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ABSTRACT

The advent of distributed power generation using various renewable and non renewable sources
has given rise to the concept of microgrids. Using solar photovoltaic (PV) array, wind mills, diesel
generators (DG), hydro plants etc, have enabled power production at utility as well as residential
and community levels. Though the initial microgrids started as AC microgrids, consisting of AC
generators and loads, however, the majority of distributed energy sources and upcoming loads are
DC, the trend is shifting towards DC microgrids, and hybrid AC-DC microgrids. The remote areas
and mountain villages where grid is not accessible, can now create their own microgrid and operate
it in standalone mode (SAM). The same distributed power generation plant can be synchronized
with the grid as and when available, and operate in grid-connected mode (GCM). Thus, the conve-
nience of having electricity supply has increased for remote, hilly, as well as utility fed communi-
ties. However, the reliability, safety, security, and quality of power need to be maintained, which
need prior planning, design and complex control schemes. Additionally, the multimode operation
of the microgrid is desired for it to smoothly transfer between SAM and GCM, without disturbing

the system. The islanding & synchronization with grid are regulated as per IEEE standard 1547.

DGs have been used conventionally as main power source in the villages devoid of grid power,
and as back up power source in residential communities and industries. Combining DG with solar
PV array would help in saving fuel as well as environment, along with maintaining the reliability of
power. In order to reduce the rating of DG, and store excess PV array power whenever available,
BES becomes an important part of the microgrid. However, presence of multiple sources not
only add to complexity, but also call for intelligent power management control schemes in order

to coordinate between different sources under various scenarios. The control schemes need to



be resilient to variations in load and solar PV array power, and also regulate the charging and
discharging of battery within permissible limits. Additionally, the control should be robust to be
applied to a variety of loads.

In today’s world, the loads in residential as well industrial communities comprise of power elec-
tronics based devices such as laptop chargers, mobile chargers, welding machines, variable speed
drives, etc., apart from the lighting load. The nonlinear nature of the loads causes non sinusoidal
current to be drawn from the source. Drawing nonlinear current from grid leads to nonlinearity
in the voltage at point of connection (POC), thus, deteriorating the power quality factor. The total
harmonic distortion (THD) in the grid current is regulated as per IEEE-519 standard, and must be
kept below 5%. In the absence of grid, DG is used as auxiliary generator, and the manufacturers
of DG advise to use it with linear loads only, as drawing nonlinear current from the DG leads to
reduction in its loadability. Thus, the THD of DG current is also regulated to be below 5% to max-
imize the loading. Moreover, the fuel efficiency of DG is effected by the percentage loading also.
At low loading, typically below 40% of the rated, the inefficient burning of fuel causes emission of
soot, thick smoke, and toxic gases. Thus, the DG is operated within its fuel economy zone (FEZ),
and with linear DG currents.

This research work aims at developing multiobjective control schemes for coordinated control
of solar PV array power, BS power, and DG power for power management, along with maintaining
the power quality at source end within given limits. The work discusses design, control, and
implementation of a number of plausible system architectures which are opted for deployment in
AC, DC, and AC-DC microgrids. The challenges associated with each system configuration are

identified and addressed through design and control.
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ABSTRACT

faftrs TdteRufia $iR TR URuRke Wit &1 ITANT HRb faaRkd fasielt IdTe & S 3 TEHife ot
JIYROT B o4 a1 § 1 IR Bieidifeed (PV) TRUM, Ua- e, Sord SkeR (Siof), 8188l Wiie 1S &7 JudNT
HRp SUATIAT & TTY-T1Y AT A7 IR TR UR [Tt Sare &1 gerd foan g | gTeifes Rt agwife
T ARHIE & w0 B YE gU, ford Tt SReR ofR TS =nid 2, gTatifes, faafed Seif dral ok M aret HRY
A 3 afipiz DC €, ugfy DC ARHIRIS 3R Tl AC-DC AZHIIE # 3R o¢ 6! 81 GRS $ ga1d 3R
URIE! TTid STgi fire de Ugd el §, 31d 3T g B HISHITIS a1 Yobd ¢ 3R 38 WS3rel His § Farferd o
T 31 I IR farerelt Same 49 1 od W Iucsd g, e & 9 Rish1sw foban o ot 8, 3R B
FHAS TS T B IR b 2| 3T UPR, TR, TgTS!, 3R T & forg fasteht amyfef o) gfaer 7 gfS g 81
BT, farTelt 1 fasr=ard, TRefT, 3R UTaT o) -TE TTH B SRewd o, Foraes forg gd averr, fEwme sk wifea
fref=r0T QYSiTST 1 SMTaegehdl Bl € | 5 M, HIgshITIS o1 Hec IS HeTe aifesd g dlic RIteH 1 iR
o o1 TauTH SR SiRfvd & dta S & RiHTaRd 351 ST d | IEEE A 1547 & SR G718 & Ay
IR 3R geaeTad o fafafia fear smar g1

SISl &1 IUaNT RN TU ¥ fire urar § fed TMiat & qor faorelt Oid & 0 & SR sirarfia Igeri ok
NN H 9P 3T TR i & = H o1 STl 36T 5 | Stoil 1 e Uid! QR & J1 e & fostent 3 fayeiaarn
FATY G & TTY-T1Y S & F1Y-1Y IR0 I 59 H Hag fHah | STell 1 e 31 50 a1 & g, sk o1
i Suersy B, StfaRed Py ifek] 1 €R R & oY, SHTd HISshITs 1 Ueb Heed Ui o ed1 & STl 8 | BTeiifch, Ps
il &1 JufRUfT 7 FHaa Sfeaar b1 Srsd &, sfew faftra ufkesdl & ded faftrs Oidt & e s & fae gfgme
fororeft wrater o sl &1 ot sra=aear g1l 5 | PRI AierTal @1 HR 3R AR didt ol <ife & frsrar &
forg orften g =fe, o g T & HfieR 9t @t =i SR fewafol @ oft fafvafha s =fewl 3%
Sifafvad, faftrs YR R AR ER & for Fd=or gored g anfeul

31Tl w1 g #, srardia Sk Ay €t efeifiies Tl § s # argfen die & iefrar fwiel el
TR fEargy S Quely oR, Hiarsd arerR, Afed axiF, afuea i gga snfe wnffa g1 YR &t sREa
Upid & SR AT F IR-ATT3sd YRT Wil At 71 frs ¥ Framsf R die Fiem ¥ PeC R dieest & IR-
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AGhar Bl B, 39 UHR, faieht &1 Juraw HRe farsdl 21 firs &¢e # THD IEEE-519 A & IR fafafird
8, 3R 38 5% ¥ I3 @1 S =g | BIS & srvra #, Sioll &1 SUINT HgRe SHveR & U H o1 S g1 Shoft
& fHTdT 39 e iR dis & Y STFNT B B! HelT6 ad &, Hifch Sisil G ATAIZER BRC Wia J gHD
TSR # ot SfTcht §1 39 UPR, AT B HfYHAH B & [T DG Fie BT THD *ft 5% ¥ e g1 & forg
fafrafid 81 39 sraar, Stofl &1 Su &l ufavd aife ¥ Hf muifad gl 81 o0 AfeT W, SdR )RS &
40% T FH, S & G ST I FHIferE, T Y34t R gl TGl &7 IToH gial & | $H UBR, Sioht 30+ FEZ
& iR SR XV Stoft yRTSH & HrY F=AAd BIell &1 9 MY D1 BT Ied < 73 WAl & iR Ad & 3fd d
faoTelt o1 o ST T & IrY-Try AR didt aRoft wifdd, iy ureR, o fasTedt veeE & fore S uraR &
AT A0 & R g3 a0 Ao s Rid 31 3| Hrl &3 TRie R sifhedar & feas,
g0 3R Praf-ag W == e & fore T, St ofk wefl-SIHl Argepifdrs # uRfgSi & for g1 S 8 | wedies
e SIFRPTRYH Q ISt Ffaal & feemg 3R FE=0r & Arem § TeamT 3R G fohar srar |
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