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HACTABHO-HAYYHOM BERY

Npeamer: Oriena HaydHe 33CHOBAHOCTH TeMe JIOKTOPCKE TUCePTAlyje KaH/MaTa Amir Abed-a
Omnyxom 2300/28 6p. ox 10.12.2024. rojuxe, IMEHOBAHM CMO 32 WIAHOBE Komucuje 3a oneHy
Hay4YHe 3aCHOBaHOCTHU TEME JIOKTOPCKE IpcepTanyje KauauaaTa Amir Abed-a 3a u3pajay JOKTOPCKE
JHEcepTanuje M HaydHe 3aCHOBAHOCTH Teme ,,OnTHMAanHa ajoKaija CHCTEMCKHX YCiIyra y
MHKPOMPEXH ca OOHOBJHHBHAM H3BOPHMA EHEpIMje 3a norpebe moBehama (rexcHOMWITHOCTH
cucrema" (,,Optimal Allocation of Ancillary Service Assets in Renewable Energy Microgrids for
Enhanced Power System Flexibility *)

Ha ocHOBY MaTepujajia IPHUIOKEHOT y3 3aXTeB KaHJUIaTa, Komucuja nmogHocu cineaehu

M3BEIITAJ

1. Hopanm o kanaUAATY

1.1. Buorpadcku moganu

Kanmunar Amup Xammy A6en, npxasbanud Mpaka, poben 20. oxrobpa 1981. ropuse, MMa
JUIIOMY OCHOBHHMX CTYZAH]ja M3 €JIEKTPOTEXHHKE Of 2005. rommue. Kampupar pagm y
Musucrapersy enekTpuune exeprije Mpaka u uMa puuie o 17 rojguna uCKycTsa y CB0jOj CTPYIIH.
Kanunar je moMohHMK IIaBHOT HIDKEHEpa, Ijie ce GOKycHpa Ha yIpaBibabe BaXKHIM IpojeKTAMa
y gmerpubynmju W mpeHocy enextpwude ewepruje. Kammumar nocemyje JAUILUIOMY M3
eNeKTPOTEXHHKE M enekTpormke ca TexHojomkor ymuBepsurera y bardaiy, xao ®m macTep
JUILIOMY M3 HCTe obiacti ca YHuBeps3urera Typcke Bas[AyXOIIOBHE aconujangje, Kojy je CTeKao
2017. ropune. Kanjuaar TeqHO TOBOPH APANCKH U SHITIECKH JE3UK, Y3 OCHOBHO MO3HABAKE TYPCKOT
jesmKa.

Kanaunar je pa3sBuo CBOje MCKYCTBO Y Pa3HOBPCHUM TEXHHYKHMM AJIATHMA, ykibyuyjyhn AutoCAD,
MATLAB, Multisim, Visio u CYME DIST, xao u y nporpamuma Microsoft Office makera kao mto
cy Word, Access, Excel m PowerPoint. Ilopex Tora, xanamaar MOCEAyje CONHUIHY OCHOBY Yy
oIprKaBary xapasepa u codrBepa padymapa. ToxoM cBoje Kapujepe, KauIunaT je BOJMO BHUIIE
KJBYYHHX IIpojeKara, Kao INTO Cy MHCTalalHja, TECTHPAmke H IYyINTamhe y pall elCKTPUIHHX
tpadocrannma 33/11 KV y rpagy AnGap, mHCTananuja Moa3eMHAX KabJI0Ba M NPEHOCHUX JIMHHM)a
(33KV u 11KV), eneKTpuuHAX IPEHOCHHX CTY00Ba, IOCTPOjerka H IIpeKuiada (33KV).

KanmupaT je paamo Kao MEDXKCEED 3a OJpiKaBame M IPOrpaMHpar-e padyHapa H ypebaja 3a
yIpasisame y nepuoay on 2005. mo 2009. roxune. On 2009. rojuHe 0 JaHac, KaHAUAaT paand y
MunucTapcTBy enekTpuyHe eHepruje Mpaka.

1.2. CreyeHO HAVUYHOHUCTPAKUBAYKO MCKYCTBO




Kanguuar je TOKOM JOKTOPCKAX CTyZHja IOJOXKHO 7 wermra M 00aBHO je cBe Ipyre obasese
npeasuheHe IUIAHOM M NPOrPaMoM JOKTOPCKHX crymvja. Kanaupar je ca BENHKHM YCIEXOM
nosoxuo cieehe uenure:
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ToKOM CBOI' JOCAJAMIE-Er HayYHOUCTPAXKMBAUKOL paja, KaHAuAaT je 00jaBHO HEKOIMKO PajioBa Ha

Hay4HO-CTPYYHNM CKyIIOBAMA MelyHapOTHOT 3Hayaja, Kao ¥ y mehynap

omruM gacomucuma ca SCI

nucte. Jlucra 06jaBJbeHHX PajioBa KaHAWAATa, OX KOJHX Cy HEKH, yKJbydyjyhu u pan 00jaBJbeH Y
gacomucy ca SCI ymcTe, y JUPEKTHO] BE3H ¢a TEMOM JIOKTOPCKE JCepTaIyje:

Kareropuja M23 (9aconucu)

1. Abed, A., &

Dobric, 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 (Impact Factor: 2.5 (2023); 5-Year Impact Factor:

2.7 (2023))

Kareropuja M30 (xondepennuje)

2. A. Abed, N. Alwan, M. H. Abed and G. Dobric, "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. A. H. Abed, J. Rahebi, H. Sajir and A. Farzamnia, "Protection of sensitive loads from

voltages fluctuations in Iragi 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.




4. 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 (I12CACIS), Kota Kinabalu,
Malaysia, 2017, pp. 128-133, doi: 10.1109/I2CACIS.2017.8239045.

5. A. H. Abed, J. Rahebi and A. Farzamnia, "Improvement 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. 122-127, doi: 10.1109/12CACIS.2017.8239044.

1.3. Onena mogoOHOCTH KAHIWIATA 34 Pajl Ha IIPEIUIOKEHO] TEMHI

Ha ocHOBY IpHjaBe TeMe JIOKTOPCKE, YBHAOM y KOMIUICTHY IIOJHETY JOKyMEHTAIH]y M Ha OCHOBY
oOlleHe HAaydHEe 3aCHOBAHOCTH TEME JOKTOPCKE JHcepTalyje KaHIuIaTa, KOMHCHja cMaTpa Jia je
kaHmuaaT Amir Abed cmocobaH Aa caMOCTamHO pajd HA HM3pajd JIOKTOPCKE JUCEepTandje Ha
IpeUIoKeHy TeMy H 1a IIocelyje ¢Be MOoTpeOHe HayuHO-HCTPaKUBAUKE KBalIuTeTe Ja ehHKacHO U
yTEMEJLEHO JOHECE ojiroBapajyhe 3ak/pydke Ha OCHOBY IOCTHIHYTHX pesynTara. IIpemnoxena
TeMa je aKkTyeJHa y OOJACTH eNIEKTPOCHEPreTCKHX CHCTEMa W IPEJCTaB/ba BeoMa OHMTaH acIexT
HHTErpalyje OOHOBJBMBHMX U3BOpA eHEpruje y3 noTpedy nopehama QprueKCHOMIHOCTH CHCTEMA.

2. Ilpeamer n UJb HCTPAKMBAILA

Llpeomem ucmpaoicusarea

Hctpaxkusame ce 6aBy yinorom moMoONHHX yciIyra Koje IpyKajy MEKpOMpexe Oasupane Ha
OOHOBJLHMBMM H3BOpHMA eHepruje y yHampelemy (IeKcHOMIHOCTH €IEKTPOEHEPIeTCKUX
cucrema. PoKyc HCTpaXKHBAIbA j€ Ha TOME KaKO MHKPOMPEIKE MOTY JOTIPUHETH CTAOUIHOCTH
¥ TOY3J@HOCTH Mpe)ke Kpo3 pasnuuure I[oMohHe yciyre, Kao M Ha H3a30BUMA H
MoryhHocTuMa y ONTHMH3AIMjH AJIOKAIMje TOMONHUX yClyTa II0 Pa3sIHYHTHM YIPaBJbHBAM
pecypcuMa y OKBHPY MHKpPOMpEXe. 3axBasbyjyhH pasjMuYMTHM DPECYpPCHMA, MHKPOMPEKE
MOTy IpyXaTu HomohHe yciayre Ha pasJMYMTe HaduHe, €()UKACHHM M IIPABOBPEMCHHM
nosehameM MM CMambEekeM pa3MeHe CHare ca rIaBHOM MPEKOM.

Lun ucmpasicuearea

[TaBHU IMJb MCTPAXHMBAA j€ Pa3sBUTH OITHMAIHY CTpaTerdjy 3a pacmofey IIOMONHHX
yeryra yHyTap MHKPOMpPEXE KOja MMa BEIMKH Opoj yIpaBIbHBHX pecypca, yKibydyjyhu
obuosbuBe u3Bope edepruje (OUE). Onmrumanna crpareryja he ce 0asupary Ha €BOJIy THBHUM
anropuTMEMa W BemnTaukoj wHTenmrenmmju (Al). Ilme  cTpatermje je omoryhutm
MHKpOMpekama Ja e(ukacHO mojapxke Behe emekrpoemeprercke cucreme, Ilrosehapajyhu
BUXOBY (PIeKCHOMIHOCT Kako O6F ce HOCUIM ca MPOMEHJLMBOCTUMA M HENPEABHU/UBOCTAMA
noBe3aHMM ca BuUCOKHM ynenom OUE.

3uauaj ucmpasicusarea

ITomohne ycmyre cy KJby4dHE 3a OJpXKaBame CTAOMIHOCTH M IIOY3JaHOCTH MpEXe 0K
e7IEKTPOEHEPIeTCKA CHCTeMH mpenase Ha oGHosbuBe m3Bope. Ca nosehamem ygemha OUE,
GnexcuOMIHOCT MpeXe IocTaje jemaH off HajBaXHMjUX 3axTeBa. OBO HCTpaXKUBambe
JOIPHHOCH Pa3syMeBamby Kako MHKPOMpexe, Kao (IeKCHOMIHN U JIOKATH30BaHH CHEPICTCKA




CHCTEMH, MOTY TpYXHTH KJbyune nomohue yciyre. PasBoj ONTHManHe CTpaTeTHje 3a
aloKaIujy noMohHux ycimyra umahe 3HadajaH yTHIA) Ha paj Oyayhux elekTpoeHepreTCKHx
cucreMa, nosehapajyhu moy3aaHocT i OJpXHUBOCT EHepreTcke HHQpacTpyKType.

KJby4HH acieKkTr HOMONHEX yCiTyTa 3a (UICKCHOMITHOCT MpeXe yKIBYIyJy:
. Perynanwmjy ¢pexpennuje
. Perynamujy nHanosna,

. XJjagH" CTapT,

1
2
3
4. Cwmameme BpIIHEX onTepehema,
5. Cmameme ocnuiamyja cHare u
6

. Yrpapibame 3arylembimMa.

MuxpoMpexxe HyAe jemuHcTBene MoryhHocTH 3a (GIeKCHOWIHOCT Mpexe, Npyxkajyhu
mucTpuOyupaHe TOMOliHe — yciyre, cMamyjyhm — 3aBHCHOCT Ol  LCHTpaIH30BaHE
HH(PACTPYKTYpe M HOApxkKapajylii HHTICrpalyjy BHCOKOI HHBOA OOHOBJBUBAX H3BOpa
eHepruje.

PesteBaHTHA JIATEpaTypa KOpHIIheHa TOKOM MCTPaKHBamba KaHAMATa, Ha KOjy Ce HAJlOBE3Yje pajl
KaHJuIaTa:

1. Wegkamp, C.; Hadlak, M.; Wagner, H.; Kohlhepp, J.; Engel, B. Optimized provision of local
ancillary services with sensitivity factors using prosumer flexibility. In Proceedings of the
27th International Conference on Electricity Distribution (CIRED 2023), Rome, Italy, 12-15
June 2023; pp. 317-321.

2. Ganesh, K.B.; Vijay, R.; Mathuria, P. Ancillary Services from DERs for Transmission and
Distribution System Operators. In Proceedings of the 2022 22nd National Power Systems
Conference (NPSC), New Delhi, India, 17-19 December 2022; pp. 482-487.

3. Oureilidis, K.; Malamaki, K.-N.; Gallos, K.; Tsitsimelis, A.; Dikaiakos, C.; Gkavanoudis, S.;
Cvetkovic, M.; Mauricio, J.M.; Maza Ortega, J.M.; Ramos, J.L.M. Ancillary services market
design in distribution networks: Review and identification of barriers. Energies 2020, 13, 917.

4, Silva, R.; Alves, E.; Ferreira, R.; Villar, J.; Gouveia, C. Characterization of TSO and DSO
grid system services and TSO-DSO basic coordination mechanisms in the current
decarbonization context. Energies 2021, 14, 4451.

5. Nelson, J.R.; Johnson, N.G. Model predictive control of microgrids for real-time ancillary
service market participation. Appl. Energy 2020, 269, 114963.

6. Marneris, I.; Ntomaris, A.; Biskas, P.; Baslis, C.; Chatzigiannis, D.; Demoulias, C.; Oureilidis,
K.; Bakirtzis, A. Optimal Participation of RES aggregators in energy and ancillary services
markets. IEEE Trans. Ind. Appl. 2022, 59, 232-243.

7. Alizadeh, M.L.; Usman, M.; Capitanescu, F.; Madureira, A.G. A Novel TSO-DSO Ancillary
Service Procurement Coordination Approach for Congestion Management. In Proceedings of
the 2022 IEEE Power & Energy Society General Meeting (PESGM), Denver, CO, USA, 17—
21 July 2022; pp. 1-5.

8. Sprooten, JI.; Gunst, T.; Mestdag, C.; Bronckart, O. Power system restoration with high
penetration level of renewable generation—New challenges and strategies. In Proceedings of
the 2014 Saudi Arabia Smart Grid Conference (SASG), Jeddah, Saudi Arabia, 14-17
December 2014; pp. 1-8.




9. Ahmed, M.; Aziz, T. An approach of incorporating harmonic mitigation units in an industrial
distribution network with renewable penetration. Energy Rep. 2021, 7, 6273-6291.

10. Demoulias, C.S.; Malamaki, K.-N.D.; Gkavanoudis, S.; Mauricio, J.M.; Kryonidis, G.C.;
Oureilidis, K.O.; Kontis, E.O.; Martinez Ramos, J.L.. Ancillary services offered by distributed

" renewable energy sources at the distribution grid level: An attempt at proper definition and
quantification. Appl. Sci. 2020, 10, 7106.

11.  Jain, R.; Mahajan, V. Energy Management of Multi-Microgrids in Joint Energy and
Ancillary Service Market Considering Uncertainties of Renewables. J. Renew. Energy
Environ. 2023, 10, 95-107.

12. Ding, Y.; Tan, Q.; Shan, Z.; Han, J.; Zhang, Y. A two-stage dispatching optimization
strategy for hybrid renewable energy system with low-carbon and sustainability in ancillary
service market. Renew. Energy 2023, 207, 647-659.

13. Villanueva-Rosario, J.A.; Santos-Garcia, F.; Aybar-Mejia, M.E.; Mendoza-Araya, P.;
Molina-Garcia, A. Coordinated ancillary services, market participation and communication of
multi-microgrids: A review. Appl. Energy 2022, 308, 118332.

14.  Kumar, G.B.; Palanisamy, K. A review of energy storage participation for ancillary
services in a microgrid environment. Inventions 2020, 5, 63.

15. Gu, J.-C.; Lin, J.-L.; Yang, M.-T. Automatic Frequency Control Ancillary Service and
Virtual Inertia from BESS in Microgrid. In Proceedings of the 2023 IEEE Industry
Applications Society Annual Meeting (IAS), Nashville, TN, USA, 29 October—2 November
2023; pp. 1-6.

16.  Agupugo, C.P.; Kehinde, H.M.; Manuel, HN.N. Optimization of microgrid operations
using renewable energy sources. Eng. Sci. Technol. J. 2024, 5, 2379-2401.

17. Fernandez-Mufioz, D.; Pérez-Diaz, J.I.; Guisindez, I.; Chazarra, M.; Fernandez-Espina,
A. Fast frequency control ancillary services: An international review. Renew. Sustain. Energy
Rev. 2020, 120, 109662.

18. Rudion, K.; Orths, A.; Styczynski, Z.A.; Strunz, K. Design of benchmark of medium
voltage distribution network for investigation of DG integration. In Proceedings of the 2006
IEEE Power Engineering Society General Meeting, Montreal, QC, Canada, 18-22 June 2006;
p. 6.

19.  Majzoobi, A.; Khodaei, A. Application of microgrids in providing ancillary services to
the utility grid. Energy 2017, 123, 555-563.

20. Zhang, M.; Li, W.; Yu, S.S.; Wang, H.; Ba, Y. Optimal day-ahead large-scale battery
dispatch model for multi-regulation participation considering full timescale uncertainties.
Renew. Sustain. Energy Rev. 2024, 189, 113963.

21. Zhang, M.; Li, W.; Yu, S.S.; Wen, K.; Muyeen, S. Day-ahead optimization dispatch
strategy for large-scale battery energy storage considering multiple regulation and prediction
failures. Energy 2023, 270, 126945.

22.  Kurundkar, K.M.; Vaidya, G.A. Stochastic Security-Constrained Economic Dispatch of
Load-Following and Contingency Reserves Ancillary Service Using a Grid-Connected
Microgrid during Uncertainty. Energies 2023, 16, 2607.

23. Wang, Y.; Li, G.; Zhou, B.; Ma, H.; Li, Z. Optimal Dispatch Strategy for Virtual Power
Plants with Adjustable Capacity Assessment of High-Energy-Consuming Industrial Loads
Participating in Ancillary Service Markets. Sustainability 2023, 15, 10479.

24, Lai, X.; Xie, Z.; Xu, D.; Ying, S.; Zeng, Y.; Jiang, C.; Wang, F.; Wen, F.; Palu, L
Operation Optimization of an Integrated Energy Service Provider with Ancillary Service
Provision. Energies 2022, 15, 4376.




25. Alzahrani, A.; Sajjad, K.; Hafeez, G.; Murawwat, S.; Khan, S.; Khan, F.A. Real-time
energy optimization and scheduling of buildings integrated with renewable microgrid. Appl.
Energy 2023, 335, 120640.

26.  Zhao, J.; He, Y.; Fang, Y.; Weng, Y.; Ma, W.; Xiao, S.; Liang, Y. Multi-source optimal
dispatch considering ancillary service cost of pumped storage power station based on
cooperative game. Energy Rep. 2021, 7, 173-186.

27. Brusco, G.; Menniti, D.; Pinnarelli, A.; Sorrentino, N. Renewable Energy Community
with distributed storage optimization to provide energy sharing and additional ancillary
services. Sustain. Energy Grids Netw. 2023, 36, 101173.

28. Rib6-Pérez, D.; Larrosa-Lopez, L.; Pecondén-Tricas, D.; Alcazar-Ortega, M. A critical
review of demand response products as resource for ancillary services: International
experience and policy recommendations. Energies 2021, 14, 846.

29, Gulotta, F.; Dacco, E.; Bosisio, A.; Falabretti, D. Opening of ancillary service markets to
distributed energy resources: A review. Energies 2023, 16, 2814.

30. Bahramara, S.; Sheikhahmadi, P.; Mazza, A.; Chicco, G. Day-ahead self-scheduling from
risk-averse microgrid operators to provide reserves and flexible ramping ancillary services.
Int. J. Electr. Power Energy Syst. 2022, 142, 108381.

31. Rancilio, G.; Rossi, A.; Falabretti, D.; Galliani, A.; Merlo, M. Ancillary services markets
in europe: Evolution and regulatory trade-offs. Renew. Sustain. Energy Rev. 2022, 154,
111850.

3. [Toaazue xumorese

OBo HCTpaXXHuBaILC CE 3aCHUBA HA CJIC,IIChI/IM IIOYCTHUM XHIIOTC3aMa:

1. Behu ymeo oOHOBBMBAX H3BOpa 3axTeBa Belly (uekcuOMIHOCT Mpexe ycnes
IIPOMEHJBUBOCTH M HEM3BECHOCTH Koje mpare BHCcoK yiaeo OUE

2. Mukpompexxe Hyae pasHoBpcHe pecypce duexcubmmsoctH.  One  KoMOWHY]jy
xontpomucane OUE, cicreme 3a CKIIaIUIITERHE €HEPIHje U yIPAB/HEUBY NOTPOLIEY, KAKO
6u mpyxuite nomohre yciyre u nosehane ¢rexcubummoct.

3. MukpoMpexke MOTy IpyXaTd pasngaure rnomohHe yciyre Ha 3axres. Hampenne
xoHTponHe MoryhHocTn oMoryhasajy MM ma mcmopydyjy moMohHe yciyre, Kao MTO Cy
YIJIABHOM peryiianyja (GpeKBeHIdje H HaloHa.

4. Crparerdja onTHMH3AIMje je KIby4dHa 3a paJ MHKpoOMpexa. PasHOBPCHHM pecypcH U
HEeTIpe/[BU/IMBA TNIPHPOJAa TIOje/IWHAX aclieKkaTa MHKpPOMpexa 3axTeBajy poOycHy
ONITUMHU3AIMOHY CTPATErHjy 3a ehukacan pa.

5. MopenoBame MHKPOMpeEKa 3HA4YajHO yTH4e HaA pesynrare ontumusangje. Taunm u
JeTaJbHE MOJIGTH €y KJbY9HH 3a MOYy3JaHe M NPHMEHJPHBE PE3yJTaTe OITHMM3AUHMjE ¥
peaylHUM CHCTEMUMA.

4. Hayuyne MeTo/1e HCTPAXKNBAKHA

Jla 61 ce ocTBapHO UJb HCTPaKKBatka, npuMenuhe ce cuenehe meroze:

1. Ilpernen nureparype




Cnposoljerbe CBeOOYXBAaTHOI Ipericia JHTepaType o moryhuoctuma OHUE
TEXHOIOrHjaMa CKJIAMIITERbA 33 IPYKambe MOMONHHUX yciyra.

AHanuza HampegHe €HEPreTcKe eNEeKTPOHHMKE (HIIP. UHBEPTEPCKE TEXHOJIOTHje Kao
urro cy "grid-following" 1 "grid-forming") 3a ynanpeherme (GrIeKCHOMITHOCTH MpEXKe.

2. Mogenopame

Pa3Boj JeTa/bHOT MOJellda MHKPOMPENe KOjH ybydyje OME, cucreme 3a
CKITAMIITENE EHEPIHje ¥ YIIPABJLUBY IOTPOIIIY.

CuMynamuja pasIMuuTiX CICHApHja, YKbYydyjyli BHCOK yneo OUE u pa3HOBpCHE
JjarpaMe DOTPOIILE.

3. Tlporenypa oUTHMH3AIH]E

Kpempame OKBHpa 3a ONTHMH3AIK]y ayoKaluje IOMONHUX yeiyra Meljy pecypcuma
MEKDOMpEXe, 3aCHOBAHE HA eBONYTHBHMM anropurvuMa u Al ca nuameM
ONTHMHU3aNHje TPOIIKOBA, yBaXkaBajyhu cBa TEXHUYKA M HETEXHIIKA OTPAHAYCHA.

4. VYnopenHa aHaunusa

VuopenHa aganusa pesynrara JoOHjeHHX NPAMEHOM DPasIHIHTHX ONTHMHU3AIHOHEX
npoleaypa Ha HCTUM MOJEINMA MEKPOMPEKE

VoopenEa aHammsa pesynraTa JTOOMjeHMX NPHMEHOM MCTHX ONTHMH3AIHOHHX
nporeaypa Ha pasIduuTAM MOJIEIMMa MEKPOMPEKE

5. OuexkHBAHA HAVIHM JONPHHOC

1.

Pa3Boj onTHMH3AIIMOHE IPOLEYPE

Pa3sBHTH WHOBATUBHY CTPAaTerwjy ONTHMH3AIMje HPUarojeHy pany MHKPOMPEKE,
ynme he ce YHANPEIUTH WHHXOBA CIOCOGHOCT 3a TpPY)XKame MOMONHMX yCiyTa.
PasBnjena crparerja i ONTH MPUMEHJbHBA ¥ PEATHOM BPEMEHY Ha YIPaBJbadKHM
mardopMaMa MEKPOMPEXKE.

2. W3paja Mojiena MEKPOMpEIKE 32 TECTUPAE y PeallHoM BPEMEHY

PasBUTH JeTA/baH MOJEN MHKPOMpEXE IOTOJAH 3a TECTHpAame M BaluJauHjy
CTpaTeruja oNTHMH3AlHje Y peaqHoM Bpemery. Moxern he omoryhuTH TecTUpambe
pasIHUATUX OCTOjelHX HITE HOBHX TIPOLIC/ypa YIPaBJbamba y PEANIHUM yCTOBIMA.

3. TloBehame ykynHoOr KananuTera 3a maTerpamyjy OUE

Jlompuaerr (IeKCHOWIHEjEM M ITIOY3JIaHMjeM CJIEKTPOCHEPreTCKOM CHCTEMY Kpo3
JIEMOHCTpaI®jy MoryhHOCTH mpyxama MoMOhHMX yciyra Of CTpaHe MHKPOMpPEXka.
Ouekyje ce [a ONTHMANTHO KOHTPOJIACAHE MHKPOMPENKES 3HAYAjHO JIOTPUHECY
drexcubunHOCTH INIaBHE Mpexe ¥ ToBeharby YKYIHOT KamalluTeTa 3a UHTETPAIH]Y
OUE.

6. Ilnan HcTpPaKUBaMKk-a U CTPYKTYpA paja

Hctpaxmpame he ce cipoBecTH Kpo3 cresehe kopake:

1.

[Ipernen nureparype




e IlpoyunTH Hampesak y OOJacTH MOMONHHX YCIyra, MHKpoMpexa OasHpaHHX Ha
OGHOBJBMBEM H3BOpHMA €HEprHje M MeToj]a Belnrauke unTenuremmmje. ®oxyc he
GWTH HA HOTCHIM]aTIMa PasIHuMTHX PECypca MAKPOMpPEXka 3a IpyKame MOMONHUX
yenyra, ykibyayjyhin OVIE, 6arepuje u ynpaB/bHBe IIOTpOIIAYE.

2. W306op Tect Mpexa

e UjeHTH)HUKOBATH PETPE3CHTATHBHE TECT MPEKE Ca Pa3HOBPCHUM KOH(HTYparujama,
yKibyayjyhu pedepenrae moaene xao mto je CIGRE.

3. OO6paja yna3sHux mojaraka

e [lpukynuty u BamuaupaTd nogatke o npopumuma OUE 1 norpommse, KOMIOHEHTaMa
MHKPOMpEIKEe M ONIEpPaTHBHHM T1apaMeTpuMa 3a cBe cliydajese. [loysiann nmopamu cy
KJbYYHH 3a TECTHpame MpoleAypa ONTHMH3aIje, ToceOHo y ciyyajeBrMa Kaja ce
KOPHCTE HEYPaJIHE MPEXKE.

4. Pa3Boj METOJIOJIOTH]E

e PasBuTH METONOJOTH]y 3a OITHMAJHYy pacHoieny MOMONHHX yClyra yHyTap
MEKpoMpexe. MeTosionorja he ce ocliamary Ha eBONyTHBHE anroputme u Al Kako
6u ce 06e36enmIa MPaBOBpeMEeHa KOHTPOJIA 3a CBE PECYPCEe MUKPOMPEIKE.

5. Cuposoljerse onTHMHU3ALH]je

e [lpuMeHHTH pa3BHjeHY METOZOJIOTH]y 3a TpOLEIypy ONTHMAIHE aJToKaImje
IIOMORHUX yCIIyra Ha NPeTXOJHO OabpanuM TeCT Mpexama.

6. Amaymza pe3ynTara 4 3aKJby4ld

e AHanu3mpaTH pe3ynTare, IPOLNECHATH TeXHUIKH H eKOHOMCKH yTHIa] U TIPCIOKHTH
CMEPHHIIE 34 IPAKTHYHY IPEMEHY Pa3BHjCHHAX METOJIA.

B

Kpoz oBe Kopake, HCTpaKUBame he IPYKHTH [paKTHYHA PElIerma U yBHJE 3a yHaupeheme
dnexcubmmEOCTH Mpexe y3 oMol Muxpompesxa b6asmpanux Ha OUE.

7. 3akiby4ak H 1peajor

Kanapmar je ycIemHo Npe3eHTOBa0 METORONOTH]y M3pajie NUCepTauuje W TaBHe HaydHe
monpuroce. Ha jaBHOj ycMeHOj 00paHH TeMe JOKTOPCKe JMcepTaiuje Baup. npod. Anekcasnpa
Kperuh je ToCTaBuiIa MATamse y BE3W NPHMEHE [CHETCKOT AITOPHTMA y CBPXE ONTHMHU3ALM]C H Y
BE3M TecTUpama Mozena BaH Matlab codTBepckor anata W KOMEHTapHcana O BPEMECHCKOM
saxTeumMa Mozena. Wian Komucmje monent Muospar opliaH je HOCTaBHO NHUTAEkE Kako
CTPYKTYpa M KOMILIEKCHOCT MEKPOMEXKE yTHde Ha 0a0Hp OITHMAITHE METOJIe U Kako AucepTauja
yTHde Ha cmcTeMcke yciyre. Bamp. mpod. Mmmera JKapkosuh je mocraBuo NUTame y BE3H
aKTHBHHX I'yOMTaKa CHare y eJIEKTPOCHEPTreTCKOM CHCTEMY M KaKo CHCTEMCKE yCJyre yTHdy Ha
mux. Takohe ykasao je ma MoryliHOCT Kpeupama 6ase mojaraka OJf ONTHMAJHHX HOJATaKa M
IpYMeHE BEINTAuKe WHTENUICHIUje Ha muMa. Kanpunar Amir Abed je ycreniHo oAroBopuo Ha
[IOCTaBJbeHA MUTarha WwiaHoBa Komucuje W 3a7oBoJbaBajyhe TOBOPHO O PasIMYUTHM TeMama U3
CBOje JucepTanyje.




Ha 0cHOBY KOMILIETHE NPHIOKEHE JOKYMEHTAIMje ¥ CBPXY MpHjaBe TeEME JOKTOPCKE JHCEPTaIHje
U Ha OCHOBY OIl€He HaydHe 3aCHOBAHOCTH TeMe JOKTOPCKe Aucepariyje Kanauaara Amir Abed-a,
KOMHCHja TIpejiaxe Ja ce NPUXBATH TeMa JOKTOPKC eJucepTalyje 1oJ HacaoBoM ,, OnTuMaiHa
AJ0KAIHUja CHCTEMCKHX YCJIYra y MHKPOMpEKH ca 00HOB/LHBHM H3BOpPHMA eHepruje 3a
norpebe nosehama Ppaexcubuanocru cucrema' (,,Optimal Allocation of Ancillary Service Assets
in Renewable Energy Microgrids for Enhanced Power System Flexibility ), a 3a MeHTOpa ce
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By Decision No. 2300/28, dated 10.12.2024., we have been appointed as members of the
Commission for assessing the scientific basis of the doctoral dissertation topic of candidate Amir
Abed for the preparation of his doctoral dissertation and the scientific evaluation of the topic:
“Optimal Allocation of Ancillary Service Assets in Renewable Energy Microgrids for
Enhanced Power System Flexibility”

Based on the materials submitted with the Candidate's Request, the Commission submits the
following

REPORT

1. Candidate Information

1.1. Biographical Details

The candidate, Amir Hamid Abed, an Iraqi citizen, was born on October 20, 1981. He holds a
bachelor's degree in electrical engineering obtained in 2005. Currently employed at the Iraqi
Ministry of Electricity, the candidate has over 17 years of professional experience. He serves as an
Assistant Chief Engineer, focusing on managing significant projects in electricity distribution and
transmission.

The candidate holds a bachelor's degree in electrical engineering and electronics from the
University of Technology in Baghdad and a master’s degree in the same field from the Turkish
Aeronautical Association University, earned in 2017. He is fluent in Arabic and English, with a
basic understanding of Turkish.

The candidate has developed expertise in a variety of technical tools, including AutoCAD,
MATLAB, Multisim, Visio, and CYME DIST, as well as proficiency in Microsoft Office programs
such as Word, Access, Excel, and PowerPoint. Additionally, he has a solid foundation in hardware
and software maintenance for computers.

Throughout his career, the candidate has led numerous key projects, including the installation,
testing, and commissioning of 33/11 KV electrical substations in the city of Anbar, the installation
of underground cables and transmission lines (33KV and 11KV), electrical transmission towers,
plants, and circuit breakers (33KV).




From 2005 to 2009, he worked as a maintenance and programming engineer for computers and
control devices. Since 2009, the candidate has been employed at the Iraqi Ministry of Electricity.

1.2. Research Experience Acquired

During his doctoral studies, the candidate successfully passed 7 exams and completed all other
obligations as outlined in the doctoral study program. He passed the following exams with great
success:

y !C()ulsecode N Course Tltle e Grade
N 19D021PIT - glrfgrtz;iiﬁré Technology  Applications in  Blectric  Power|
2 19D02IIOI - ‘Integlatlon of Renewable Sources in the Dlstrlbutlon Systems 9
3 E 19D0210P Optimal Power Systems Planmng o
4} 19D021DS | Distribution S Systems Optlmal Plannmg and Operatlon T
5 19D02IPEM | Power Networks Calculation R T
;6 19D021VIE  Artificial Intel]igence in power engineering o 10
719D02IMO Power Systems Optimization 9
Additionally, the candidate completed 3 additional assigned courses:

de)pa HpeﬂM eTa H%HB npeHM - e olnga .
1 13E023TVN1 ngh Voltage Teehmque o 10
e o Convertersl e
5 13E024RPOG - D1str1but1on Sw1tchgears T S

During his research work, the candidate published several papers at internationally significant
scientific and professional conferences, as well as in international journals indexed in the SCI list.
The list of the candidate's published works includes papers directly related to the topic of the
doctoral dissertation, including one published in a journal from the SCI list.

Category M23 (journals)

1. Abed, A, & Dobric, 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 (Impact Factor: 2.5 (2023); 5-Year Impact Factor:
2.7 (2023))




Category M30 (conferences)

2. A. Abed, N. Alwan, M. H. Abed and G. Dobric, "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. 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.

4. H. Sajir, I. 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.

5. A. H. Abed, J. Rahebi and A. Farzamnia, "Improvement 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. 122-127, doi: 10.1109/12CACIS.2017.8239044.

1.3. Assessment of the Candidate's Suitability for Research on the Proposed Topic

Based on the doctoral dissertation topic application, a review of the complete submitted
documentation, and the evaluation of the scientific basis of the candidate's dissertation topic, the
Commission considers that Amir Abed is capable of independently conducting research for the
doctoral dissertation on the proposed topic.

The candidate possesses all the necessary research qualities to efficiently and thoroughly derive
appropriate conclusions based on the achieved results. The proposed topic is highly relevant in the
field of power systems and addresses a crucial aspect of integrating renewable energy sources while
enhancing system flexibility.

2. Subject, Aim, and Significance of the Research

Subject of the Research

The research investigates the role of ancillary services (AS) provided by renewable energy
source-based microgrids (MG) in enhancing power system flexibility. It explores how MGs
can contribute to grid stability and reliability by offering diverse AS, addressing the challenges
and opportunities in optimizing these services' allocation. Having different assets, MGs can
provide AS in various ways, considering the ability to effectively and in timely manner
increase or decrease power exchange with the main grid.

Aim of the Research

The primary aim is to develop an optimal strategy for allocating AS within MGs, especially
those integrating RES. The optimal strategy will be based on evolutive algorithms and
Artificial Intelligence (Al). This strategy seeks to enable MGs to support larger power systems




effectively, enhancing their flexibility to accommodate the variability and intermittency
associated with high RES penetration.

Significance of the Research

Ancillary services are critical for maintaining grid stability and reliability as power systems
transition to renewable energy sources. With increasing RES penetration, grid flexibility
becomes a vital requirement. This research contributes to understanding how MGs—flexible,
localized energy systems—can provide essential AS. Developing an optimized AS allocation
strategy will significantly impact the operation of future power systems, fostering a resilient
and sustainable energy infrastructure.

Key AS aspects for grid flexibility include:

7.

R

Frequency regulation

Voltage support

Spinning and non-spinning reserves
Black start

Peak shaving

Power smoothing

Congestion management

MGs provide unique opportunities for grid flexibility, offering localized, resilient, and
dynamic AS solutions, reducing dependence on centralized infrastructure, and supporting the
integration of high levels of renewable energy.

Relevant literature used during the candidate's research, forming the basis of the candidate's work:

L.

Wegkamp, C.; Hadlak, M.; Wagner, H.; Kohlhepp, J.; Engel, B. Optimized provision
of local ancillary services with sensitivity factors using prosumer flexibility. In
Proceedings of the 27th International Conference on Electricity Distribution (CIRED
2023), Rome, Italy, 12—-15 June 2023; pp. 317-321.

Ganesh, K.B.; Vijay, R.; Mathuria, P. Ancillary Services from DERs for
Transmission and Distribution System Operators. In Proceedings of the 2022 22nd
National Power Systems Conference (NPSC), New Delhi, India, 17-19 December
2022; pp. 482-487.

Oureilidis, K.; Malamaki, K.-N.; Gallos, K.; Tsitsimelis, A.; Dikaiakos, C.;
Gkavanoudis, S.; Cvetkovic, M.; Mauricio, J.M.; Maza Ortega, J.M.; Ramos, J.L.M.
Ancillary services market design in distribution networks: Review and identification
of barriers. Energies 2020, 13, 917.

Silva, R.; Alves, E.; Ferreira, R.; Villar, J.; Gouveia, C. Characterization of TSO and
DSO grid system services and TSO-DSO basic coordination mechanisms in the
current decarbonization context. Energies 2021, 14, 4451.

Nelson, J.R.; Johnson, N.G. Model predictive control of microgrids for real-time
ancillary service market participation. Appl. Energy 2020, 269, 114963.

Marneris, I.; Ntomaris, A.; Biskas, P.; Baslis, C.; Chatzigiannis, D.; Demoulias, C.;
Oureilidis, K.; Bakirtzis, A. Optimal Participation of RES aggregators in energy and
ancillary services markets. IEEE Trans. Ind. Appl. 2022, 59, 232-243.

Alizadeh, M.L; Usman, M.; Capitanescu, F.; Madureira, A.G. A Novel TSO-DSO
Ancillary Setrvice Procurement Coordination Approach for Congestion Management.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

In Proceedings of the 2022 IEEE Power & Energy Society General Meeting
(PESGM), Denver, CO, USA, 17-21 July 2022; pp. 1-5.

Sprooten, J.; Gunst, T.; Mestdag, C.; Bronckart, O. Power system restoration with
high penetration level of renewable generation—New challenges and strategies. In
Proceedings of the 2014 Saudi Arabia Smart Grid Conference (SASG), Jeddah, Saudi
Arabia, 14-17 December 2014; pp. 1-8.

Ahmed, M.; Aziz, T. An approach of incorporating harmonic mitigation units in an
industrial distribution network with renewable penetration. Energy Rep. 2021, 7,
6273-6291.

Demoulias, C.S.; Malamaki, K.-N.D.; Gkavanoudis, S.; Mauricio, J.M.; Kryonidis,
G.C.; Oureilidis, K.O.; Kontis, E.O.; Martinez Ramos, J.L. Ancillary services offered
by distributed renewable energy sources at the distribution grid level: An attempt at
proper definition and quantification. Appl. Sci. 2020, 10, 7106.

Jain, R.; Mahajan, V. Energy Management of Multi-Microgrids in Joint Energy and
Ancillary Service Market Considering Uncertainties of Renewables. J. Renew.
Energy Environ. 2023, 10, 95-107.

Ding, Y.; Tan, Q.; Shan, Z.; Han, J.; Zhang, Y. A two-stage dispatching optimization
strategy for hybrid renewable energy system with low-carbon and sustainability in
ancillary service market. Renew. Energy 2023, 207, 647-659.

Villanueva-Rosario, J.A.; Santos-Garcia, F.; Aybar-Mejia, M.E.; Mendoza-Araya, P.;
Molina-Garcia, A. Coordinated ancillary services, market participation and
communication of multi-microgrids: A review. Appl. Energy 2022, 308, 118332,
Kumar, G.B.; Palanisamy, K. A review of energy storage participation for ancillary
services in a microgrid environment. Inventions 2020, 5, 63.

Gu, J.-C.; Lin, J.-L.; Yang, M.-T. Automatic Frequency Control Ancillary Service
and Virtual Inertia from BESS in Microgrid. In Proceedings of the 2023 IEEE
Industry Applications Society Annual Meeting (IAS), Nashville, TN, USA, 29
October-2 November 2023; pp. 1-6.

Agupugo, C.P.; Kehinde, HM.; Manuel, HN.N. Optimization of microgrid
operations using renewable energy sources. Eng. Sci. Technol. J. 2024, 5, 2379-
2401.

Fernandez-Mufioz, D.; Pérez-Diaz, J.I.; Guisandez, 1.; Chazarra, M.; Ferndndez-
Espina, A. Fast frequency control ancillary services: An international review. Renew.
Sustain. Energy Rev. 2020, 120, 109662.

Rudion, K.; Orths, A.; Styczynski, Z.A.; Strunz, K. Design of benchmark of medium
voltage distribution network for investigation of DG integration. In Proceedings of
the 2006 IEEE Power Engineering Society General Meeting, Montreal, QC, Canada,
18-22 June 2006; p. 6.

Majzoobi, A.; Khodaei, A. Application of microgrids in providing ancillary services
to the utility grid. Energy 2017, 123, 555-563.

Zhang, M.; Li, W.; Yu, S.S.; Wang, H.; Ba, Y. Optimal day-ahead large-scale battery
dispatch model for multi-regulation participation considering full timescale
uncertainties. Renew. Sustain. Energy Rev. 2024, 189, 113963.

Zhang, M.; Li, W.; Yu, S.S.; Wen, K.; Muyeen, S. Day-ahead optimization dispatch
strategy for large-scale battery energy storage considering multiple regulation and
prediction failures. Energy 2023, 270, 126945.




22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Kurundkar, K.M.; Vaidya, G.A. Stochastic Security-Constrained Economic Dispatch
of Load-Following and Contingency Reserves Ancillary Service Using a Grid-
Connected Microgrid during Uncertainty. Energies 2023, 16, 2607.

Wang, Y.; Li, G.; Zhou, B.; Ma, H.; Li, Z. Optimal Dispatch Strategy for Virtual
Power Plants with Adjustable Capacity Assessment of High-Energy-Consuming
Industrial Loads Participating in Ancillary Service Markets. Sustainability 2023, 15,
10479.

Lai, X.; Xie, Z.; Xu, D.; Ying, S.; Zeng, Y.; Jiang, C.; Wang, F.; Wen, F.; Palu, L
Operation Optimization of an Integrated Energy Service Provider with Ancillary
Service Provision. Energies 2022, 15, 4376.

Alzahrani, A.; Sajjad, K.; Hafeez, G.; Murawwat, S.; Khan, S.; Khan, F.A. Real-time
energy optimization and scheduling of buildings integrated with renewable microgrid.
Appl. Energy 2023, 335, 120640,

Zhao, J.; He, Y.; Fang, Y.; Weng, Y.; Ma, W.; Xiao, S.; Liang, Y. Multi-source
optimal dispatch considering ancillary service cost of pumped storage power station
based on cooperative game. Energy Rep. 2021, 7, 173186,

Brusco, G.; Menniti, D.; Pinnarelli, A.; Sorrentino, N. Renewable Energy Community
with distributed storage optimization to provide energy sharing and additional
ancillary services. Sustain. Energy Grids Netw. 2023, 36, 101173.

Rib4-Pérez, D.; Larrosa-Lopez, L.; Pecondén-Tricas, D.; Alcéazar-Ortega, M. A
critical review of demand response products as resource for ancillary services:
International experience and policy recommendations. Energies 2021, 14, 846.
Gulotta, F.; Daccd, E.; Bosisio, A.; Falabretti, D. Opening of ancillary service
markets to distributed energy resources: A review. Energies 2023, 16, 2814.
Bahramara, S.; Sheikhahmadi, P.; Mazza, A.; Chicco, G. Day-ahead self-scheduling
from risk-averse microgrid operators to provide reserves and flexible ramping
ancillary services. Int. J. Electr. Power Energy Syst. 2022, 142, 108381.

Rancilio, G.; Rossi, A.; Falabretti, D.; Galliani, A.; Merlo, M. Ancillary services
markets in europe: Evolution and regulatory trade-offs. Renew. Sustain. Energy Rev.
2022, 154, 111850.

3. Initial Hypotheses

This research is based on the following initial hypotheses:

1.

Increased RES penetration requires higher grid flexibility. The variability and uncertainty
introduced by RES necessitate mechanisms to enhance grid flexibility.

MGs offer diverse flexibility resources. MGs can combine controllable RES, energy
storage systems (ESS), and demand-side management to provide flexibility.

. MGs can provide various AS upon request. Advanced control capabilities enable MGs to

deliver AS such as frequency regulation, voltage support, and reserve power.

An optimization strategy is essential for MG operation. The diverse resources and
unpredictable nature of MG components demand a robust optimization strategy for
efficient operation.

MG modelling significantly influences optimization results. Accurate MG models are
crucial for reliable and applicable optimization outcomes in real-world scenarios.




. Research Methods

To achieve the aim of the research, the following research methods will be applied:

1.

Background Research

e Conduct a comprehensive literature review on RES and storage technologies for AS.

e Examine advanced power electronics (e.g., grid-following and grid-forming inverters)
for their role in enhancing grid flexibility.

Microgrid Modelling

e Develop a detailed MG model incorporating RES, storage systems, and controllable
loads.

e Simulate various scenarios, including high-RES penetration and diverse demand
patterns.

Optimization Procedures

» Create an optimization framework based on evolutive algorithms and Al to balance
multiple objectives, such as cost, reliability, and flexibility, for AS allocation.

Comparative Analysis

o Evaluate different optimization strategies and MG models to identify the most
effective approaches.

* Refine the optimization strategy based on analysis to improve accuracy and reliability.

. Expected Scientific Contributions

I

Optimization Strategy Development

* Develop a novel optimization strategy tailored for MG operation, enhancing their
ability to provide AS effectively. The developed strategy will be usable in real-time
applications within MG control platforms.

2. Creation of a Real-Time Testable MG Model

e Develop a detailed MG model suitable for real-time testing and validation of
optimization strategies, bridging theoretical strategies with practical applications. The
developed model will be prepared for real-time platforms in order to provide the ability
to test different existing or new control procedures in real time.

3. Advancement in Renewable Energy Integration

» Contribute to a more flexible and resilient power system by demonstrating the
feasibility of AS provision through RES-based MGs. It is expected that optimally
controlled MGs can provide significant flexibility to power systems, increasing the
overall hosting capacity.




6. Research Plan

The research will be conducted in the following steps:

1. Literature Review
e Study advancements in AS, renewable energy MGs, and Al methods. The focus will
be on the possibility of different microgrid assets, including RES, battery storage and
controllable load to provide ancillary services. IN addition, Evolutive Algorithms and
Artificial Neural Networks will be studied for the application in optimization strategy.
2. Test Case Selection
o Identify representative test cases with diverse MG configurations, including
benchmark models like CIGRE and varied load profiles. It is critical to identify
microgrids that comprise all different types of controllable assets to provide ancillary
services. Using benchmark testbeds help in comparing the obtained results with
previously conducted research.
3. Input Data Processing
e Collect and validate data on RES profiless, MG components, and operational
parameters for all test cases and real-time scenarios. Having reliable and sufficient data
is essential for testing optimization procedures, especially if ANN are involved.
4. Methodology Development
e Develop a methodology for optimal AS allocation within selected test cases. The
methodology will rely on evolutive algorithms and artificial intelligence to provide
timely control setpoints for all MG assets.
5. Optimization Execution
* Apply the developed methodology to perform the optimal AS allocation procedure.
The methodology will be tested on previously selected benchmark testbeds.
6. Results Analysis and Conclusions
* Analyse results from test cases, evaluate technical and economic impacts, and propose
guidelines for practical implementation of optimized MG operations.

Through these steps, the research will provide actionable insights and solutions for enhancing grid
flexibility with RES-based MGs.

7. Conclusion and suggestion

The candidate successfully presented the methodology for developing the dissertation and the main
scientific contributions. During the public oral defense of the doctoral dissertation topic, Assoc.
Prof. Aleksandra Krsti¢ posed a question regarding the application of genetic algorithms for
optimization purposes, the testing of the model outside the Matlab software tool, and commented on
the time demands of the model. Commission member, Assistant Prof. Miodrag Forcan, asked how
the structure and complexity of the microgrid influence the choice of the optimal method and how
the dissertation impacts ancillary services. Assoc. Prof, Mileta Zarkovié raised a question regarding
active power losses in the power system and how ancillary services affect them. He also pointed out
the possibility of creating a database of optimal data and applying artificial intelligence to it.

The candidate, Amir Abed, successfully answered the questions posed by the Commission
members and satisfactorily discussed various topics from his dissertation.




Based on the complete documentation submitted for the purpose of applying for the doctoral
dissertation topic and the assessment of the scientific basis of the dissertation topic by the candidate
Amir Abed, the commission proposes that the doctoral dissertation topic titled "Optimal
Allocation of Ancillary Service Assets in Renewable Energy Microgrids for Enhanced Power
System Flexibility" be accepted. PhD Goran Dobri¢, Associate Professor at the Faculty of
Electrical Engineering, University of Belgrade, is proposed as the mentor.
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