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Abstract

Optimal power flow (OPF) algorithms are essential for secure, economical, and reliable power
management. However, the increasing integration of renewable energy (RE) sources and flexi-
ble demand, such as electric vehicles (EVs), introduces challenges like intermittent generation,
uncertainty, reduced system inertia, and energy storage management. To address these, continu-
ous improvements in power management strategies and communication infrastructure are needed.
This thesis proposes optimal power management strategies to enhance smart power distribution
systems’ efficiency. It focuses on optimal day-ahead scheduling for distribution markets, consid-
ering RE sources and DR-enabled loads, including EVs, from both system operator and aggregator
perspectives.

Initially, a day-ahead scheduling strategy was proposed for active distribution networks rich
in distributed energy resources (DERs) to enhance operational flexibility. This strategy utilizes a
DSO-centric day-ahead market model incorporating a multi-period, two-stage OPF model to sched-
ule and price both network and non-network DERs. It robustly addresses uncertainties in day-ahead
operations arising from local generation, load consumption, and market prices to mitigate intermit-
tency and forecasting risks. A novel bid price function is introduced for local distributed solar PV
generation to maximize its participation in network services. Additionally, a new scheme for man-
aging and pricing reactive power optimizes the scheduling of voltage support devices within the
distribution network. The framework is tested on the IEEE-33 bus balanced test system, evaluating
operational planning strategies to assess the overall cost-benefits under varying uncertainty levels.

A holistic approach is proposed for optimal EV management, considering interactions between
the system operator, EV aggregator, and EV end-users. This aims to minimize EV charging costs

and reduce distribution feeder peak loads, potentially deferring network infrastructure costs. The

il



growing number of EVs can strain feeder peak demand, necessitating sophisticated demand man-
agement solutions. Coordinating EV charging flexibility offers promise in mitigating feeder stress.
A three-stage EV scheduling strategy optimizes feeder demand coordination and EV fleet allo-
cation. It starts with EV demand estimation by the aggregator, optimized by the DSO, using a
novel pseudo price function (CP-LMP) to reduce charging costs and feeder peaks. The third stage
involves maximizing EV allocation by the aggregator. A robust optimization framework hedges
uncertainties in EV parameters, demonstrating significant peak load reductions and enhancing dis-
tribution system resilience and efficiency amid increasing EV adoption.

Further, a time-constrained EV load management strategy, intended for the EV aggregators has
been proposed for enhancing the EV accommodation to maximize the utilization of the EV charging
infrastructure. The motivation behind the proposed work is to further reduce end consumer prices
by optimally allocating multiple EVs in the same charging timeslots to enhance the number of
EVs that can be served. The simulation results and observations of the study indicate a significant
increase in the EV accommodation which in turn maximizes the profit for the EV aggregators that
can be translated to the EV end-users. Lastly, an operational planning strategy based on the three-
stage, feedback-based EV scheduling strategy has been formulated for optimal management of
EVs. The motivation for the study is to hedge EV aggregators from the risks arising from variable
and uncertain EV loads that could effectively help EV aggregators in the planning of the parameter

settings for the day-ahead scheduling frameworks.

v



Abstract in Hindi

Tyl o gRierd, forthradt 3T fasraia fosTelt Uefe sl gifaa & o forg sean festedt ware (Sdiow)
UATITEH Sl AT €Y F IUFNT fRdT SI1AT 21 gleliioh, JcdTe- o901 § Tdiehulta Seff (3RE) Hidi # gfg
HR Feifagen argl (2d1) Afed aielt 7T # gfg, fostelt yomelt Harem & forg g gHifaar 9 &t 21
TTH 9 FB AT H ST Icd1e did, IcdTa- 3R 7R 1 ATLaar, e ol w7 stgdr, 3Rs Jial
Y fasTelt IcuTeH & TEAH IUART & folg St WeRoT YuTferdl 1 ey SMfe enfie €1 Adfisad, gur &
forg fiar yare forg o @ 81 9IRS 3R il EreHl o dsit & TER ol agreid 9= & fog 9ar
it i # wTfd o Fre-are Hislal fostell Yee Wit | 39 G #, 39 e § ueqd s @i
forsTett faraRoT Jumferil <l g&fdT § GUR & oI 3Ead fosTell gaee 0HITad ol U&ard idl ¢ AHAR
W, &3 < fdoldll ATUR & folt I= dices] T W Aiar 3R fafde oie fasiel TR a91d & &,
g IR FgafirE & forg Framdt 3R Sielt g STt §, Saes 91¢ svan fastelt ey Muifia &
& foTT s5aq uiare™ 0TIl TUTS STt € | ek SToTRI |, faraeoT yomedt e 3R 98 UTay Uil
AR TR 31U Giewhiferar B 3ifan Iusiiararst o fory fasTelt @iien a1 9= § 9T @d 81 8T & auf |,
faaeor TR WX g gidl, S8 Bd didt &, 7 ufdfear (S1eR) qed oS 3eanfe & deil & yasr 6l
iy o felg &# dieest AT faawor yonferdt & forg g samaiies dige wedrfad i sreae fog 1g €|
TRUTT fIaeor TR W T Afgell Sl L&A Al I83d fostel! GoMferdl o dig-1a Fere sl gRfad &d
T Sifam-3usiiert Swal st afEd wer 21 e 7 forg 77 orf 1 ek e Sfve 3R @iter
3Rl § <ot Tfed ARE Hidl AR EIAR-G&H s & 3TAH UaeH o forg faawor Ikl & forg gean
fer-3mm) Qegfernt Yoot ue e €1 U H, fafe= Sigem & uREres aeielud &1 oy 3o & forg
SISAR-THG Fiohd [daruT Aeach o Ty Uah T Uget i AT YUTHITA UTiad ol 718 &1 TTet Heddh
Yeie & T, Jetfad reefelt Y0THifd sl STugan-shigd 2-318g Hiche Higel o ATYR U HIhR fhar T e,
foraH Seach il R-edeh SIEAR o feru Aegfert 3R e fufeor Fefiia e & for Te ag-smafer s
T-TROT AYTE HiSe LM & | AT ITEH, TS FUA IR STSTR hl hIdl d I &l aret fe-vfdfe
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& AT # ARTAAAT 1 ATquiRierdt 9 s@rd R AATAdarstt S wiasgarft & forg gedr & faur
o STTaT 81 Aeadh a1 B Jrfierd) &t sifdedn oen & 3889 9 WH faafia IR fidt Iares & forw te
T Felt Hodt W JEdTiad & | faaeor Aedeh & iR dicest gHel IUHUT & STAH Agfe & forg U
T2 ufaforanelier fastelt veem 3k gea feieor Temr off T 1 718 €1 Uaniaa & 38 feue €-33
Y Gdford UAeTuT YUTTel! X AN] bl T3 & AR fafer= sfafaaar =i o yonelt o 9ay dnTd-ae & forg
TR FISHT 0TI T fasaiwoT fomam T 81 59eh STeTTdT, Sat & SPaH Ueed & foru ey sifqees 3k
1 TR, 3R 341 TR 3R Sl Us-gord & o9 dTasiid W faur sid §U U §HY 3iRhIT Uedriad
&1 Ut T o1 3T a0 $iedl o Uieh wlis ohl A did §U Sl TTHT SITd Shl ¥ T & Sl Aeddh
IS i & WA IR 1T @RI &l R HH IR ha &1 a1 ol dedl gfg F faawor yorelt Gl
TR IR 7T H g & hd! &, ST forg Sifeet 3R 3erer #Ea /it Yeiee THTE Sl Aaedehdl aldl gl
Z1 <THT BT AN U= 1 AT Io, S Ifd ¥ 8 G- foram STrar 8, dt hie AT a-1a ol A
T HT FTa] TR ST €1 b i =0T aTedt 31 [ASgferT WIS JEatfad & ST &4t 98 &l Heraidigdds
HATdfed HYd §T fIaRor dhie AT ol g & & HH-IT el &1 Tgel 90T H Soil e gRy gat AT
T ATH TR ST &, FS Sl o =1SHT A=iicd= o1 o1+ IoTd §U, S 0T H SIUHsl g R Afdw
ST fohdT STTAT €1 Teh a1 &1 Jed TherM I8 »Hecaqol )R # wra dinfa fd i 87
(H-TeTTHdY) T STTAT &, ot 3687 ek & $U § YaTiad fohaT 1T & STt 3ifad-3udnT anfolT ainTd 31R
ThigY Uieh T ol W YT 8| 1Y =0T H $oft TR g1 dalt 3rde hl AfAehaH e AH &1 38
ATAT, 31 AU R Ik faaror # sAfAfaaret ¥ 9919 & folq Ueh #eigd Aeher-ATeTRa uRare-
IS ST YEATad &1 UEdTiad Ugld ol TTaehliear sl 7 o & fofq saTaeh fasaor uea fog g
&1 31 a1, IR dre AT 3R =it WA &1|dT S18 dienl o 3TYR W, AR iR didks die |
JeA@-1T HHT AT 8, ST dsit & Sait THR o forg faawor YuTTell o eTeiiclue 3R 3e7dT ol s | Jedrfad
I o Ffad @l ot @ifohd T g1 38 3TeTTal, 3l ITOHT J-Tal id o IUINT i AfAhad
YA o foTq ST 37T ol ST o foly gat Wikled o oy Teh THI-ITET ot g ae 0TI Jattad
I TS & | UATIId il oh Uie) URUTT Teh &l ATl CISA-ITC H e 3dT ATaTed dhich iTTH IUHIGAT ShiFdl
I 3R HH BT ¢ dlich GUHT ST HhA dTcAl 3ol hl HEAT S 18 T Hoh | THI o FAHee gikom 3R
AR ST AT H Jeeiea=i1 gfg T Hohd od & 1l 9Gel H gat QUIICH o felq o1y ot sAfdeha ™ edl &
S gait sifam IuaiTeRatatt & forq srarfed fomam ST Hehat &1 3id H, Sd1 & 3Ean YeeH & forg di-avr,
hIgaeh-3YTRd g1 Vel WIHITA TR SATeTRd Ueh TR AT YU d= <hl T 8| 37ead o ferg
TROT Eat Tifiied &l uRad-1g 3R sTfAferd Sdt @is & I g4 aTel SiaHl O 991 ¢ Sif at uillied
& Te-31mT QeefforT o & forg TRmiter AfEra &1 AIeT 99 § Tt &7 § Hag o 9l ¢ IdTiad
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