
CONTROL AND IMPLEMENTATION OF SINGLE-PHASE 

GRID INTERFACED SOLAR PV-WIND AND BES BASED 

MICROGRID WITH GRID SYNCHRONIZATION  

 

 

 

 

 

 

YASHI SINGH 

 

 

 

 

 

 

 

 

 

 

DEPARTMENT OF ELECTRICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

 

JUNE 2025 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2025 

 



CONTROL AND IMPLEMENTATION OF SINGLE-PHASE 

GRID INTERFACED SOLAR PV-WIND AND BES BASED 

MICROGRID WITH GRID SYNCHRONIZATION  

 

 

 

 by 

 

YASHI SINGH 

 

Department of Electrical Engineering 
 

 

Submitted 

In fulfilment of the requirements of the degree of Doctor of Philosophy 

to the 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JUNE 2025 



i 
 

CERTIFICATE 

 

It is certified that the thesis entitled “Control and Implementation of Solar-Wind and 

Battery based Single Phase Microgrid with Grid Synchronization,” being submitted by 

Mrs. Yashi Singh 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 her under our supervision and guidance. The matter embodied in this thesis, has 

not been submitted for the award of any other degree or diploma. 

 

Dated:  

 

             (Prof. Sukumar Mishra)                                           (Prof. Bhim Singh) 

 

     Electrical Engineering Department                        Electrical Engineering Department 

     Indian Institute of Technology Delhi                      Indian Institute of Technology Delhi 

    Hauz Khas, New Delhi-110016, India                        Hauz Khas, New Delhi-110016, India 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 
 

 

ACKNOWLEDGEMENTS 

 

I am deeply grateful to Prof. Sukumar Mishra and Prof. Bhim Singh for their invaluable 

guidance and unwavering support throughout my Ph.D. journey. Working under their 

mentorship has been a profound experience that has shaped my understanding of research. Prof. 

Bhim Singh's determination, dedication, innovation, and discipline have been a constant source 

of inspiration, driving me to push the boundaries of my work and strive for excellence. His 

consistent encouragement and commitment to my growth have been instrumental in the 

successful completion of this research. 

I extend my sincere thanks to Prof. Bijaya Ketan Panigrahi, Prof. Nilanjan Senroy, Prof. 

G. Bhuvaneshwari, and Prof. Ashu Verma, my SRC members, for their valuable guidance 

and consistent support. I am also grateful to Prof. B. K. Panigrahi, the late Prof. Mashuq un-

Nabi, Prof. Indra Narayan Kar, and Prof. Anandarup Das for their foundational 

contributions during my coursework, which laid the groundwork for my research. 

I owe a debt of gratitude to IIT Delhi for providing the research facilities that made this work 

possible. Special thanks to Prof. G. Bhuvaneswari, Prof. M. Veerachary, and the staff of the 

PG Machines Lab., including Mr. Srichand, Mr. Puran Singh, and Mr. Jitendra, for their 

support during the experimental phases of my work. 

I am thankful to my seniors, including Dr. Swati Narula, Dr. Geeta Pathak, Dr. Nidhi Mishra, 

Dr. Ikhlaq Hussain, Dr. Nishant Kumar, Dr. Shahdab Murshid, Dr. Shailendra Kumar Dwivedi, 

Dr. Anjanee kumar Mishra, Dr. Sachin Devassy, Dr. Saurabh Shukla, and Dr. Piyush Kant, for 

their motivation at the start of my research. I also appreciate the technical and non-technical 



iii 
 

support provided by Dr. Ikhlaq Hussain, Dr. Aniket Anand, Dr. Radha Kushwaha, Dr. 

Shailendra Dwivedi, Dr. Anjnee Kumar Mishra, Dr. Anshul Varshney, and Ms. Nupur Saxsena. 

I would like to acknowledge Dr. Subrni Pardhan, Ms. Smita Mohanty, and Ms. Farhra Siddique 

for their constant support and encouragement throughout my Ph.D. work. My gratitude also 

extends to Dr. Shataskshi Sharma, Dr. Seema, Dr. Vandana Jain, Mrs. Sunaina Singh, Dr. 

Vineet P. Chandra, Dr. Priyank Shah, Dr. Vivek Narayanan, Dr. Anjeet Verma, Dr. Subhra, 

Dr. Farheen Chishti, Dr. Pavitra Shukl, and Dr. Tripurari Nath for their encouragement. 

I am thankful to my colleagues and friends, including Mr. Gaurav Modi, Mr. Bilal Naqvi, Dr. 

Sunil Pandey, Dr. Shalvi Tyagi, Dr. Rohini Sharma, Ms. Chandrakala, Ms. Kousalya, Dr. 

Aryadip Sen, Mr. Sharan Shastri, Dr. Hina Parveen, Mrs. Rashmi Rai, Dr. Suri Paneeth, Dr. 

Jitendra Gupta, Mr. Rahul Kumar, Mr. Sayandev Ghosh, Mr. Utsav Sharma, Mr. Saran 

Chaurasiya, Mr. Shivam Yadav, Mr. Deepak Shaw, Mr. Sudip Bhattacharya, Mr. Sandeep 

Sahoo, Dr. Souvik Das, Ms. Kripa, Mr. Vipin, Mr. Rohit, Mr. Arjun, Mr. Biswajit, Mr. Sumit, 

and Mr. Himanshu, as well as the entire PG Machines lab group, for their valuable support. 

I would also like to express my sincere appreciation to Mr. Yatindra, Mr. Satish, Mr. Sandeep, 

and all the staff in the Electrical Engineering office for their assistance and cooperation. 

On a personal note, I am deeply indebted to my family. I thank my grandfather, Mr. Pritam 

Singh Verma, my parents, Mrs. Rajni Singh and Mr. Surendra Kumar Singh, my sister, Dr. 

Shikha Singh, and my aunt Mrs. Sushila Singh for their unwavering support and 

encouragement. 

A special note of thanks goes to my husband, Mr. Veereshwar Pandey. Your steadfast support, 

patience, and belief in me have been the pillars of my strength throughout this journey. Your 



iv 
 

sacrifices and encouragement have been invaluable, and I am forever grateful. To my daughter, 

Ms. Avya Pandey, your smiles and innocent joy have been my constant source of motivation 

and inspiration to persevere and complete this thesis. 

Finally, I am thankful to the Almighty for the blessings that have guided me to this stage of my 

academic journey. I pray for continued strength, wisdom, and determination to achieve future 

goals. 

 

Yashi Singh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

ABSTRACT 

This research work focuses on the development of a grid-interactive, multifunctional single-

phase PV-BES (Photovoltaic-Battery Energy Storage) system for residential and rooftop 

applications. To enhance system reliability, configurations integrating battery energy storage 

(BES) at the DC link are presented, both with and without a bidirectional converter. The 

functionality of the microgrid in various operating modes is thoroughly discussed. A seamless 

transition logic, combined with an islanding detection technique, enables smooth transitions 

between off-grid and grid-interactive modes. In grid-interactive mode, the system effectively 

provides power quality (PQ) solutions, including harmonics elimination, power factor 

correction and reactive power compensation. In off-grid mode, the control objectives shift to 

maintaining voltage and frequency regulation at the point of common coupling (PCC). The 

primary goal of this system is to ensure uninterrupted power delivery to local critical loads, 

even during grid outages. 

The primary aim of integrating battery energy storage (BES) into the microgrid is to enhance 

coordination with distributed generation, ensuring a reliable supply of electricity. By 

integrating BES, the reliability of peak load management is improved, along with the power 

quality of renewable energy production and the management of distributed and off-grid power 

systems. 

This research work also includes on the development of a grid-interactive multifunctional wind 

energy generation system (WEGS), objective even during grid outages. Owing to the 

complementary profiles of renewable sources like wind and solar, this work emphasizes the 

development of a multifunctional microgrid employing a wind turbine based permanent magnet 

brushless DC generator (PMBLDCG) and a solar photovoltaic (PV) array. The functionality of 

the microgrid during various operating modes is discussed. A seamless transition logic, 

combined with an islanding detection technique, is incorporated for transitioning between off-

grid and grid-interactive modes.  

This study explores various topologies for parallel solar PV inverter-based microgrids, both 

with and without BES, aimed at enhancing reliability and accessibility in remote areas. These 

topologies consist of DG units, BES, and local loads, with each DG unit incorporating inverters 

connected to a PV array through an output interfacing inductor and coupling lines linked in 

parallel at the PCC. A microgrid is deemed efficient if it performs effectively in both standalone 

and grid-tied modes, ensuring a smooth power transition. When a PV inverter operates in 
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islanding mode, the PV power should not exceed the load demand to maintain system stability. 

However, this can lead to either wasted PV power or underutilization of available PV power. 

To address this, additional solar panels are connected to other energy sources, such as batteries, 

to create a parallel PV inverter-based system, making it feasible to effectively harness power 

from each source. 

The microgrid structures and control algorithms are used in microgrid and these are modelled 

and simulated with MATLAB/Simulink toolbox. Following satisfactory simulation results, a 

prototype microgrid incorporating a solar PV array, wind turbine driven PMBLDCG, and BES 

is developed. Test performances of multiple parallel PV inverter-based microgrids are 

validated on the RT-LAB platform using a real-time controller OP4510. The simulation and 

testing results are presented under various challenging conditions, including variations in solar 

insolation, loads, voltage distortion, and mode transition. Notably, the wind and solar power 

systems track the maximum power point. Finally, performance of the microgrid in both off-

grid and grid-interactive modes, with seamless transitions between these modes, is 

demonstrated in detail. 
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सार 

यह शोध कायय एक ग्रिड-संयुक्त, बहुउदे्दशीय एकल-चरणीय सौर-ऊर्ाय एवं बैटरी ऊर्ाय भंडारण प्रणाली 

के ग्रवकास पर आधाररत है, ग्रर्से ग्रवशेष रूप से घरेलू एवं छत पर स्थाग्रपत अनुप्रयोगो ंके ग्रलए ग्रवकग्रसत 

ग्रकया गया है। प्रणाली की ग्रवश्वसनीयता बढाने के उदे्दश्य से बैटरी ऊर्ाय भंडारण को ग्रिष्ट धारा संग्रध ग्रबंिु 

पर एक-ग्रिशीय तथा ग्रि-ग्रिशीय पररवतयको ंके साथ तथा ग्रबना संयोर्न के ग्रवग्रभन्न ग्रवन्यासो ंमें प्रसु्तत ग्रकया 

गया है। इस सूक्ष्मग्रबर्ली तंत्र की ग्रवग्रभन्न काययप्रणाली स्थस्थग्रतयो ंमें संचालन क्षमता का ग्रवसृ्तत अध्ययन 

ग्रकया गया है। 

एक सुगम संक्रमण युस्थक्त तथा िीपीकरण पहचान तकनीक के माध्यम से ग्रिड तथा स्वतंत्र रूप से 

संचाग्रलत मोड के बीच ग्रनबायध पररवतयन सुग्रनग्रित ग्रकया गया है। ग्रिड-संयुक्त मोड में यह प्रणाली ग्रवि्युत 

गुणवत्ता सुधार हेतु हामोग्रनक घटाना, शस्थक्त गुणांक सुधारना तथा प्रत्यावती शस्थक्त क्षग्रतपूग्रतय रै्से कायय 

करती है। स्वतंत्र मोड में प्रणाली का ग्रनयंत्रण उदे्दश्य संयुक्त युग्मन ग्रबंिु पर वोल्टता एवं आवृग्रत्त को स्थस्थर 

बनाए रखना होता है, ग्रर्ससे ग्रवि्युत आपूग्रतय में ग्रकसी भी प्रकार की बाधा आने पर भी आवश्यक स्थानीय 

भारो ंको सतत ऊर्ाय प्राप्त हो सके। 

इस प्रणाली में बैटरी ऊर्ाय भंडारण को सस्थिग्रलत करने का प्रमुख उदे्दश्य है - ग्रवतररत ऊर्ाय स्रोतो ंके 

साथ समन्वय स्थाग्रपत करना, ताग्रक आपूग्रतय की ग्रवश्वसनीयता सुग्रनग्रित हो सके। इसके अग्रतररक्त यह पीक 

लोड प्रबंधन, नवीकरणीय ऊर्ाय गुणवत्ता तथा िूरवती एवं स्वतंत्र ग्रवि्युत तंत्रो ंके प्रबंधन को भी बेहतर 

बनाता है। 

यह शोध कायय एक बहुउदे्दशीय ग्रिड-संयुक्त पवन ऊर्ाय उत्पािन प्रणाली के ग्रवकास को भी सस्थिग्रलत 

करता है। सौर एवं पवन ऊर्ाय स्रोतो ंकी पूरक प्रकृग्रत को ध्यान में रखते हुए एक संयुक्त सूक्ष्मग्रबर्ली तंत्र 

ग्रवकग्रसत ग्रकया गया है, ग्रर्समें स्थायी चुम्बकीय रग्रहत-वलय ग्रिष्ट धारा उत्पािक से चाग्रलत पवन टरबाइन 

एवं सौर ऊर्ाय पटल सस्थिग्रलत हैं। इसमें भी सुगम संक्रमण युस्थक्त तथा िीपीकरण पहचान तकनीक का 

प्रयोग ग्रकया गया है। 

यह अध्ययन बैटरी ऊर्ाय भंडारण सग्रहत तथा ग्रबना, समानांतर सौर ऊर्ाय इन्वटयर आधाररत सूक्ष्मग्रबर्ली 

तंत्र की ग्रवग्रभन्न संरचनाओ ंका ग्रवशे्लषण करता है, र्ो िूरिराज़ के्षत्रो ंमें ग्रवि्युत आपूग्रतय की उपलब्धता 

और ग्रवश्वसनीयता बढाने में सहायक हैं। इन संरचनाओ ंमें ग्रवतररत ऊर्ाय इकाइयााँ, ऊर्ाय भंडारण प्रणाली 

और स्थानीय भार शाग्रमल होते हैं, र्हााँ प्रते्यक इकाई को सौर पटल, आउटपुट संयोर्क और इन्वटयर के 

माध्यम से युग्मन ग्रबंिु पर समानांतर रूप में र्ोडा गया है। एक प्रभावशाली सूक्ष्मग्रबर्ली तंत्र वही होता 

है, र्ो ग्रिड-संयुक्त तथा स्वतंत्र िोनो ंस्थस्थग्रतयो ंमें कुशलता से कायय कर सके। स्वतंत्र संचालन के िौरान 
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यग्रि सौर ऊर्ाय उत्पािन भार की मांग से अग्रधक हो र्ाता है, तो प्रणाली की स्थस्थरता पर प्रभाव पडता है। 

इसे रोकने हेतु अग्रतररक्त सौर पटल को ऊर्ाय भंडारण तथा अन्य स्रोतो ंसे र्ोडा र्ाता है, ग्रर्ससे प्रते्यक 

स्रोत से प्राप्त ऊर्ाय का समुग्रचत उपयोग हो सके। 

समस्त सूक्ष्मग्रबर्ली संरचनाओ ंएवं ग्रनयंत्रण कलन ग्रवग्रधयो ंको सांस्थिकी गणना सॉफ्टवेयर के माध्यम से 

मॉडग्रलत एवं अनुकरण ग्रकया गया है। संतोषर्नक अनुकरण पररणामो ंके पिात एक प्रायोग्रगक प्रग्रतरूप 

तैयार ग्रकया गया है, ग्रर्समें सौर पटल, पवन टरबाइन तथा बैटरी ऊर्ाय भंडारण को सस्थिग्रलत ग्रकया गया 

है। इस प्रणाली का परीक्षण वास्तग्रवक समय ग्रनयंत्रण यंत्र की सहायता से ग्रकया गया है। ग्रवग्रभन्न र्ग्रटल 

पररस्थस्थग्रतयो ंरै्से - सौर ग्रवग्रकरण में पररवतयन, भार में उतार-चढाव, वोल्टता ग्रवकृग्रत एवं संचालन मोड में 

पररवतयन की स्थस्थग्रत में प्राप्त परीक्षण पररणामो ंका प्रसु्ततीकरण ग्रकया गया है। ग्रवशेष रूप से सौर एवं 

पवन िोनो ंप्रणाग्रलयााँ अग्रधकतम ऊर्ाय ग्रबंिु का सफलतापूवयक अनुसरण करती हैं तथा ग्रिड और स्वतंत्र 

संचालन मोड के मध्य ग्रनबायध पररवतयन को प्रभावी रूप से प्रिग्रशयत करती हैं। 
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