DESIGN AND CONTROL OF PV-WIND ENERGY
BASED MICROGRIDS WITH ISLANDING AND
RESYNCHRONIZATION

FARHEEN CHISHTI

DEPARTMENT OF ELECTRICAL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
DECEMBER 2022



© Indian Institute of Technology (11'TD), New Delhi, 2022



DESIGN AND CONTROL OF PV-WIND ENERGY
BASED MICROGRIDS WITH ISLANDING AND
RESYNCHRONIZATION

by

FARHEEN CHISHTI

Department of Electrical Engineering

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI

DECEMBER 2022



CERTIFICATE

It is certified that the thesis entitled “Design and Control of PV-Wind Energy Based Microgrids
with Islanding and Resynchronization,” being submitted by Mrs. Farheen Chishti 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 my
supervision and guidance. The matter embodied in this thesis has not been submitted for award of

any other degree or diploma

Dated:
(Prof. Bhim Singh)
Electrical Engineering Department
Indian Institute of Technology Delhi
Hauz Khas, New Delhi-110016, India



ACKNOWLEDGEMENTS

| wish to express my sincere gratitude and indebtedness to Prof. Bhim Singh for providing me
valuable guidance and constant supervision to carry out the Ph.D. work. It was an unique and
rewarding learning experience to work under him throughout the research period, which has
provided me with a deep insight to the world of technical quality research. The commitment,
discipline, determination, dedication, resourcefulness and above all innovative approach of Prof.
Bhim Singh have been the main inspiration for me to complete this work. His valuable advice,
consistent guidance, continuous monitoring and daily encouragement and commitments to achieve
excellence have motivated me to improve my work and make best use of my capabilities. It was
due to his blessing that | have experienced numerous new traits of technical research that will help
me throughout my life.

| express my deep gratitude and sincere thanks to Prof. Sukumar Mishra, Prof. G.
Bhuvaneswari and Prof. Ashu Verma, SRC members for their valuable guidance and consistent
support throughout my research work.
| wish to convey my sincere thanks to Prof. Bhim Singh, Prof. B. P. Singh, Prof M.L. Kothari
and Prof. Anandarup Das for their valuable inputs during my course work, which made the
strong foundation for my research work. | am grateful to II'T Delhi as an institute for providing me
the requisite research facilities. Thanks are due to Sh. Srichand, Sh. Puran Singh, Mr. Jitendra and
Mr. Anurag of PG Machine lab for providing me facilities and assistance during this work. I am
thankful to all my seniors, Dr. Ikhlaq Hussain, Dr. Geeta Pathak, Dr. Shailendra Kumar, Dr. Rajan
Sonkar, Dr. Aniket Anand, Dr. Sachin Devassy, Dr. Nidhi Mishra, Dr. Nishant Kumar, Dr. Sali

Pranith Girimaji, Dr. Anjanee Mishra, Dr. Piyush Kant, Dr. Saurabh Shukla, Dr. Shadab Murshid,



Dr. Deepu Vijay, Dr. Priyank Shah, Dr. V.L. Srinivas and Dr. Anshul Varshney for their valuable
aid and co-operation and informal support during this period.

I convey my sincere thanks to Dr. Shubhra for motivation, co-operation and informal support
during my research work. | would like to thank and Mrs. Rohini Sharma, Mrs. Pavitra Shukl, Mr.
P. Sambasivaiah and Mr. Munesh Kumar Singh for being supportive. | am thankful to Mr. Vineet
P. Chandran, Dr. Tipurari Nath Gupta, Dr. Radha Kushwaha, Ms. Shatakshi Sharma, Dr. Seema,
Dr. Radha and Ms. VVanadana Jain for their valuable aid and co-operation.

Moreover, | would like to thank, Dr. Sreejith R, Mr. Gurmeet Singh, Dr. Anjeet Verma, Mr.
Debasish Mishra, Dr. Subarni Pradhan, Dr. Tabish Mir, Dr. Utkarsh Sharma, Dr. K. P. Tomar, Dr.
Sunil Kumar Pandey, Ms. Yashi Singh, Ms. Hina Parveen, Ms. Rashmi Rai, Mr. Yalavarthi
Amarnath, Mr. Arayadip Sen, Mr. Kashif, Mr. Gaurav Modi, Mr. Sudip Bhattacharya, Mr. Bilal
Naqgvi, Mr. Jitendra Gupta, Mr. Utsav Sharma, Mr. Sandeep Kumar Sahoo, Ms. Shalvi Tyagi, Mr.
Souvik Das, Mr. Vivek Narayanan, Saran Chaurashiya, Mr. Sharan Shastri, Mr. Shivam Yadav,
Mr. Rahul Kumar, Mr. Deepak Saw, Ms. Kousalya V, Ms. Chandrakala Devi, Ms. Kripa and all
PG Machines lab group for their valuable support. | would like to thank, Ms. Nancy Varshney,
Ms. Kirandeep, Mrs. Aditi and Mrs. Anagdha who supported and inspired me during my stay in
‘Himadri’ house.

I would also like to thank Mr. Yatindra Tripathi, Mr. Satish, Mrs. Sunita Verma, Ms. Moni,
Mr. Sandeep and all other Electrical Engineering office staff for being supportive throughout my
work. | thank all those who have directly or indirectly helped me to complete my dissertation.

The completion of this work was not possible without the blessings of my parents, Mr. M.H.
Chishti and Mrs. Shahida Chishti. Their consistent blessings, appreciation and encouragement has

emotionally guided the entire journey of my research work. I would like to thank my husband Mr.



Momin Khan for giving me the all requisite support and encouragement during my research work.
I would like to thank my sisters, Ms. Samreen Chishti, Ms. Faraj Chishti and my brothers, Mohd.
Amaan Chishti and Mohd. Farmaan Chishti for giving me the inner strength and wholehearted
support. Their trust in my capabilities had been a key factor to all my achievements. | would like
to thank my father-in-law, Mr. Aftab Ahmad and my sister-in-law Kakul Khan for their support
and blessings.

I am indebted to almighty for their blessings to elevate my academic level and granting me the

wisdom, health and strength to undertake this research task and enabling me to its completion.

Dated:

Farheen Chishti



ABSTRACT

This thesis presents the design and control of solar photovoltaic array and wind energy
generation based microgrids with seamless transfer of operating modes for the electrification of
rural communities as the prime motive. The combination of solar energy and wind energy
generation increases the power reliability and provides energy surety as both the resources
complement each other and cut down the reserve or storage requirements. The challenge is
imposed as the renewable resources are dominated by their intermittency and geographic location
availability. The variability of the energy supply is overcome by the use of energy storage systems,
like battery energy storage (BES) or utility interconnection of the microgrid. The rural
electrification is carried out either by grid interconnection or by incorporating the storage battery
with the renewables to fulfill the community load demand. The first option is not viable for rural
areas as site affordability acts as the key barrier. Secondly, the battery energy storage (BES) is
worthwhile when specific conditions are fulfilled, which in return makes the value proposition of
storage greater than the cost of installing it. BES is an expensive option but it meets all the aspects
of integration challenges such as the uncertainty during demand rise and power sufficiency.

Here, in this work, BES control is deployed either connected directly at the DC link or through
a bidirectional DC-DC converter. It controls the discharging and charging of the battery. The wind
conversion systems also suffer from harmonics injection, degradation of minimum fault current
and sudden voltage disruptions due to wind speed intermittency. These encountered challenges are
resolved by utilizing full rated voltage source converters (VSCs) as an interface between the
machine and the utility grid. Two back to-back connected VSCs, i.e., AC/DC converter, named as
machine side VSC (MSC), a DC link, and a DC/AC inverter named as load side VSC (LSC) are

implemented for variable speed operation of the system. The MSC regulates the synchronous

\



generator (SG) output power. It adjusts the current and torque of the SG. The LSC upholds the DC
link voltage and synchronizes the AC generated power by the wind turbine driven SG with the
power of the utility grid. The encoder-less field oriented control (FOC) with speed and position
estimation is utilized for the SG. Depending upon the requirement, the solar PV array is configured
as single stage or two stage configurations utilizing a boost converter. This work focuses upon the
development and implementation of the advance control techniques for the successful operation
of the microgrids during grid-connected mode or standalone operating mode. Even under adverse
grid conditions, these improved approaches assess the amplitude, frequency, and phase of grid
phase voltages quickly and accurately. All of the microgrid configurations have efficient control
algorithms for the load side converter, which improve power quality at the PCC while maintaining
unity power factor, provides harmonics elimination, grid currents balancing, reactive power
compensation, neutral current compensation and power factor correction. The continuity of supply
to the local consumer loads is ensured. The solar PV array and wind energy feed-forward terms
express the power sharing mechanism to the utility and provides fast tracking under dynamic
condition. The maximum power point extraction schemes for wind generation and solar PV array
track the optimal power even under adverse solar insolation and wind speed conditions. The core
objective is also to provide continuous supply to the critical loads even under grid outage scenarios.
However, renewable generation loss and battery with low state of charge are also the conditions
that need to be addressed for the continuity of supply during standalone operating mode. To
overcome this shortcoming, the diesel generator set is brought into action for a short period of time
and operated under maximum fuel efficiency zone to cater to the emergency load demand. All
microgrid configurations are categorized in accordance to single phase, three phase three wire and

three phase four wire distribution networks. The consumer requirement decides the type of the

VI



microgrid to be selected for specific applications. For investigating the performance, these
microgrids are modelled and simulated using the MATLAB®/ Simulink platform, and
experimental validations are carried out using developed laboratory prototypes. This study is
intended to contribute significantly to existing knowledge on the design, development, and control

of PV-wind energy based microgrids with islanding and resynchronization capabilities.
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Microgrid behavior under mode transition, load change and wind speed change.
(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid performance during grid connected operating mode (a-b) generator
current and load current w.r.t wind speed (c) load variations (d-f) wind speed
change.

(a-c) load current, power and harmonic analysis, (d-g) grid voltage, current,
power, harmonic analysis of grid current and grid voltage.

Microgrid response during mode transition

Islanded microgrid performance (a-c) under load change, (d) wind speed change.
Battery response (Vbat, Ibat, Pb) (a-b) when generation from SG meets load demand
and feeds the battery; (c-d) generation from wind is nil and load is satisfied by the
battery (e-f) Vbat, Inat, Po at load removal and generation from SG charges the
battery.

Grid synchronization and islanded operating modes.

Behaviour of microgrid under mode transition, load variation and wind speed
change.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during grid connected operating mode (a-d) wind speed
change (e-f) load variations.

(a-d) load current, power and harmonic analysis, (e-h) grid voltage, current,
power, harmonic analysis of grid current and grid voltage.

Seamless transition behavior of the microgrid.

Dynamic performance of WEGU at wind speed change (a) response of SG current,
load current and battery current; (b) power variation of SG, battery and load under
varying wind speeds; (c) power variation of SG, battery and load when the wind
speed is varied from below cut-in to cut-out speed; (d) response of the battery
power, battery current and DC link voltage.

Dynamic performance of the WEGU under load disconnection and insertion.
Performance of the battery (a) battery voltage and current when SG is feeding load
and battery; (b) battery power when SG is feeding load and battery; (c) battery
voltage and current when SG is off and battery feeds the load; (d) battery power
when SG is off and battery feeds the load; (e) battery voltage and current when
load is disconnected and SG feeds the battery; (f) battery power when load is
disconnected and SG feeds the battery.

Grid synchronization and islanded operating modes.
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Fig. 4.60
Fig. 4.61
Fig. 4.62
Fig. 4.63
Fig. 4.64

Fig. 4.65
Fig. 4.66

Fig. 4.67
Fig. 4.68
Fig. 4.69

Fig. 4.70
Fig. 4.71

Fig.4.72
Fig. 4.73
Fig. 4.74
Fig. 5.1
Fig. 5.2
Fig. 5.3
Fig. 5.4
Fig. 5.5

Fig. 5.6

Microgrid performance under load variation, wind speed change, microgrid
isolation and reconnection to the grid.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Grid connected operating mode of microgrid and its response under (a-b) load
variations (c) wind speed variation.

(a-d) grid current, power and harmonic analysis of grid current and voltage, (e-h)
load voltage, current, power, harmonic analysis of load current and load voltage
Seamless mode transition behavior of the microgrid.

Isolated microgrid response under (a-b) wind speed variations i.e. rise and fall.
Battery performance (a-b) Only battery feeds load, (c-d) wind generation feeds
load and battery, (e-f) under load disconnection, wind generation feeds battery for
storage.

Grid synchronization and islanded operating modes.

Microgrid response under load perturbation and wind speeds variations during
mode transition.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

(a-c) Grid connected microgrid and its response during load change.

(a-d) grid current, power and harmonic analysis of grid current and voltage, (e-h)
load voltage, current, power, harmonic analysis of load current and load voltage.
(a-b) Behavior of microgrid under mode transition i.e. grid connected to islanded
mode of operation.

Islanded operating mode and its behavior under (a-c) wind speed change.
Battery performance (a-b) Only battery feeds load, (c-d) wind generation feeds
load and battery, (e-f) under load disconnection, wind generation {at 8.4m/s}
feeds battery for storage.

Structure of single stage solar PV array and wind energy generation based single
phase grid interactive microgrid.

Structure of double stage solar PV array and wind energy generation based single
phase grid interactive microgrid.

Structure of single stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid.

Structure of double stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid.

Structure of single stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid.

Structure of double stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid.
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521

5.22

5.23
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Control architecture of the single stage solar PV array and wind energy generation
based single phase grid interactive microgrid for islanding and resynchronization.
Flow diagram of INC-MPPT algorithm.

Control structure of machine side converter.

Control architecture of double stage solar PV array and wind energy generation
based single phase grid interactive microgrid for islanding and resynchronization.
Solar P&O MPPT technique.

Control architecture of the single stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid for islanding and
resynchronization.

Control structure of machine side converter

Control architecture of the double stage solar PV array and wind energy
generation based three phase three wire grid interactive microgrid for islanding
and resynchronization.

Flow diagram of INC-MPPT algorithm

Control architecture of the single stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid for islanding and
resynchronization.

Control Logic of MSC.

Control architecture of the double stage solar PV array and wind energy
generation based three phase four wire grid interactive microgrid for islanding and
resynchronization.

Matlab model of the single stage solar PV array and wind energy generation based
single phase grid interactive microgrid with islanding and resynchronization
capabilities.

Matlab model of the double stage solar PV array and wind energy generation
based single phase grid interactive microgrid with islanding and
resynchronization capabilities.

Matlab model of the single stage solar PV array and wind energy generation based
three phase three wire grid interactive microgrid with islanding and
resynchronization capabilities.

Matlab model of the double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with islanding and
resynchronization capabilities.

Matlab model of the single stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with islanding and
resynchronization capabilities.

Matlab model of the double stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with islanding and
resynchronization capabilities.
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Hardware developed prototype of the battery supported microgrid

Grid synchronization and islanded operating modes.

Microgrid performance under load disconnection.

Microgrid performance under solar insolation change.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vv).

Microgrid response during (a) solar insolation change; (c) wind speed change; (d-
e) load disconnection.

Load profile indices (a-b) load voltage/current waveform and load power; (c-d)
harmonic spectrum of load voltage and current.

Grid indices when wind and solar PV array are generating at rated values (a-b)
grid voltage/current waveform and grid power; (c-d) harmonic spectrum of grid
voltage and current.

Grid indices when wind and solar PV array are generating at half power (a-b) grid
voltage/current waveform and grid power; (c-d) harmonic spectrum of grid
voltage and current.

MPPT response of the solar PV array: (a) at 12000 W/m? (b) at 500 W/m?.
Microgrid response during seamless mode transition.

Islanded microgrid performance.

Grid synchronization and islanded operating modes.

Microgrid performance under (a) solar insolation change; (b) load disconnection.
(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vvo).

Microgrid response during (a) solar insolation change; (c) wind speed change; (d-
e) load disconnection.

Load profile indices (a-b) load voltage/current waveform and load power; (c-d)
harmonic spectrum of load voltage and current

Grid profile indices when wind and solar PV array are at rated generation (a-b)
voltage/current waveform and grid power; (c-d) harmonic spectrum of grid
voltage and current.

Grid profile indices when wind and solar PV array are at half generation (a-b)
voltage/current waveform and grid power; (c-d) harmonic spectrum of grid
voltage and current.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Microgrid response during mode transition

Microgrid response during islanded mode of operation.

Grid synchronization and islanded operating modes.

Microgrid performance during wind speed change and solar insolation change.
(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.
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Microgrid response during grid connected operating mode (a-c) load
disconnection; (d) wind speed variation; (e) solar insolation change.
Performance of microgrid when feeding load with wind and solar at their rated
conditions: (a) grid voltage and current; (b) grid power (Pgrig), (c) load voltage and
current, (d) load power (PLoad), (€) LSC voltage and current, (f) LSC power.
Behaviour microgrid, when wind driven SG is generating its power at 7.2 m/s
wind speed and the system feeds load with solar generating maximum power: (a)
Vga and iga, (b) Pgrid, (C) Via and iLa, (d) PLoad, (€) LSC voltage and current, (f) LSC
power.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Microgrid response during transition of operating modes.

Microgrid response during islanded operating mode.

Grid synchronization and islanded operating modes.

Microgrid performance during solar insolation change and wind speed variation.
(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during grid connected mode (a-b) wind speed change; (c-d)
solar insolation change; (e-f) load change.

Load indices (a-b) load voltage/current waveform and Load power; (c-d)
harmonic spectrum of load voltage and current.

Grid parameters when (a-d) rated generation from solar and wind; (e-h) when
wind and solar units generate half power.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?,
Microgrid response during mode transition.

Microgrid response during islanded operating mode.

Grid synchronization and islanded operating modes.

Microgrid performance under (a) load variation due to off-MPPT tracking, (b)
wind speed change.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid parameters during grid connected mode (a) wind and solar PV array
feeding grid (b-e) load change and its effect on microgrid parameters.

Load profile indices (a-b) load voltage/current waveform and load power; (c-d)
harmonic spectrum of load voltage and current.

Grid parameters when (a-d) rated generation from solar and wind; (e-h) when
wind and solar units generate half power.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Microgrid response during transition of operating mode.

Microgrid power variations during islanded operating mode.

Grid synchronization and islanded operating modes.
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Microgrid response under (a) grid isolation (b) wind speed change

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during grid connected mode for (a) wind and solar PV array
feeding grid and load (b-e) load change.

Load profile indices (a-b) load voltage/current waveform and load power; (c-d)
harmonic spectrum of load voltage and current.

Grid parameters when (a-d) rated generation from solar and wind; (e-h) when
wind and solar units generate half power.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Microgrid response during seamless mode transition.

Islanded microgrid performance and power variations.

Structure of single stage solar PV array and wind energy generation based single
phase grid interactive microgrid with BDC controlled battery for islanding and
resynchronization.

Structure of double stage solar PV array and wind energy generation based single
phase grid interactive microgrid with battery for islanding and resynchronization.
Structure of double stage solar PV array and wind energy generation based single
phase grid interactive microgrid with BDC controlled battery for islanding and
resynchronization

Structure of single stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with BDC controlled battery for
islanding and resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with battery for islanding and
resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with BDC controlled battery for
islanding and resynchronization.

Structure of single stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with BDC controlled battery for
islanding and resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with battery for islanding and
resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with BDC controlled battery for
islanding and resynchronization.
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Control architecture of the single stage solar PV array and wind energy generation
based single phase grid interactive microgrid with BDC controlled battery for
islanding and resynchronization

Flow diagram of INC-MPPT algorithm.

MSC control.

Control architecture of the double stage solar PV array and wind energy
generation based single phase grid interactive microgrid with battery for islanding
and resynchronization.

Solar P&O MPPT technique.

Control architecture of the double stage solar PV array and wind energy
generation based single phase grid interactive microgrid with BDC controlled
battery for islanding and resynchronization.

Control architecture of the single stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with BDC controlled
battery for islanding and resynchronization.

Control structure of machine side converter.

Control architecture of double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with battery for islanding
and resynchronization

Control architecture of double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with BDC controlled
battery for islanding and resynchronization

Control architecture of single stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with BDC controlled
battery for islanding and resynchronization

MSC control Structure.

Control structure of double stage solar PV array and wind energy generation based
three phase four wire grid interactive microgrid with battery for islanding and
resynchronization.

Flow diagram of INC-MPPT algorithm.

Control structure of double stage solar PV array and wind energy generation based
three phase four wire grid interactive microgrid with BDC controlled battery for
islanding and resynchronization

Matlab model of the single stage solar PV array and wind energy generation based
single phase grid interactive microgrid with BDC controlled battery.

Matlab model of the double stage solar PV array and wind energy generation
based single phase grid interactive microgrid with battery.

Matlab model of the double stage solar PV array and wind energy generation
based single phase grid interactive microgrid with BDC controlled battery.
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Matlab model of the single stage solar PV array and wind energy generation based
three phase three wire grid interactive microgrid with BDC controlled battery.
Matlab model of the double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with battery.

Matlab model of the double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with BDC controlled
battery.

Matlab model of the single stage solar PV array and wind energy generation based
three phase four wire grid interactive microgrid with BDC controlled battery.
Matlab model of the double stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with battery.

Matlab model of the double stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with BDC controlled
battery.

Hardware developed prototype of the battery supported microgrid.

Grid synchronization and islanded operating modes.

Microgrid performance under (a) wind speed change (b) solar insolation change.
(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (iL) (e-f) Harmonic spectrum of load voltage (vi).

Grid connected microgrid response.

Grid indices when grid is feeding load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
) load profile indices

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?
Microgrid response during seamless mode transition.

Islanded microgrid performance.

BES indices (a-b) when renewable generation is off; (c-d) PV generation is off;
(e-f) wind generation is off; (g-h) load is off and rated generation from renewables
is attained; (i-J) when renewable generation feeds battery and load.

Grid synchronization and islanded operating modes.

Microgrid performance under (a) wind speed change; (b) solar insolation change.
(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vi).

Microgrid response during grid connected operating mode.

Grid indices when grid is feeding load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
1) load profile indices.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
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Microgrid response during operating mode transition.

Microgrid operation during islanded operating mode.

Battery profile parameters (a-b) at rated generation, (c-d) load disconnected, (e-f)
wind generation is off, (g-h) solar generation is off, (i-j) only battery feeds the
load as generation of solar and wind is zero.

Grid synchronization and islanded operating modes.

Microgrid performance under (a)wind speed change; (b) solar insolation change.
(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of vi.

Grid connected microgrid and its response during wind speed change, solar
insolation change and load perturbation.

Grid indices when grid is feeding load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
) load profile indices.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Microgrid operation during mode transition.

Islanded microgrid operation and response.

Battery profile parameters (a-b) at rated generation of wind, (c-d) generation from
wind at 7.2m/s, (e-f) wind generation is off, (g-h) load is off, (i-j) load is reduced.
Grid synchronization and islanded operating modes.

Microgrid performance during wind speed change and solar insolation change.
(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Grid connected microgrid response under wind speed change, solar insolation
change and load perturbation.

Grid indices when the excess generation from wind and solar PV array is fed into
the grid (a-b) grid voltage/current waveform and grid power; (c-d) harmonic
spectrum of grid voltage and current; (e-h) load profile indices.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Microgrid response during mode transition.

Microgrid response during islanded operating mode.

(a-b) battery parameters when wind and solar power are at rated values; (c-d)
when wind power is zero and solar PV array is at rated value.

(a-c) Grid synchronization and islanded operating modes.

Microgrid performance during (a) wind speed change (b) solar insolation
change.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Grid connected response of the microgrid.
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Grid indices when the excess generation from wind and solar PV array is fed into
the grid (a-b) grid voltage/current waveform and grid power; (c-d) harmonic
spectrum of grid voltage and current; (e-h) load profile indices

MPPT response of the solar PV array: (a) at 2000 W/m? (b) at 500 W/m?.
Microgrid response during mode transition.

Microgrid response during islanded operating mode.

Vbat, Ibat, Poat (a-b) renewable generation is fed to the battery as load is off, (c-d)
renewable generation feeds load and rest is fed to the battery, (e-f) Solar
generation is off and wind generation feeds load and battery, (g-h) generation of
wind is off, PV array feeds load and battery, (i-j) renewable generation is off,
battery fulfills the load demand

Grid synchronization and islanded operating modes.

Microgrid performance during (a) wind speed variation (b) solar insolation
change.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Grid connected operating mode response of the microgrid.

Grid indices when the excess generation from wind and solar PV array is fed into
the grid (a-b) grid voltage/current waveform and grid power; (c-d) harmonic
spectrum of grid voltage and current; (e-h) load profile indices.

MPPT response of the solar PV array: (a) at 12000 W/m? (b) at 500 W/m?.
Microgrid response during mode transition.

Microgrid response during islanded operating mode.

Battery parameters during islanded operation of the microgrid.

Grid synchronization and islanded operating modes.

Microgrid performance during (a) wind speed variation (b) solar insolation
change.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during grid connected operating mode.

Grid indices when grid feeds the load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
1) load profile indices.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Seamless transition of the operating modes.

Islanded operating mode response of the microgrid.

(a-b) Battery feeding load; (c-d) Solar and wind feeding load and battery at half
power.

Grid synchronization and islanded operating modes.
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Microgrid performance during (a) wind speed variation (b) solar insolation
change.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during grid connected operating mode.

Grid indices when grid feeds the load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
) load profile indices.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Seamless transfer of the operating mode.

Microgrid islanded operating mode response.

Battery performance during grid isolated mode (a-b) Only battery feeds load (c-
d) WEGU feeds load and battery (e-f) Wind and solar generation feed load and
battery (g-h) only solar generation feed load and battery (i-j) load disconnected,
wind and solar generation is fed to the battery.

Grid synchronization and islanded operating modes.

Microgrid performance during (a) wind speed variation (b) solar insolation
change.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Grid connected response of the microgrid.

Grid indices when grid feeds the load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
) load profile indices.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.
Microgrid response during seamless transition of operating modes.

Islanded operating mode response of the microgrid.

Battery response during islanded operating mode (a-b) when only battery feeds
the load; (c-d) Load is disconnected (wind and solar at half power feeding battery).
Structure of wind energy generation based single phase grid interactive microgrid
with diesel generator for islanding and resynchronization.

Structure of battery supported wind energy generation based single phase grid
interactive microgrid with diesel generator for islanding and resynchronization
Structure of BDC controlled battery supported wind energy generation based
single phase grid interactive microgrid with diesel generator for islanding and
resynchronization

Structure of wind energy generation based three phase three wire grid interactive
microgrid with diesel generator for islanding and resynchronization.
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Fig.
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Fig.

Fig.

Fig.

7.5

7.6

1.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

7.17

Structure of battery supported wind energy generation based three phase three
wire grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of BDC controlled battery supported wind energy generation based three
phase three wire grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of wind energy generation based three phase four wire grid interactive
microgrid with diesel generator for islanding and resynchronization.

Structure of battery supported wind energy generation based three phase four wire
grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of BDC controlled battery supported wind energy generation based three
phase four wire grid interactive microgrid with diesel generator for islanding and
resynchronization.

(@) Control architecture of the wind energy generation based single phase grid
interactive microgrid with diesel generator for islanding and resynchronization;
(b) DO-PLL control for synchronization phase angle detection

(a) Control architecture of the battery supported wind energy generation based
single phase grid interactive microgrid with diesel generator for islanding and
resynchronization; (b) MSC control.

Control architecture of the BDC controlled battery supported wind energy
generation based single phase grid interactive microgrid with diesel generator for
islanding and resynchronization.

(@) Control architecture of the wind energy generation based three phase three
wire grid interactive microgrid with diesel generator for islanding and
resynchronization; (b) MBAF-PLL structure.

Control architecture of battery supported wind energy generation based three
phase three wire grid interactive microgrid with diesel generator for islanding and
resynchronization.

Control architecture of BDC controlled battery supported wind energy generation
based three phase three wire grid interactive microgrid with diesel generator for
islanding and resynchronization.

(a) Control architecture of wind energy generation based three phase four wire
grid interactive microgrid with diesel generator for islanding and
resynchronization, (b) DMGI-PLL control for synchronization; (c) MSC control.
Control structure of double stage solar PV array and wind energy generation based
three phase four wire grid interactive microgrid with battery for islanding and
resynchronization.
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7.18

7.19

7.20

7.21

1.22

7.23

7.24

7.25

7.26

7.27

7.28

7.29
7.30

7.31
7.32

7.33
7.34
7.35
7.36

7.37
7.38

7.39

Control structure of BDC controlled battery supported wind energy generation
based three phase four wire grid interactive microgrid with diesel generator for
islanding and resynchronization.

MATLAB model of the wind energy generation based single phase grid
interactive microgrid with diesel generator.

MATLAB model of the battery supported wind energy generation based single
phase grid interactive microgrid with diesel generator.

MATLAB model of the BDC controlled battery supported wind energy generation
based single phase grid interactive microgrid with diesel generator.

Matlab model of the wind energy generation based three phase three wire grid
interactive microgrid with diesel generator.

Matlab model of the battery supported wind energy generation based three phase
three wire grid interactive microgrid with diesel generator.

Matlab model of the BDC controlled battery supported wind energy generation
based three phase three wire grid interactive microgrid with diesel generator.
Matlab model of the wind energy generation based three phase four wire grid
interactive microgrid with diesel generator.

Matlab model of the battery supported wind energy generation based three phase
four wire grid interactive microgrid with diesel generator.

Matlab model of the BDC controlled battery supported wind energy generation
based three phase four wire grid interactive microgrid with diesel generator.
Hardware developed prototype of the wind energy generation based grid
interactive microgrids with diesel generator.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (iL) (e-f) Harmonic spectrum of load voltage (vi).

DG connected microgrid response.

Grid indices when grid/DG is feeding load (a-b) grid voltage/current waveform
and grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) load
profile indices.

Microgrid response during seamless mode transition.

Islanded microgrid performance.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vi).

Microgrid response during DG connected operating mode.

Grid indices when grid/DG is feeding load (a-b) grid voltage/current waveform
and grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) load
profile indices.

Microgrid response during operating mode transition.
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7.46
1.47
7.48

7.49

7.50

7.51

7.52

7.53
7.54
7.55
7.56

7.57
7.58

7.59

7.60

7.61

7.62

7.63

7.64

Microgrid operation during islanded operating mode.

Battery profile parameters (a-b) When battery feeds load, (c-d) when wind
generation feeds load and battery.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vv).

DG connected microgrid response.

Grid indices when grid/DG is feeding load (a-b) grid voltage/current waveform
and grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) load
profile indices.

Microgrid response during mode transition

Microgrid response during islanded operating mode.

Battery profile parameters (a-b) When battery feeds load, (c-d) when wind
generation is half of rated generation and feeds load and battery, (e-f) when wind
generation is at rated generation and feeds load and battery.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of load voltage (Via).

DG connected response of the microgrid.

Grid indices when grid/DG is feeding load (a-b) grid voltage/current waveform
and grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) load
profile indices.

Microgrid response during mode transition.

Microgrid response during islanded operating mode.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of load voltage (via).

Grid/DG connected operating mode response of the microgrid.

Grid indices (a-b) grid voltage/current waveform and grid power; (c-d) harmonic
spectrum of grid voltage and current; (e-h) load profile indices.

Microgrid response during mode transition.

Microgrid response during islanded operating mode.

Battery profile parameters (a-b) When battery feeds load, (c-d) when wind
generation is half of rated generation and feeds load and battery, (e-f) when wind
generation is at rated generation and feeds load and battery.

(a-b) Grid synchronization and islanded operating modes, (c-d) DG
synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during DG connected operating mode
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Grid indices (a-b) grid voltage/current waveform and grid power; (c-d) harmonic
spectrum of grid voltage and current; (e-h) load profile indices.

Microgrid response during mode transition.

Islanded operating mode response of the microgrid

Battery profile parameters (a-b) When battery feeds load, (c-d) when wind
generation is half of rated generation and feeds load and battery, (e-f) when wind
generation is at rated generation and feeds load and battery.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during grid/DG connected operating mode.

Grid indices when grid feeds the load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind is fed into the grid; (i-1) load profile indices,
(m) grid neutral current.

Seamless transition of the operating modes.

Islanded operating mode response of the microgrid.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during DG connected operating mode.

Grid indices when grid feeds the load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind is fed into the grid; (i-1) load profile indices,
(m) grid neutral current.

Seamless transfer of the operating mode.

Microgrid islanded operating mode response.

Battery profile parameters (a-b) When battery feeds load, (c-d) when wind
generation is half of rated generation and feeds load and battery, (e-f) when wind
generation is at rated generation and feeds load and battery.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Grid/DG connected response of the microgrid.

Grid indices when grid feeds the load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind is fed into the grid; (i-1) load profile indices,
(m) grid neutral current.

Microgrid response during seamless transition of operating modes.

Islanded operating mode response of the microgrid.
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Fig. 7.88

Fig. 8.1

Fig. 8.2

Fig. 8.3

Fig.8.4

Fig. 8.5

Fig. 8.7

Fig. 8.8

Fig. 8.10

Fig. 8.11

Fig. 8.12

Battery profile parameters (a-b) when battery feeds load, (c-d) when wind
generation is half of rated generation and feeds load and battery, (e-f) when wind
generation is at rated generation and feeds load and battery.

Structure of single stage solar PV array and wind energy generation based single
phase grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of double stage solar PV array and wind energy generation based single
phase grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of single stage solar PV array and wind energy generation based single
phase grid interactive microgrid with BDC controlled battery and diesel generator
for islanding and resynchronization.

Structure of double stage solar PV array and wind energy generation based single
phase grid interactive microgrid with battery and diesel generator for islanding
and resynchronization.

Structure of double stage solar PV array and wind energy generation based single
phase grid interactive microgrid with BDC controlled battery and diesel generator
for islanding and resynchronization.

Structure of single stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of single stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with BDC controlled battery and diesel
generator for islanding and resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with battery and diesel generator for
islanding and resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase three wire grid interactive microgrid with BDC controlled battery and diesel
generator for islanding and resynchronization.

Structure of single stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with diesel generator for islanding and
resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with diesel generator for islanding and
resynchronization.
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8.19
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8.23

8.24

8.25

Structure of single stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with BDC controlled battery and diesel
generator for islanding and resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with battery and diesel generator for
islanding and resynchronization.

Structure of double stage solar PV array and wind energy generation based three
phase four wire grid interactive microgrid with BDC controlled battery and diesel
generator for islanding and resynchronization.

Control architecture of the single stage solar PV array and wind energy generation
based single phase grid interactive microgrid with diesel generator for islanding
and resynchronization for islanding and resynchronization.

(@) Control architecture of the double stage solar PV array and wind energy
generation based single phase grid interactive microgrid with diesel generator for
islanding and resynchronization;(b) solar P&O MPPT technique.

Control architecture of the single stage solar PV array and wind energy generation
based single phase grid interactive microgrid with BDC controlled battery and
diesel generator for islanding and resynchronization.

(@) Control architecture of the double stage solar PV array and wind energy
generation based single phase grid interactive microgrid with battery and diesel
generator for islanding and resynchronization; (b) Control structure of machine
side converter.

Control architecture of the double stage solar PV array and wind energy
generation based single phase grid interactive microgrid with BDC controlled
battery and diesel generator for islanding and resynchronization.

Control architecture of the single stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with diesel generator for
islanding and resynchronization.

Control architecture of the double stage solar PV array and wind energy
generation based three phase three wire grid interactive microgrid with diesel
generator for islanding and resynchronization.

Control architecture of the single stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with BDC controlled
battery and diesel generator for islanding and resynchronization.

Control architecture of the double stage solar PV array and wind energy
generation based three phase three wire grid interactive microgrid with battery
and diesel generator for islanding and resynchronization.

Control architecture of the double stage solar PV array and wind energy
generation based three phase three wire grid interactive microgrid with BDC
controlled battery and diesel generator for islanding and resynchronization.
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8.27

8.28

8.29
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8.31

8.32

8.33

8.34

8.35

8.36

8.37

8.38

Control architecture of the single stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with diesel generator for
islanding and resynchronization.

Control architecture of the double stage solar PV array and wind energy
generation based three phase four wire grid interactive microgrid with diesel
generator for islanding and resynchronization.

Control architecture of the single stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with BDC controlled
battery and diesel generator for islanding and resynchronization.

Control architecture of the double stage solar PV array and wind energy
generation based three phase four wire grid interactive microgrid with battery and
diesel generator for islanding and resynchronization.

Control architecture of the double stage solar PV array and wind energy
generation based three phase four wire grid interactive microgrid with BDC
controlled battery and diesel generator for islanding and resynchronization.
MATLAB model of the single stage solar PV array and wind energy generation
based single phase grid interactive microgrid with diesel generator for islanding
and resynchronization.

MATLAB model of the double stage solar PV array and wind energy generation
based single phase grid interactive microgrid with diesel generator for islanding
and resynchronization.

MATLAB model of the single stage solar PV array and wind energy generation
based single phase grid interactive microgrid with BDC controlled battery and
diesel generator for islanding and resynchronization.

MATLAB model of the double stage solar PV array and wind energy generation
based single phase grid interactive microgrid with battery and diesel generator for
islanding and resynchronization.

MATLAB model of the double stage solar PV array and wind energy generation
based single phase grid interactive microgrid with BDC controlled battery and
diesel generator for islanding and resynchronization.

MATLAB model of the single stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with diesel generator for
islanding and resynchronization.

MATLAB model of the double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with diesel generator for
islanding and resynchronization.

MATLAB model of the single stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with BDC controlled
battery and diesel generator for islanding and resynchronization.
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MATLAB model of the double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with battery and diesel
generator for islanding and resynchronization.

MATLAB model of the double stage solar PV array and wind energy generation
based three phase three wire grid interactive microgrid with BDC controlled
battery and diesel generator.

MATLAB model of the single stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with diesel generator.
MATLAB model of the double stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with diesel generator.
MATLAB model of the single stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with BDC controlled
battery and diesel generator.

MATLAB model of the double stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with battery and diesel
generator.

MATLAB model of the double stage solar PV array and wind energy generation
based three phase four wire grid interactive microgrid with BDC controlled
battery and diesel generator for islanding and resynchronization.

Hardware developed prototype of the hybrid solar PV and wind energy generation
based grid interactive microgrids with diesel generator.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vL).

DG connected microgrid response.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.

Grid indices when grid/DG is feeding load (a-b) grid voltage/current waveform
and grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid
indices when renewable generation feeds the load and extra is given to the grid;
(i-1) load profile indices.

Microgrid response during seamless mode transition.

Islanded microgrid performance.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vi).

Microgrid response during DG connected operating mode.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.

Grid indices when grid is feeding load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
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when the excess generation from wind and solar PV array is fed into the grid; (i-
1) load profile indices.

Microgrid response during operating mode transition.

Microgrid operation during islanded operating mode.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vvp).

DG connected microgrid response.

MPPT response of the solar PV array: (a) at 1000 W/m2 (b) at 500 W/m2

Grid indices when grid is feeding load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
1) load profile indices.

Microgrid response during mode transition

Microgrid response during islanded operating mode.

BES indices (a-b) when renewable generation is off and BES; (c-d) when
renewable generation feeds battery and load.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vvo).

DG connected microgrid response.

MPPT response of the solar PV array: (a) at 1000 W/m2 (b) at 500 W/m2.

Grid indices when grid is feeding load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
1) load profile indices.

Microgrid response during mode transition.

Islanded microgrid performance.

BES indices (a-b) when renewable generation is off; (c-d) when renewable
generation feeds battery and load.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (ig) (c-d) Harmonic spectrum of Load
current (i) (e-f) Harmonic spectrum of load voltage (vL).

DG connected microgrid response.

MPPT response of the solar PV array: (a) at 1000 W/m2 (b) at 500 W/m2.

Grid indices when grid is feeding load (a-b) grid voltage/current waveform and
grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) grid indices
when the excess generation from wind and solar PV array is fed into the grid; (i-
1) load profile indices.

Microgrid response during mode transition.
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Islanded microgrid performance.

BES indices (a-b) when renewable generation is off; (c-d) when renewable
generation feeds battery and load

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of load voltage (Via).

DG connected response of the microgrid.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.

Grid indices when grid/DG is feeding load (a-b) grid voltage/current waveform
and grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) load
profile indices.

Microgrid response during mode transition.

Microgrid response during islanded operating mode.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (ira) (e-f) Harmonic spectrum of load voltage (Via).

DG connected response of the microgrid.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.

Grid indices when grid/DG is feeding load (a-b) grid voltage/current waveform
and grid power; (c-d) harmonic spectrum of grid voltage and current; (e-h) load
profile indices.

Microgrid response during mode transition.

Microgrid response during islanded operating mode.

Grid/DG synchronization and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (ira) (e-f) Harmonic spectrum of load voltage (via).

Grid/DG connected operating mode response of the microgrid.

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?.

Grid indices (a-b) grid voltage/current waveform and grid power; (c-d) harmonic
spectrum of grid voltage and current; (e-h) load profile indices.

Microgrid response during mode transition.

Microgrid response during islanded operating mode.

BES indices (a-b) when renewable generation is off and BES; (c-d) when
renewable generation feeds battery and load.

(a) Grid synchronization and islanded operating modes, (b) DG synchronization
and islanded operating modes.

(a-b) Harmonic spectrum of utility current (iga) (c-d) Harmonic spectrum of Load
current (iLa) (e-f) Harmonic spectrum of via.

Microgrid response during DG connected operating mode

MPPT response of the solar PV array: (a) at 1000 W/m? (b) at 500 W/m?,
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