CONTROL OF UNIFIED POWER QUALITY CONDITIONER
FOR GRID CONNECTED AND STANDALONE RENEWABLE
ENERGY INTERFACED AC SYSTEM

SANJENBAM CHANDRAKALA DEVI

Department of Electrical Engineering
Indian Institute of Technology Delhi
February 2025



© Indian Institute of Technology Delhi (11TD), New Delhi, 2025



Control of Unified Power Quality Conditioner for Grid Connected and
Standalone Renewable Energy Interfaced AC Systems

by
Sanjenbam Chandrakala Devi

Department of Electrical Engineering

Submitted
In fulfillment of the requirement of the degree of

DOCTOR OF PHILOSOPHY

to the

Indian Institute of Technology Delhi
February 2025



CERTIFICATE

It is certified that the thesis entitled “Control of Unified Power Quality Conditioner for Grid
Connected and Standalone Renewable Energy Interfaced AC Systems,” being submitted
by Ms. Sanjenbam Chandrakala Devi for award of the degree of Doctor of Philosophy in
the Department of Electrical Engineering, Indian Institute of Technology Delhi, is a record of
the student work carried out by him under my supervisionand guidance. The matter embodied

in this thesis has not been submitted for the award of any other degree or diploma.

Dated: 20/02/2025

(Prof. (Dr.) Bhim Singh)

Emeritus Professor

Department of Electrical Engineering
Indian Institute of Technology Delhi
Hauz Khas, New Delhi-110016, India



ACKNOWLEDGEMENTS

T wish to express my deepest gratitude and indebtedness to Prof. Bhim Singh for his
unwavering guidance and supervision throughout my Ph.D. journey. Working under his
mentorship has been an enriching experience, providing me with profound insights into the
realm of research. Determination, dedication, innovativeness, resourcefulness and discipline of
Prof. Bhim Singh have served as a constant source of inspiration, propelling me to successfully
complete this work. His consistent encouragement, meticulous oversight, and commitment to
excellence have continuously motivated me to strive for improvement and harness my full
potential. Under his tutelage and blessing, I have not only gained invaluable research
experiences but also acquired skills that will benefit me throughout my life.

I extend my heartfelt thanks and deep gratitude to Prof. Anandarup Das, Prof. Sumit
Pramanick, Prof. T. C. Kandpal, Dr. Ramkrishan Maheshwari, and all SRC members for
their invaluable guidance and unwavering support during my research work.

I also express my sincere appreciation to Prof. Bhim Singh, Prof. B. P. Singh, Prof. M.
Veerachary, and B. K. Panigrahi for their invaluable insights during my coursework, laying
a strong foundation for my research. I am thankful to the Indian Institute of Technology Delhi
for providing me with the necessary research facilities.

Special thanks are due to Prof. Bhim Singh and Prof. M. Veerachary, as Prof. in-charge of
PG Machine Lab, generously providing me with facilities to conduct experimental work at the
PG Machine Lab.

I extend my gratitude to Sh. Srichand, Sh. Puran Singh, Sh. Jagbir Singh, Sh. Amit Kumar, and
Sh. Jitendra of PG Machines Lab, UG Machines Lab and Power Electronics Lab., Indian
Institute of Technology Delhi for their assistance and provision of facilities.

I would like to thank all my seniors, Dr. Priyank Mukeshkumar Shah, Dr. VL Srinivas, Dr.
Sachin Devassy, Dr. Nishant Kumar, Dr. Vandana Jain, Dr. Aniket Anand, Dr. Shadab
Murshid, Dr. Anshul Varshney, Dr. Sreejith R, Dr. Shailendra Kumar Dwivedi, Dr. Piyush
Kant, Dr. Seema Kewat, Dr. Subarni Pradhan, Dr. Anjanee Kumar Mishra, Dr. Deepu Vijay
M, Dr. Utkarsh Sharma, Mr. Debasish Mishra, Dr. P. Sambasivaiah, Dr. Pavitra Shukl, Dr.
Farheen Chishti, Dr. Rohini Sharma, Dr. Mohd. Kashif, Dr. Hina Parveen, Dr. Aryadip Sen,
Dr. Gaurav Modi, Dr. Souvik Das, Dr. Jitendra Gupta, Mr. Utsav Sharma, Dr. Shalvi Tyagi,
Mr. Syed Bilal Qaiser Naqvi, Mr. Sudip Bhattacharyya, Mr. Sandeep Kumar Sahoo, Mrs. Yashi
Singh, Dr. Vivek Narayanan, Mr. Saran Chaurasiya, Mr. Sayandev Ghosh, Mr. Suri Rama

Naga Praneeth, and Mr. Priyvrat Vats, who have constantly helped me on all technical and non-

il



technical issues.

My sincere thanks are due to for cooperation and informal support Dr. Priyank Mukeshkumar
Shah, Dr. VL Srinivas, Dr. Sachin Devassy, Dr. Subarni Pradhan, and Dr. Nishant Kumar, in
pursuing this research work.

Special thanks to Mr. Deepak Singh, Mr. Rahul Kumar, Mr. Deepak Saw, Mr. Sharankumar
Shastri, Mrs. Kousalya V, Mr. Shivam Kumar Yadav, and all other colleague for their valuable
aid and cooperation.

Moreover, I would like to thank, Mr. Saurabh Mishra, Mr. Mohammad Junaid, Mr. Muhammad
Zarkab Farqooi, Mrs. Kripa Tiwari, Mr. Rohit Kumar, Mr. Vipin Kumar Singh, Mr. Arjun
Kumar, Mr. Biswajit Saha, Ms. Farha Siddique, Mr. Sumit Kumar, Mr. Gaurav Kumar, Mr.
Himansu Sahoo, Mr. Adnan Farooq Khan, Mr. Chetan Shashank Matwankar, Ms. Smita
Mohanty, and all PG Machines lab group for their valuable support.

Moreover, I would like to thank Department of Science and Technology (DST), Govt. of India
for funding this research work under the fund for improvement of S&T infrastructure in higher
educational institutions (FIST), UKICERI (RP03391), Clean Energy (RP03195), UI-ASSIST
(RP03443), SERIII, J C Bose Fellowship (RP03128) and SERB NSC Fellowship.

I am deeply indebted to my father Mr. (L) Sanjenbam Gouramani Singh, mother Mrs.
Sanjenbam Mema Devi, for their unwavering support and encouragement. Special thanks to
my sisters Mrs. Sanjenbam Sarojini Devi and Ms. Sanjenbam Gyanabati Devi, brothers
Mr. Sanjenbam Jodhachandra Singh and Mr. Krishnamohan Singh, for their continuous
support and belief in my abilities. Moreover, I would like to thank all my family member and
Mr. Deepak Singh for giving me the inner strength and wholehearted support. Their trust in
my capabilities had been a key factor to all my achievements.

Finally, I express my gratitude to the Almighty for blessing me with the strength, wisdom, and
determination to reach this academic milestone. I pray for their continued guidance and

blessings in all my future endeavors.

Dated: 20/02/2025

Sanjenbam Chandrakala Devi

il



ABSTRACT

This thesis presents an advanced control strategies for a unified power quality conditioner
(UPQC) renewable energy-based AC systems, addressing both grid-connected and standalone
operational modes. As renewable energy sources (RES) become increasingly integrated into
modern power systems, maintaining power quality remains a critical challenge due to their
intermittent nature. The increasing integration of renewable energy sources, such as solar
photovoltaic (PV) array systems and hydro power generations, into electrical grids poses
significant challenges related to power quality (PQ). The UPQC, a combination of series and
shunt compensators, offers an effective solution to mitigate power quality issues such as
voltage sags, harmonics, and reactive power imbalances. In grid-connected mode, the UPQC
is designed to enhance power quality by compensating for grid voltages disturbances and
ensuring smooth integration of RES. In standalone mode, it ensures the stability and reliability
of the microgrid by maintaining voltage and frequency stability, even under variable load
conditions. This research work aims to address the capability of voltage and current qualities
improvement through an adaptive control algorithm, which dynamically controls the operation
of the UPQC.

The control strategies integrate advanced techniques such as enhanced second-order
generalized integrator (ESOGI) control method for a grid-integrated UPQC with a solar PV
system. This approach eliminates the need for voltage sensors on the grid side, effectively
mitigating DC offsets and estimating fundamental elements to compute reference signals. A
double-stage solar PV array integrated UPQC is developed for a three-phase three wire and
four-wire distribution networks. The system effectively addresses multiple PQ issues,
including neutral current and harmonics, through two four-leg voltage source inverters
connected via a common DC bus. Performance analysis confirms the system’s capability to
maintain high PQ levels under diverse operational conditions.

The thesis also investigates the applications of a damped ratio adaptive second order
generalized integrator (DRASOGI) control and model predictive control (MPC) method in
standalone systems driven by pico-hydro turbines to enhance the performance of the UPQC.
The proposed system is validated through extensive simulation and experimental studies,
demonstrating its effectiveness in improving power quality and system stability in both grid-
connected and standalone modes. Experimental validation through hardware prototypes further
confirms the system’s ability to follow the IEEE-519, IEEE-1159, IEC 61727 standards. The
results indicate that proposed UPQC control approach provides a reliable and efficient solution
for mitigating power quality issues in renewable energy-based AC systems, making it a
valuable contribution to the development of more resilient and sustainable power systems.
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ABSTRACT

g IR Ue U iopd faroTall ORI e RIMR (UPQC) & Sol- TR Tt Ried & oy
TT PRAT S | AP 316 SHolt A (SIRSTH) MY fosrelt gonferat # dsit ¥ Ui
B A €, faoiclt &1 TJura &1 91 X@HT 3D & -3 DR WA ardt YHid &b HRUI
T AUl A o1 g5 & | TAIRui Soft Aid, o i IR Wiciaifeed (did wxoft
TuTTet 3R gTge! fastelt &1 Wifgdl & ded Tamiavl, faggd e # s &t 1uraan diey)
T Yeifa Agayul gHIfaat €1 guiegeh, saan sik ¥ie ey &1 Ue G4, diecd
Uy, g 3R ufafmareia ufe sriqar S fasTelt @ ura™T & el &1 &1
B & 7T T YHTE FHTYH UaH a1 8| Big-Facs His #, upQC &1 g dlieesl &
TSTS! B UIUTS TR 3R RES P YARE TDIERU] &l J13d B (ool I T[ura ol
g & fore feums fosar mr g1 Wesid Ais § g =R dis fufadl & dgd +f diee
3R 3MgfT FRURAT P S @A o GRT ATSHIRTS &1 FRURAT 3R fagRmiaar g sar
21 39 MY B BT 32T T 3Gl HU=0 TR & H1eqH ¥ diees 3R IdaH o1
T YR 1 &A1 BT GaIId BT g, S =i ¥4 ¥ UPQC & FaTe &I Fafad &
g1 Fa=0r Iurifaal S9d dd-ie! o fb T IR didt yumelt & Ird fs-tabigd uPQC
& o W v & IHIHd IHRAEd $ERIeR (ESOGI) faur fafd St 39d aa-ita!
DI TPHIPpd Il & | I8 TRHI IS W2 W dieedl IR P aTHdl Bl THIE Bl
g, UHTd! =Y § SR SHThEe 1 B Bl 8 3R Few Hebdll &1 M0 3 & g Hferep
Il T SFIH TICT 5| U Sad-eol Aier Uid! IRuft Tdhigd UPQC & dfiH-TRoT o H




IR 3R IR-dR faavur Aeas & foy fawRya fovar mar g1 Red uuidt U ¥ &% diag,
e & GaITd ol ¢, o T JHg SR 99 & ATe0H ¥ 98 &) IR-IR dlees] did
SIaER & WA ¥ qCR IaAM 3R grHied Qiier 81 Taxi faawor fafdy afemer
fRufat & ded I Ty TR T e & g e &t amar &) gy oxar 31 AR

THh 0 SUId TSfPd Yhe 3ifex AMRAHd EEhier (DRASOGH) Heid 3R Aisd
Ufefded dera (MPC) fafdl & SIIVEINT @) Sifg &xdT 8, S UPQC & e & SgH &
foTg PICO-Hydro Tafga gRT Tanferd WasraH Ried # 81 TRdIfdd Yuel &) e
R iR TS sreag-l & Aregd ¥ A fobar T g, o fre-dacs iR
TSI IS S H faoTel 3t Turaar 8iR Red fRRAT H gUR A § 39! gHra=iadr
BT YR Rl 5| TSR UIICRy & HiegH ¥ YR FAIUA S IEEE-519, IEEE-
1159, IEC 61727 HM®! &1 UTaH &4 & fod Ried o1 & &t gfY war g1 alkomy
§dTd g fb wRetfad upQC e 2fPepiur siarm Soil-semiRd Tt Rikew & fooret

TUTaT & HE| ! B B o [o78 U fayT-1a 3R $A THIUM UG BT &, o T8
3P Tt 3R fewrs, fasTel! yunferat & fawma & U Heuam areH § |
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