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ABSTRACT

This work aims to propose multiple solutions to address various challenges associated with
integrating PV generation systems into modern low voltage distribution networks. Various
configurations of grid interfaced multifunctional PV units are presented, and associated control
algorithms are developed. Grid voltages in distribution network are prone to being unbalanced
and distorted. An accurate phase angle of grid voltages is necessary for grid synchronized
operation, otherwise stability and power quality (PQ) issues arise. In this work, multiple new
filters are developed, analyzed and compared with reported filters, and provide better removal of
defects in sensed grid voltages such as harmonics components, unbalance and DC offset. Using
developed control mechanisms, system has a capability of grid interconnection at weak grid

conditions, and continues feeding balanced, and sinusoidal currents to the grid.

Local loads present at point of common coupling (PCC) are nonlinear, which draw reactive
power, neutral current, harmonics currents, and unbalanced power from grid. The system is
suitably controlled by advanced control algorithms, to mitigate the impact of such loads on the
grid. Conventionally, the regulation of the DC link voltage of the voltage source converter
(VSC) interfacing the PV array with the PCC, is used to achieve power balance, and control
grid currents. However, the dynamic performance at changing PV array power or varying local
loads, is not satisfactory. The response in grid currents, to changes on the PV side and grid
voltage variations, is expedited using a PV feed forward term. Similarly, an estimate of the
load current is made, and used to hasten system response to load changes. In the reported
methods to estimate load, a vulnerability is found, which is the poor performance in the
presence of impulsive noise. In this work, the significance of local load current weight
estimation is underlined, in conditions where the DC link voltage is liable to have ripples due
to unbalanced VSC currents, and a mechanism is implemented to make the estimation robust

against impulsive environment or sensor noise.



A single stage PV system involves direct coupling of PV array with the DC link of the grid
interfaced VSC. While an intermediate stage is avoided, the control of DC link voltage is
constrained to track the maximum power point (MPP) voltage of the PV array. In conventional
single stage system, this causes PQ issues at conditions such as low irradiance and grid
overvoltage, when the DC link voltage is less than required to properly control grid currents.
A flexible mechanism for the control of DC link voltage for a single stage system is presented
in this work, which rectifies the PQ issues, maintains desired modulation index of VSC, and
reduces operating losses. The presented control also enables deliberate de-rating of PV array
power during voltage dips to limit grid currents and mitigate overcurrent tripping issues,
ensuring continued current injection to support the grid. During voltage rises, the de-rated PVA
power helps prevent further deterioration of utility network conditions, by lessening or

eliminating the power outflow to the grid.

The challenges faced by utilities in accommodating significant amounts of intermittent
power from local distributed PV generation units are also addressed. The lack of control over
the PV array power production makes it difficult to match the real time supply against demand,
which causes voltage regulation problems of undervoltage (UV) and overvoltage (OV) as well.
Moreover, the time of availability of PV power causes large variations between the amount of
power the utility is required to supply throughout the day, causing increased reliance on peak
power plants which are often diesel run. Hence, buffering energy storage is required for easing
such issues, and to allow for further penetration of PV units. However, it is seen that the

utilization of battery energy storage (BES) is limited in the reported PV-BES systems.

The developed control strategy leverages the BES to achieve several operational benefits.
It eliminates grid power fluctuations caused by variations in PV array output and local load
demand. The injected grid power is dynamically adjusted based on prevailing feed-in tariffs,

maximizing economic benefits and contributing to demand-side power curve flattening. There
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is a provision to import and store power from the grid at lower rates. Unlike conventional
systems, it prevents tripping during significant voltage drops, ensuring continued support to
the utility even when PV power production is absent. Additionally, no de-rating of PV array is
required. During overvoltage conditions, the system aids the utility by halting power export
while allowing power import as needed. Furthermore, the BES health is preserved by

transitioning to a recovery mode upon detecting over-charge or over-discharge conditions.

Proposed solutions are developed for three phase three wire and three phase four wire
system configurations, with two stage and single stage implementations. The system and
associated developed control strategies are modelled and simulated using MATLAB SIMULINK
platform and evaluated using tests performed on a developed hardware prototype at various

challenging use cases. The PQ compliance with IEEE 519 and IEEE 1547 standards is verified.
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R

g Y B AYFF Al dieco! [SHISIRA Aede H Biedieed (PV) SR Rerd
& UHIHRU § et fafid gAifadl & T 8g $s [adhed UKId Bl & | e-gethes
ARIGERMA PV JHCH & fafd SIRHTRRM URqd fhd U &, 3R 377 fo Sugad dberd
TR fasfid fen U § | fEisgmM Aeas # I dieest Imad: sRigfad iR faga
B ¢ | Ue-RipFEee 3ITRIM & T dieesl &1 ICidh el WA RIS Bial 6, Sl
IS SR TR SIS (PQ) BT THWY I BIcht § | $° B & B AT [Uheed [adiid
fory U B, foraT fa=eloT SiR o gaad Rulcs ftheed § &1 T8 8, 3R 3 39 fovw Mg
1S diccsl ¥ gHiHeY, 3iHacd, 3R DC SHIthe oRft @RIfd! &I 3ifties YHTE! €71 ¥ gerd
| faeRia e faftrt o e ¥ a8 Ried did s dreremg o off s SeramiaRM
H T e g, 3R Iferd, Trguiged Hecy I8 & qargdr g

Gigc 31h AT HUCHT (PCC) R ANg Aidhd Algd FHRId: AH-fA-eR 8d &, Sl
firs ¥ Rufdea orar, ged Hic, gMiHe® Hicy 3R SRS TR ad & | 39 UG &1 &Y
R & fog Ried &1 I9d dia T gRT fafd far mar 81| g w0 ¥, pv |
3R PCC P T SeIBRIT decs] T p=ac (VSC) b DC e diees & FRafEd #p uraR
IR 3R I8 Hie Hela UIa oo ST g1 gTdifs, PV UGk § dgdid a1 dihd alg
INTRH & qug Ried &1 SHAIHG WBIHY Ydivee Tgf Jedi| 39 Y H, pV Ble
BRAS cH 3R TS BT B ST Siisa IS e o ufafsar 1 at fear mar g 1 uga
3 Ruids die EANTH Aygy & srufeda iy o SURITT & WKy Te U 78 81 59
o1 7, T fufaal & SieT De fifd dieest & Rucq 344 81d §, T Holgd 3iR Aigel-Ja%
SR TYS Rd1Ad &1 75 5|

R7e =S pv Rieq & pv T &) Tt AI8-gexthes vsC & DC fofes T SieT o g | 598
HIs HYA! GR0T Ta] gidl, 3R DC e diecs oI AfRTHH UIaR Tise (MPP) dieedl & WY
% B Bl & | TRIRNTA R ol Rewd #, T 3eS0y 3R s siiaralieest ot fRyfeat
i DC foier diee yaf 81 giar for e PQ 33T 311 € | 39 &1 H Ueh Wkifadad DC ol
diecol Held Hop-eH URATAd &I T & Sl PQ JHST &1 o §, VSC & feumas
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AISAIRA ST Bl TN Wl § IR TR AN BT eTdl 5| I8 dberd RReH diecdl
ST & T TP PV IR S1-3¢ 6% Gl § difds STaRe e T J a1 o1 9o, 3R
e &1 RO TUIc a8 | Aecs I3 & GRM, S1-3¢S PV UIR Jfefere! Hedd HalxH
®I TRE g I FaH T TS gl 8|

fefesges pv SRR ey ¥ e are SRR Xfdd & HRUT gfeficis & o5
RS BT WA 631 ISl g | PV W 3MT3eYe R gz &1 31419 g ergd feuis &
1Y FHE BT BT §91a1 8, FS sigdiees (UV) 3R 3NaRdleesl (OV) Wit JHJTT
3T &1 T Y, PV UTeR 1 IUdIdT BT JHY gfefare! & IR a7 &1 urar fEaiiadt g
DI THITAT Tl g, o Ui UTaR wifeq (IR Sioid memid) W HaRkar sgdl g1 39
Uy o Tolf WRS & aaesdl gt § dlfds PV & HheR TSR IYd 8 I | gTdife
ROIES Pv-ae Toll kel (BES) Riketd # BES T SUART HfHd @7 5|

I 1 H famRId dhcia ol BES & SINY &g STURRMd SiAfthed U &=l ¢ | I8
PV 3T3eYE 3R A1 feris # IdR-TeE ¥ Iad IS UreR TeiaquRM & T &l ¢ |
HI8-31 <RI & TR I IR &1 SIS TSsRedc [dhaT offdl g, forey sfes ary
BT 8 3R fSHiE IEs Uk &d &I Wie fhar Il g1 FH R R e ¥ Uik 3 avp
TR 31 4 Gd BT ¥ | I8 WUTTelt Sievdleest & ary +f fou Tt et 3R aer ot gfeferdh
U IR Wl § O PV UIGR SUAsY g1 giclt | 1 g, S PV UIaR Pl SI-XC A Bl
3Ll T8l gl 3aRdlecsl &1 R H, g s &Y urer TaquIc A &l § aifcb
TR TS+ IR UG STIE Bt SFAR St 8 | ST SITTal, BES 1 Ugd Pl §-1 I8 o forg
3ffavarst a1 sfier-fewamsl &t fufa & ag Revast dis & 9t ol 5

TRTfad T -0t 31-aRR SR 31-Thel BR-IRR HIFBTRIA & fog, RiTa wof
3R TS SEAHCRH & ¥4 H faafd fou mu §1 Rew iR Wefia dera fafdat &1
AT 3R RIGA=RMA MATLAB SIMULINK WIEWhIH TR fasar a7 8, 3R fasRid gréam
Ticiersy W fafid i3 uRfRufarl & Rt gRT Gedic foam 71 ¢ | UKo 1 IEEE 519
3R IEEE 1547 U & eudl & e A g o1 12 B
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Hall Effect based current sensor (a) Schematic diagram of the current
acquisition circuit (b) Photograph of the current sensor PCB

Hall Effect based voltage sensor (a) Schematic diagram of the voltage
acquisition circuit (b) Photograph of the voltage sensor PCB

Optocoupler based switching pulses isolation circuit (a) Schematic
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