y peaTHoOM BPEMEHY.

V 3aBpIIHEM IIOITIABJEMMA CAXETH Cy INIABHH Pe3yJITaTH MCTPaXKHBaa, HAIJAIEeH yTHIa)
INeTaJbHOT MOJIEIOBAMa M IPEUIOKEHAX ONTHMU3ANHAOHUX HPHCTyIa Ha (IEKCHOMIHOCT
MHKpoMpexke B Moryhaoct uarerpanuje seher yaena OUE. HaBenenu cy u Moryhu mpaBiy gajser
HCTPaXUBaha, Kao INTO Cy IPOIIAPEse MOJieIa Ha CIOXKEHHje MPEXe, yBOherme ONaTHUX THIIOBA
yCIlyra i HHTerpalyja ca HallpeJHUM IuaTdopMama 3a yIpaB/bamke Y PCalHOM BPEMEHY.

3. OIIEHA JUCEPTAITAJE

3.1. CaBpeMeHOCT ¥ OPHUTHMHAIHOCT

Tema JOKTOpCKE JucepTanuje Kanauaata AMupa AGesa je caBpeMeHa W y MOTIYHOCTH Y
CKIaJy ca aKTyeJIHAM IIpaBIEM pa3Boja EJIEKTPOCHEPIETCKMX CHCTEMa Ca BHCOKHM yJIETIOM
0GHOBIbHBHX U3BOpa eHepruje. DoKyc Ha QIEKCHGIIHOCTH CHCTEMa, CHCTEMCKUM yCITyTaMa | yJI03H
MUKPOMpEXa y IIpyXKamy THX yCIyra OJroBapa TPEHYTHHM HCTPaXHBAYKMM M HHJIYCTPH)CKUM
IpUOPHUTETAMA Y 00IACTH TaMEeTHHUX Mpeska i uaTerpanuje OUE.

OpHIMHATHOCT JIUCepTaIyje Ore/ia e y pasBojy AeTabHOT MOJieIa MUKPOMPEKE IOTOTHOT
33 ONTHMAIHY AIOKALM]y CHCTEMCKMX YCIYra M y IPEIOXKCHOM ONTHMH3AIMOHOM OKBHPY KOjU
KOMOMHYyje €BONyTHBHE AITODHTME W METOAe BemTadke uHTeymrenuuje. Iloceban nompumHOC
IIpeJICTaBJba IPUMEHa KOHIeNTa BupTyensor ontepeherma u xubpunHor GA-ANN npucTyna 3a 6p30
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npenpaljame QIEKCUOUITHOCTH y PEAIHOM BPEMEHY, YAME CE IPEBA3HIIa3e OrpaHuyerha KIIACHIHHX,
HCKJBYUHBO O(JIajH ONTUMH3ALMOHIX METOMA. ' I ' ’ C
TIpe/iosKeHy MOJICIH | IIPOTIe Ty Pe TIPy3kajy HOBE YBHE ¥ YTUIIA] H360pa HHBOA AETaIbHOCTH
MOJIeNIOBatba MIKPOMPEXE Ha PE3yJTare ONTHMHE3ALHje M IOKasyjy Ja JICTA/bHHje MOJENOBambe
MoOKe 3HAYAJHO YTHIATH Ha TEXHHUKE U EKOHOMCKe IoKasarelbe paja. Ha Taj Haumn mucepranyja
YHOCH OpHTHHATAH JOIPHHOC ¥ OONACT yIpapibama MEKpOMpeXama M IUIaHUpaEa CHCTEMCKHX
yeyra y 6yxyhuM, GrekcuOuIHIM eIeKTPOSHEPreTCKUM CHCTEMAMA.

3.2. OcBpT Ha pedepeHTHY U KOpUITAEHY JTUTEPATYPY

JluTeparypa KopuinheHa y JcepTanujy je OOMMHa U aKTyenHa, B o0yxBara 3Ha4aja Gpoj
pajoBa M3 PEHOMHpAHMX MelyHapo/HMX dacommdca M 300pHMKA KOH(pepeHIHja KOju ce OaBe
MHEKpoMpexkama, (uiekcubunaomly eNeKTPOSHEPIeTCKUX CHCTEMa, CHCTEMCKHM ycjoyrama H
IIPMMEHOM HalpenHuX onruMu3anionux 1 Al metona. [loceGHo j je 3a moXBaIy IITO CY y NPErIIe]y
THTepaType oOyxBalieHM HOBMjH pPamOBM KOjH OXpaxaBajy HajcKopuje TpeHHoBe y obnactu
uurerpamyje OUE u ympaBibatba JUCTpUOYHpaHUM pecypcumMa.

Kauampmar noxasyje qo6po o3HaBarme peleBaHTHUX H3BOPa, KOj€ CHCTEMATHYHO KOPUCTH 33
hopMyIIHCabe HCTPaXKUBAYKOT MpobieMa, HACHTH(HKAIKjy HeTOCTaTaKa y oCTOjehuM pellemhima
1 OIpaB/ame MoTpede 3a MPeAIoKEHIM TPACTYTIOM. Pedepenue nucy HasezeHe Gopmaino, Beh cy
KPMTHUKY aHaIM3UpPaHe y KOHTEKCTY TeMe, y3 jJaCHO MCTHUIAme CIUYHOCTH U PA3NMKa Y OJHOCY Ha
ocrojehie pamone. V Ie/IMHM, MOXE CE 3aKJbyIHTH Ja je peepeHTHH OKBUP IUCEPTALH]E a/ICKBATAH,
aKTyeJaH U MOAyIupe HayqHy 3aCHOBAHOCT IIPEJIOKEHUX MOJIeIa ¥ METO/A.

3.3. Onuc ¥ aieKBaTHOCT IPUMEHLCHIAX HAYVUHIX METOJIA

V nucepranmuju cy MpHMEHEHE METOJE Koje Cy y MOTHYHOCTH Yy CKIamy ca IPHpOIoM
MCTPaXMBAYKOT IIPOOJieMa M CaBPEMEHOM IIPakcoM y OOJACTH EIEKTPOCHEPreTCKHX CHCTEMa M
BelTayke MHTENHrennuje. Kauau/ar je Hajiupe crpoBeo cBeoOyXBaTaH IIPErJIe/ JIUTepaType, 3aTHM
opMy/HCca0 MaTeMaTHYKe MOJENe MUKPOMPEXKE M CHCTEMCKHX YCIyra, a IOToM AeuHHCA0
OITHMU3ALIOHY IPoOIeM KOju 00yXBaTa TEXHHYKA M CKOHOMCKA OTPaHNYCHA.

3a pelaBame [OCTAB/HEHOT OITHMH3AIMOHOr IHpobiemMa MPUMEHCHH Cy €BOIYTHBHU
aNropuTMH ¥ MeToje Bemrauke mHTenurenimje (GA m ANN), mTo je ajmexBaran u3Gop 3a
KOMIUIEKCHE ¥ HeJIMHeapHe 3a[aTKe ca BEeNMKAM OpojeM yIpaBJbMBHX mapaMeTapa. Kopumthene
METOe Cy jacHO OIMCaHe, TApaMeTpH alropurama Cy 0OpasloXeHH, a BaJbaHOCT ILPHCTYIa je
IIpoBepeHa Kpo3 6pojHe cuMyIanroHe cuenapuje. Ha Taj Hadun mokasaHo je fa ¢y ofabpaHe HayuHe
MeTolle IpHMepeHe LU/beBMMA Juceprandje M Jga omoryhasajy noGujame IOy3faHHX H
IIPAMEHJBUBUX pe3yIITaTa.

3.4. TlpyMeHJBUBOCT OCTBApCHHUX pPe3yJiTara

OcTBapeHH pe3yNTaTd [MCepTaldje MMajy jacHy HpPakTHYHYy [PUMEHY Y IUIaHHpamy H
yIIpaBJbarby MHKPOMpEXaMa ¥ IIHPUM EIEKTPOCHEPreTCKUM CHCTEMHMa Ca BHCOKHM yJIEIOM
0GHOBJPUBHX M3BOpa eHepruje. IIpeUIoKeHn OUTUMM3ALIOHY OKBHD 34 aOKALMjy CHCTEMCKAX
yeiyra omoryhiasa onepaTopuMa U IjaHEpAMa 1a 60Jb¢ HCKOPHCTE PACIIONIOKUBE Pecypee, CMarbe
OIICPaTHBHE TPOLIKOBE U YHANPE/Ie IOKA3aTesbe 0Y3AHOCTH 1 KBaJINTETa HaIlajarba.

[loce6HO je 3HauajHo mrro xubpumun GA-ANN mpuctyn omoryhaBa OHOIICH:E
OLICPATHBHHX OJITYKa y TOTOBO PEaiHoM BpEMEHY, LITO j€ HPEAYCNIOB 33 MPUMEHY y CaBPEMEHUM
CHCTEMHMa ¥ KOjMa CE CTAme Mpeke M PacIiONIOKUBOCT pecypea 6p30 Memajy. PasBujerHn Mozen
¥ MeTojie MOIy C€ DEIaTHBHO jEHOCTABHO MPHIIATOAMTH DA3HYMTAM TONONOIHjaMa M
KOH(HTypalujaMa MUKPOMpEXa, INTO HX UMHM IPUMEHJBUBAM Yy IMHMPEM CIIEKTPY MPaKTAIHUX
ClIydajeBa, o1 1aGopaTOPHjCKUX OKPYKEHsa JI0 PEaTHUX JUCTPUOY THBHUX CHCTEMA.
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3.5. OgeHa JOCTUTHYTUX CIIOCOOHOCTH Kagaugara 3a CaMOCTAJIHW HaY9YHU pasl

Ha OCHOBY IIpeICTaBJ/bEHOT HCTPaXKHBamba, CIPYKType H Cajipkaja JUCepTanuje, Kao H
00jaB/beHAX panoBa, MOXKE CE€ 3aK/bY4UTH Ja je Kanmumar Amup Abex crekao noTpeOHe
COOCOGHOCTH 3a caMOCTAIHK Hay4yHu paj. KanmunaT je camocTalHo (POpMYIHCAa0 MCTPaKHBAYKK
npobieM, M3BPIIKO ajeKBaTaH H300p M INpHIAarchaBame HAyIHHX METOZA, CIIPOBEO OICEKHE
HyMepHUKe aHAIM3E ¥ KPUTHIKY HHTEPIPETHPAo JoOHjeHe pesyTare.

O6jaBipHBambe pesyirara mucepranuje y MehyHapognom uacomucy ca SCI nmere ¥ Ha
peNeBaHTHAM KOH(epeHIjaMa MoKasyje Jia KaHmuAaT yMe Ja CBOja MCTPaXHBamba IPEeICTaBU U
HAy4HO] jaBHOCTH, y CKJIamy ca craHmapiuMa crpyke. CBe HaBeleHo ymnyhyje Ha 3akibydak Ja
KaHIMAAT II0CE/Yj€ BUCOK HABO CTPYYHE 3PEJIOCTH M HCTPAKHMBAYKE CAMOCTAHOCTH HEOIIXO/AH 32
JlaJb¥l HAYYHH U aKaJeMCKH Pa3Boj.

4, OCTBAPEHU HAYYHMN JOIIPUHOC

4.1, TTpuxas ocTBapeHUX HAYUHHUX JTOIPHHOCA

JToKTOpCcKa JUcepTanyuja Kanaunara Amupa Abesa capy BHIIE jaCHO MACHTH(UKOBAHNX
HAyYHHUX JOIPUHOCA ¥ OOJIACTH €JIEKTPOCHEPreTCKAX CHCTEMa, Ca HarlacKoM Ha MHUKPOMpEXKE H
cucTeMcke yciyre. [IpBu 3HaYajaH JONPUHOC OTJIENA CE Y pa3Bojy JAETAJBHOT MOJeTIa MUKPOMpEIKe,
Koju 0OyxBaTa OGHOBIBUBE W3BODE, CHCTEMe 3a CKIAJMINTEHEC M YIPaB/bMBO onrepeheme,
npuIarofjeHor 3a1auMa ONTHMAIHE aToKallije CHCTEMCKUX YCIyra i aHanu3e GprekcuGHiIHoCTH.

Jpyra pomnpusoc je ¢opMmyiandja ¥ IpHMEHa ONTHMM3ALMOHOI OKBHpa 3aCHOBAHOI Ha
TeHEeTHIKOM arOPUTMY 3a PACIIOAEITY CHCTEMCKHUX yCIlyTa Ha PacllojIoKIBE PECYypCe, y3 yBaKaBarmbe
TEXHHUKYX ¥ €KOHOMCKHX OrpPaHdYerha, YAMe ce II0Ka3yje 3Hauaj JeTaJbHOI MOJIEIOBAba Y OHOCY
Ha jeIHOYBOPHE IIPUCTYIIE.

Tpehiu ronmpuHOC MpejicTaBba passoj xubpuaaor GA-ANN oxsupa, koju oMoryhasa na ce
pE3yNTaTd pAavyHCKH 3aXTEBHE ONTHMH3AIMjE ,IPEHECY” y MOJEN 3aCHOBAH Ha BEUITAYKHAM
HEYPOHCKHM MpeXkaMa, CIoco0aH 1a y pealHoM BpeMeHy obesbeljyje XBamuTeTHy anokauujy
CHCTEMCKHX yCIyra.

KoHauHO, HayuH¥ IOIPUHOCH JUCepTaliuje MOTBpheHH cy U Kpo3 oljaBJbeHe pajioBe y
MeljyHapoHoM Yacommcy M Ha KoH(epeHIWjama, y KojuMa Cy IpPCeUIOKCHH MOJCIN M METOZE
IPE3EHTOBAHN CTPYYHO] jaBHOCTH M OILEHCHH Ka0 PEJCBAHTHH M OPUTMHAIHH Y KOHTEKCTY
CaBPEMEHHX HCTPaKHBaa y O0JAacTH yIpaBibarba MAKPOMpEXaMma M MHTETpaluje OOHOBJBUBHX
H3BOpa eHepryje.

OcTBapeHH Hay4HH JOIPHUHOCH Cy Y IOTIYHOCTH Yy CKJIaJy ca OYCKHBaHHM JOIIPHHOCHMA
HaBeeHUM y OGpasoxemy TeMe JIOKTOPCKE IMCepTalje ¥ JOJAaTHO HMX KOHKPETH3yjy Kpo3
pasBHjeHe MOJIeIe, aNTOPUTME U CTYAUjE CIIydaja.

4.2. Kputruka agaiysa pe3yiIrara NCTPAKUBarba

PesynraTé MCTpaXXuBara Cy CHCTEMATHYHO IPUKA3aHK U KBAaHTUTATUBHO aHAIM3UPAHH, Ca
jacHMM HcTHIarbeM edexaTa IPEUIOKECHAX METOJa Ha TEXHHYKE ¥ CKOHOMCKE IIOKa3aTesbe pana
MEKpoMpexe. [loceGHO je 3HauajHO WITO ce Kpo3 IMopelere jeAHOYBOPHOr M JITAa/BHOI MOJIENa
moKasyje Ja u360p HHBOA HETaJbHOCTH MOJEIHparma MOXe JHOBECTH /0 PasiHKa y ONTHMATHEM
pemmemuma 1 10 oko 10-11% oxcrymama y KibyYHAM UHAUKATOPHMA, IITO je yOeIspiB apryMeHT 3a
IpHMEHY JIeTaJbHHUjer IPACTYIIA.

V xubpuaaom GA—ANN OKBHpY KaHIUIAT je KPUTHYKE Carienao OXHOC M3Mely TaqHOCTH
11 pagyHCKE CII0MKEHOCTH: [I0Ka3aHo je a ANN Beoma 106p0 pelpoayKyje pesynraTe GA y33Ha4ajHO
Malbe BpEME M3padyHaBarba, ajli M Ja KBaIMTET 00yYeHe MpexKe 3aBHCH O] PEIPE3CHTATUBHOCTH
ckyma GA pemema. Kanjuzar ykasyje Ha OrpaHAYerba Koja ce OXHOCE Ha KOHKPETaH pedepeHTHH
MOJIeN MEKpOMpeXKe 1 u3abpaHe cleHapuje, Kao i Ha moTpeby a ce IPeI0KEHE METOAE IOZIATHO
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TeCTHpajy Ha JPYTEM TONOJNOTUjama i y mpucycTBy Behier 6poja peanHux orpaHuuesa. Y IeTHHH,

aHali3a pe3yjrara je YPaBHOTEKCHA, Ca jaCHO HCTaKHYTHUM IIPEAHOCTHMA IIPEIIOKCHOT IIPUCTYIIA,
alln 1 CBeIIIhy O JIOMCHY HBEroBE IPUMEHJbUBOCTH U HOTeHI_[I/Ij aJIHIM OTrpaHHYCIbUMa.

4.3. Bepuduxanuja HayYHHX JOIIPUHOCA

Kaununar je ayTop/koayTop BHUIIE HayYHHX IIyOnuKanuja y MehyHapOJHHM YacolucHMa
300pHHUIIMA KOH(EpEHIHja i3 00IaCcTH eNEKTPOCHEPIETCKUX CHCTEMa, MUKPOMPEXKa 1 KBATUTETA
elektpuuHe enepruje. O6jasuo je jeman pan y Mehyrapogrom gaconucy ca SCI mucre, kateropuja
M23, Xoju je MUpEKTHO NOBE3aH ca TEMOM HOKTOPCKE AHMCEpTaldje, Kao M BHIIC panoBa y
36opHUNMa MelyHapoaHuX KoHdeperimja kaTeropuje M30.

Jlucra pajioBa.
M23 (yaconucu)

1. [M23] Abed, A., & Dobri¢, G. (2024). Real-Time Optimization of Ancillary Service
Allocation in Renewable Energy Microgrids Using Virtual Load. Applied Sciences, 14(18),
8370. https://doi.org/10.3390/app14188370

M30 (xoudepennnje)
1. [M30] M. ®opman, I'. To6puli, A. Abed, M. Xapxosuh, M. Iki¢, J. Forcan, M. Barragan-
Villarejo, J. Maza-Ortega, F. de Paula Garcia-Lopez, ,Real-Time Testing of Microgrid

Control Algorithms: Development of Experimental Setup®, XXIX medunarodna konferencija
INFORMACIONE TEHNOLOGLJE IT2025, Zabljak, Feb, 2025.

2. [M30] A. Abed, N. Alwan, M. H. Abed and G. Dobri¢, ,,Efficiency of post-processing in
PMU based state estimation of renewable energy microgrids®, 2023 IEEE Belgrade
PowerTech, Belgrade, Serbia, 2023, pp. 01-06, doi:
10.1109/PowerTech55446.2023.10202834.

3. [M30] A. H. Abed, J. Rahebi, H. Sajir and A. Farzamnia, ,,Protection of sensitive loads from
voltages fluctuations in Iraqi grids by DVR¥, 2017 IEEE 2nd International Conference on
Automatic Control and Intelligent Systems (I2CACIS), Kota Kinabalu, Malaysia, 2017, pp.
144-149, doi: 10.1109/I12CACIS.2017.8239048.

4. [M30] H. Sajir, J. Rahebi, A. Abed and A. Farzamnia, ,,Reduce power losses and improve
voltage level by using distributed generation in radial distributed grid“, 2017 IEEE 2nd
International Conference on Automatic Control and Intelligent Systems (I2CACIS), Kota
Kinabalu, Malaysia, 2017, pp. 128-133, doi: 10.1109/I2CACIS.2017.8239045.

5. [M30] A. H. Abed, J. Rahebi and A. Farzamnia, ,,Jmprovement for power quality by using
dynamic voltage restorer in electrical distribution networks®, 2017 IEEE 2nd International
Conference on Automatic Control and Intelligent Systems (I2CACIS), Kota Kinabalu,
Malaysia, 2017, pp. 122127, doi: 10.1109/12CACIS.2017.8239044.



5. 3AKJbYUAK U 'H'ijior’

Ha ocHOBY anz[a y JIOCTaBIbEHY JIOKYMEHTAIH]Y, nperne,ua W aHaIu3e IOKTOPCKE

. AucepTalyje KaHauaara. Amupa Abeza noJ HacIoBOM, ,,ONTHMaHa aNoKalyja CUCTEMCKUX yCIyra

y MHKPOMpPEXH ca OOHOBJbMBHM H3BOpHMa eHepruje 3a n0Tpe6e nosehama (nexcuGrIHOCTH
CHCTeMa“ Kao H pa3roBopa ca KaHIUuIaToM, KOMnana KOHCTaTyje Ia JucepTanyja:

e CaJp)X{ OpUIHHAJIHE HAy4YHE z(or[pm{oce y obnacTu eJeKTPOSHEPTeTCKUX CHCTEMA, MOCEOHO
Y JIOMeHy yNpaB/barsa MEKPOMPEXKaMa 1 ONTHMH3ALIH]€ ATOKAIKje CUCTEMCKHUX yCIyra,

o IOKa3yje Jia j€ KAHIUJAT OBIAJA0 CaBPeMEHHUM MeTo/aMa MO/IEII0Bakba, ONTHMH3ALKJE H
BEINTAUKe WHTENATCHIH]E, ¥ Ia WX je IPUMCHHO Ha PENEBAHTaH ¥ METOJOJIONIKH MCIIpaBaH
HA4VH;

e WCIyHmaBa YCJIOBE IPONHCAHE 3aKOHOM O BHCOKOM o0pa3oBarby M ONIITHM aKTHMa
VauBepsutera y beorpamy ¥ EnekTpoTeXHHYKOT dakynTeTa 3a CTHI@WE aKajeMCKOr
Ha3HBa JOKTOPA HayKa.

TMonasehn on Hasemenor, Kommcuja jemsormacHo npemiaxe HacTaBHO-HayIHOM Behy

EnexTpoTexHUUKOT (aKyirera YHHBepsnTeTa y Beorpazy na MpuUXBaTH JOKTOPCKY IMCEPTALH]Y
xarmunara AMupa A6ena 1 01o0pH IbeHy jaBHY Ofi0paHy.

Beorpan, 21.04.2026. rogune

YIAHOBA KOMHUCHJE

Hp Munera YKapxosih, Barpeanu npodecop
Yuuepsuret y Beorpany — ENeKTpoTeXHHIKy (aKyrreT

J hent

Ip Anexcanzpa Kpcmﬁ, BaHpEHH Ipoderop
Yuusepsuter y beorpagy = EnexTporeXHMIKA bakynrer
g

‘ JIp Muoapar CDopuaffI, Batpennu mpodecop
Vuusepsuter y Mctounom CapajeBy — EnexTpoTexandku Gaxynrer



University of Belgrade
School of Electrical Engineering

TO THE TEACHING AND SCIENTIFIC COUNCIL

Subject: Report on the doctoral dissertation of the candidate Amir Abed
By the Decision of the Teaching and Scientific Council of the School of Electrical

Engineering adopted at the meeting held on 10.03.2026 (Decision No. 480/31 of 10.03.2026), we
were appointed as members of the Committee for the review and evaluation of the doctoral

dissertation of the candidate Amir Abed, entitled

“Optimal Allocation of Ancillary Service Assets in Renewable Energy Based Microgrids for
Enhanced Power System Flexibility”

After reviewing the submitted dissertation and accompanying material, and after an interview
with the candidate, the Committee has prepared the following

REPORT

1. INTRODUCTION

1.1. Timeline of approval and preparation of the dissertation

On 28.11.2024 the candidate submitted the topic of his doctoral dissertation.

On 03.12.2024 the Third Cycle Studies Committee considered the proposed doctoral
dissertation topic and forwarded to the Teaching and Scientific Council its proposal on the scientific
justification of the topic for adoption.

On 10.12.2024 the Teaching and Scientific Council appointed the Committee for the
evaluation of the scientific justification of the doctoral dissertation topic. '

On 11.02.2025 the Teaching and Scientific Council adopted the Report of the Committee for
the evaluation of the scientific justification of the doctoral dissertation topic.

On 25.03.2025 the Council of Scientific Fields in Technical Sciences gave its consent to the
proposed doctoral dissertation topic (Decision No. 61206/2 25 of 25.03.2025).

On 26.02.2026 the candidate submitted the doctoral dissertation for evaluation. _

On 03.03.2026 the Third Cycle Studies Committee confirmed that all necessary conditions
~ had been met for submitting to the Teaching and-Scientific Council of the Schoeol of Electrical
Engineering the proposal to form a Committee for the evaluation of the doctoral dissertation.

On 10.03.2026 the Teaching and Scientific Council of the School appointed the Committee
for the evaluation of the doctoral dissertation (Decision No. 480/31 of 10.03.2026).

1.2. Scientific field of the dissertation

 The dissertation of the candidate Amir Abed belongs to the scientific field of Technical
Sciences — Electrical Engineering, narrower scientific field Power Systems. The supervisor of the
dissertation is Dr. Goran Dobrié, Associate Professor at the University of Belgrade — School of
Electrical Engineering, due to his significant contributions. in the narrower scientific field of Power
Systems, especially in the areas of microgrid control, optimization and integration of renewable
energy sources, which are also the subject of the dissertation.



1.3. Biographical data on the candidate

Amir Hameed Abed was born on 20 October 1981 in the Anbar region, Iraq. He completed
primary and secondary school in Anbar in 2001, after which, in the same year, he enrolled in studies
in Electrical and Electronic Engineering at the University of Technology in Baghdad, where he
graduated in 2005. '

He enrolled in Master academic studies in Electrical and Electronic Engineering in 2015 at
the Turkish Aeronautical Association University, where, on 25.10.2017, he defended his Master’s
thesis entitled “Power Supply Quality Improvement Using Dynamic Voltage Restorer (DVR) In Iraqi
Network”, under the supervision of Prof. Dr. Javad Rahebi, with an overall grade point average of
9.51.

The candidate enrolled in doctoral studies at the School of Electrical Engineering, University
of Belgrade, study program Power Networks and Systems, in the academic year 2021/2022. During
his doctoral studies he passed all required exams with a grade point average of 9.71.

The candidate has more than 17 years of professional experience in the power sector and is
employed at the Ministry of Electricity of the Republic of Irag, where he is engaged in planning,
design, construction and maintenance of distribution and transmission power networks. He has
participated in numerous projects involving installation, testing and commissioning of 33/11 kV
substations, underground cables and overhead lines, as well as control and protection equipment.

Amir Abed is the author and co author of several scientific papers in international journals
and conference proceedings, including one paper in an SCI indexed journal (Applied Sciences,
category M23) and several papers in category M30 at renowned IEEE conferences.

He is fluent in Arabic and English and has a basic knowledge of Turkish.

2. DESCRIPTION OF THE DISSERTATION

2.1. Content of the dissertation

The doctoral dissertation of the candidate Amir Abed is structured into several logical units
that include: an introduction to the problem of flexibility in power systems with a high share of
renewable energy sources, a review of the state of the art in ancillary (system) services in microgrids,
formulation of the problem of optimal allocation of ancillary services, development of microgrid and
controllable resource models, definition of the optimization framework and Al/evolutionary
algorithms, implementation and testing of the proposed procedures, as well as analysis of the obtained
results, conclusions and possible directions for further research.

2.2. Brief overview of individual chapters

The first chapter provides the context and motivation for the research, starting from the
challenges in the operation of power systems with a high share of RES and the need for flexibility.
The chapter includes a review of the state of the art in ancillary services and microgrids, clearly
formulated research challenges, the main contributions of the dissertation, and the structure of the
work.

The second chapter offers a comprehensive overview of the microgrid concept, its basic
components and potential benefits, as well as the challenges related to control and integration into the
power system. A detailed classification of microgrids is given (according to control techniques, size,
sources, scenarios, location and application), different architectures (parallel, series, hybrid) are
described, and aspects of microgrid system stability are analyzed. 4 ,

The third chapter is devoted to the concept of power system flexibility, its metrics and services
that contribute to flexibility. The effects of increasing RES penetration on system operation (short ,
medium and long term) are analyzed, as well as the classification of ancillary services (frequency



and voltage control, reserves, black start capability, oscillation damping, congestion management)
and the time horizons over which these services are provided.
In the subsequent chapters, the candidate introduces a detailed microgrid model based on the

- CIGRE benchmark system and formulates the problem of optimal allocation of ancillary services .. .

using the Virtual Load concept and a genetic algorithm. A comparative analysis between a single bus
and a detailed microgrid model is carried out, quantitatively showing the impact of model choice on
technical economic performance indicators and justifying the use of detailed modeling.

In the final part of the dissertation, a hybrid GA-ANN framework is presented, in which the
genetic algorithm is used offline to generate a set of optimal solutions, while an artificial neural
network is trained to approximate them and enable fast prediction of microgrid flexibility in real time.
Tt is shown that the trained ANN achieves very small errors compared to GA (below 1% for individual
resources and aggregated balancing power), with significantly shorter computation time, which
enables its use in operational planning and provision of ancillary services in real time.

In the concluding chapters, the main research results are summarized, with emphasis on the
impact of detailed modeling and the proposed optimization approaches on microgrid flexibility and
the possibility of integrating a higher share of RES. Possible directions for further research are
outlined, such as extending the model to more complex networks, introducing additional service types
and iritegrating with advanced real time control platforms.

3. EVALUATION OF THE DISSERTATION

3.1. Topicality and originality

The topic of the doctoral dissertation of the candidate Amir Abed is topical and fully aligned
with current developments in power systems with a high share of renewable energy sources. The
focus on system flexibility, ancillary services and the role of microgrids in providing these services
matches current research and industry priorities in smart grids and RES integration.

The originality of the dissertation lies in the development of a detailed microgrid model
suitable for optimal allocation of ancillary services and in the proposed optimization framework that
combines evolutionary algorithms and artificial intelligence methods. A particular contribution is the .
application of the Virtual Load concept and the hybrid GA—-ANN approach for fast prediction of
flexibility in real time, thereby overcoming limitations of classical, purely offline optimization
methods.

The proposed models and procedures provide new insights into the impact of the chosen level
of microgrid modeling detail on optimization results and show that more detailed modeling can
significantly affect technical and economic performance indicators. In this way, the dissertation
brings an original contribution to the field of microgrid control and ancillary service planning in future
flexible power systems.

3.2. Review of the reference and used literature

The literature used in the dissertation is extensive and up to date, and includes a significant
number of papers from renowned international journals and conference proceedings dealing with
microgrids, power system flexibility, ancillary services and advanced optimization and AI methods.
It is particularly commendable that the literature review covers recent works reflecting the latest
trends in RES integration and distributed resource management.

The candidate demonstrates good knowledge of relevant sources, which he systematically
uses to formulate the research problem, identify gaps in existing solutions and justify the need for the
proposed approach. References are not listed only formally, but are critically analyzed in the context
of the topic, with clear emphasis on similarities and differences with respect to existing works.
Overall, the reference framework of the dissertation is adequate, up to date and supports the scientific
soundness of the proposed models and methods.



3.3. Description and adequacy of the applied scientific methods

The methods applied in the dissertation are fully consistent with the nature of the research
problem and with current practice in power systems and artificial intelligence. The candidate first
carried out a comprehensive literature review, then formulated mathematical models of the microgrid
and ancillary services, and finally defined the optimization problem including technical and economic
constraints.

To solve the optimization problem, evolutionary algorithms and artificial intelligence
methods (GA and ANN) were applied, which is an appropriate choice for complex, nonlinear tasks
with a large number of controllable parameters. The methods used are clearly described, the algorithm
parameters are justified, and the validity of the approach has been verified through numerous
simulation scenarios. In this way, it has been shown that the chosen scientific methods are appropriate
to the objectives of the dissertation and enable reliable and applicable results to be obtained.

3.4. Applicability of the obtained results

The results of the dissertation have a clear practical application in the planning and operation
of microgrids and wider power systems with a high share of renewable energy sources. The proposed
optimization framework for ancillary service allocation enables system operators and planners to
better utilize available resources, reduce operating costs and improve reliability and power quality
indicators.

It is particularly important that the hybrid GA—ANN approach enables operational decisions
to be made in near real time, which is a prerequisite for application in modern systems where network
conditions and resource availability change rapidly. The developed models and methods can be
relatively easily adapted to different microgrid topologies and configurations, which makes them
applicable to a wide range of practical cases, from laboratory environments to real distribution
systems.

3.5. Assessment of the candidate’s ability for independent scientific work

Based on the presented research, the structure and content of the dissertation, as well as the
published papers, it can be concluded that the candidate Amir Abed has acquired the necessary
abilities for independent scientific work. The candidate independently formulated the research
problem, made an appropriate choice and adaptation of scientific methods, carried out extensive
numerical analyses and critically interpreted the obtained results.

The publication of the dissertation results in an SCI indexed international journal and at
relevant conferences shows that the candidate is capable of presenting his research to the scientific
community in accordance with professional standards. All of the above leads to the conclusion that
the candidate possesses a high level of professional maturity and research independence necessary
for further scientific and academic development.

4. SCIENTIFIC CONTRIBUTIONS

4.1. Overview of the achieved scientific contributions

The doctoral dissertation of the candidate Amir Abed contains several clearly identified
scientific contributions in the field of power systems, with emphasis on microgrids and ancillary -
services. The first significant contribution is the development of a detailed microgrid model that
includes renewable energy sources, storage systems and controllable loads, tailored to tasks of
optimal ancillary service allocation and flexibility analysis.

The second contribution is the formulation and application of an optimization framework
based on a genetic algorithm for allocating ancillary services to available resources, taking into
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account technical and economic constraints, thereby demonstrating the importance of detailed
modeling compared to single bus approaches. The third contribution is the development of a hybrid
GA—-ANN framework, which enables the transfer of the results of computationally intensive
optimization into a model based on artificial neural networks capable of providing high quality
ancillary service allocation in real time.

Finally, the scientific contributions of the dissertation have been confirmed through
publications in an international journal and at conferences, where the proposed models and methods
have been presented to the professional community and evaluated as relevant and original in the
context of current research in microgrid control and RES integration. The achieved scientific
contributions are fully in line with the expected contributions stated in the Dissertation Topic
Justification and further specify them through the developed models, algorithms and case studies.

4.2. Critical analysis of the research results

The research results are systematically presented and quantitatively analyzed, with a clear
emphasis on the effects of the proposed methods on the technical and economic performance
indicators of the microgrid. It is particularly important that, through the comparison of the single bus
and detailed models, it is shown that the choice of modeling detail can lead to differences in optimal

solutions and to about 10—11% deviations in key indicators, which is a convincing argument for the
application of a more detailed approach. :

Within the hybrid GA—ANN framework, the candidate critically examined the trade off
between accuracy and computational complexity: it was shown that the ANN reproduces GA results
very well with significantly less computation time, but also that the quality of the trained network
depends on the representativeness of the GA solution set. The candidate points out limitations related
to the specific benchmark microgrid model and the selected scenarios, as well as the need to further
test the proposed methods on other topologies and with a larger number of real world constraints.
Overall, the analysis of the results is balanced, with clearly highlighted advantages of the proposed
approach and an awareness of the domain of its applicability and potential limitations.

4.3, Verification of scientific contributions

The candidate is the author/co author of several scientific publications in international journals
and conference proceedings in the field of power systems, microgrids and power quality. He has
published one paper in an SCI indexed international journal, category M23, directly related to the
dissertation topic, as well as several papers in category M30 conference proceedings.

List of papers:
M23 (journals) , _
[M23] Abed, A., & Dobri¢, G. (2024). Real Time Optimization of Ancillary Service
Allocation in Renewable Energy Microgrids Using Virtual Load. Applied Sciences, -
14(18), 8370. https://doi.org/10.3390/app14188370
M30 (conferences) o
[M30] M. Forcan, G. Dobri¢, A. Abed, M. Zarkovié, M. Iki¢, J. Forcan, M, Barragin
Villarejo, J. Maza Ortega, F. de Paula Garcfa Lopez, “Real Time Testing of
Microgrid Control Algorithms: Development of Experimental Setup”, XXIX
International Conference INFORMATION TECHNOLOGY IT2025, Zabljak, Feb,
2025.
[M30] A. Abed, N. Alwan, M. H. Abed and G. Dobri¢, “Efficiency of post processing in PMU
based state estimation of renewable energy microgrids”, 2023 IEEE Belgrade
PowerTech, Belgrade, Serbia, 2023, pp. 01-06, doi:
10.1109/PowerTech55446.2023.10202834.



[M30] A. H. Abed, J. Rahebi, H. Sajir and A. Farzamnia, “Protection of sensitive loads
from voltages fluctuations in Iraqi grids by DVR”, 2017 IEEE 2nd International
Conference on Automatic Control and Intelligent Systems (I2CACIS), Kota

-+ Kinabalu, Malaysia, 2017, pp. 144—149, doi: 10.1109/12CACIS.2017.8239048.

[M30] H. Sajir, J. Rahebi, A. Abed and A. Farzamnia, “Reduce power losses and improve
voltage level by using distributed generation in radial distributed grid”, 2017 IEEE
2nd International Conference on Automatic Control and Intelligent Systems
(I2CACIS), Kota Kinabalu, Malaysia, 2017, pp. 128-133, doi:
10.1109/12CACIS.2017.8239045. ’

[M30] A. H. Abed, J. Rahebi and A, Farzamnia, “Improvement for power quality by using
dynamlc voltage restorer in electrical distribution networks”, 2017 IEEE 2nd
International Conference on Automatic Control and Intelligent Systems (I2CACIS),
Kota Kinabalu, Malaysia, 2017, Pp. 122-127, doi:
10.1109/12CACIS.2017.8239044.

1. CONCLUSION AND RECOMMENDATION

Based on the submitted documentation, the review and analysis of the doctoral dissertation
of the candidate Amir Abed entitled “Optimal Allocation of Ancillary Service Assets in Renewable
Energy Based Microgrids for Enhanced Power System Flexibility”, as well as the interview with the
candidate, the Committee concludes that the dissertation: ,

e contains original scientific contributions in the field of power systems, especially in
the domain of microgrid control and ancillary service allocation optimization;

e shows that the candidate has mastered modern methods of modeling, optimization
and artificial intelligence, and has applied them in a relevant and methodologically
sound way;

* meets the requirements prescribed by the Law on Higher Education and the general
acts of the University of Belgrade and the School of Electrical Engineering for the
awarding of the academic title of Doctor of Science.

On the basis of the above, the Committee unanimously recommends that the Teaching and
Scientific Council of the School of Electrical Engineering, University of Belgrade, accept the
doctoral dissertation of the candidate Amir Abed and approve its public defense.

MEMBER} OF THE CO /O?EE
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University of Belgrade — School of Electrical Engmeermg
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Dr. Aleksandra Krsti€, Associate Professor
University of Belgradg — School of Electrical Engineering

Belgrade, 21.04.2026
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