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Welcome to the course on Power Quality. Today we will be discussing Power Quality 

Improvement in Distributed Generation Sources Based Microgrid. 
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The outline of presentation is: 

 Introduction to microgrid 

 Power quality improvement in grid integrated solar PV based microgrid 

 Power quality improvement in grid integrated wind solar PV  and battery based 

microgrid 

 Power quality improvement in grid connected small hydro solar PV and battery 

based microgrid  



 Power quality improvement in grid connected wind solar battery and DG set 

based microgrid 

 Power quality improvement in microgrid for electric vehicle charging station 
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This is typically the concept of microgrid. Microgrids are electrically distributed system 

containing loads, distributed energy sources; such as distributed generator storage device 

and controllable load, that can be operated in a control coordinated way either while 

connecting to the main power network or while islanded. 
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And how does microgrid work? The traditional grid connect homes business and other 

buildings to central power sources and when part of the grid needs to be repaired 

everyone is affected.  

And microgrid generally operate while connected to the grid, but importantly it can 

break off and operate on its own using the local energy generation in times of crisis like a 

storm or power outage or for other reasons. And microgrid may be fueled by distributed 

generators, batteries and renewable energy sources. 
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And benefits from the microgrid for the utility are: better power control and reliability, 

reduced energy losses, dynamic demand response, realistic pricing model and increased 

demand response capability. And for customer it provides choices for differentiated 

services and reduce prices and improved reliability. And for society it is an integration of 

green energy sources like solar, wind, biomass, geothermal. 
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There are 63 solar microgrids installed in India. India now has the world’s largest solar 

farm at Kamuthi, Tamil Nadu. As of 2018, India scaled up renewable energy goals from 

175 gigawatt to 277 gigawatt over the next 4 years with about 40 gigawatt of the goal 

representing rooftop solar.  
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Now, coming to the power quality improvement in grid integrated solar PV based 

microgrid. 
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We have a single-stage solar PV array and BES is connected with the buck boost 

converter. 
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The details of the control strategy are provided in the screenshots herein. 
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The parameters used for the simulation analysis are provided here. 
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The simulation results are provided in the screenshots herein.  
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The parameters used for the experimental analysis are provided here. 
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And these are the data of practical system. 
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This is the photograph of the practical system. 
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The simulation results are provided in the screenshots herein.  
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Now, coming to power quality improvement in the wind solar PV with battery based 

microgrid. 



(Refer Slide Time: 15:56) 

 

Here is the system where we have wind generation from synchronous generator with 

variable speed generation. SPV array is connected at DC link. And here on the DC link 

we are keeping a battery with the buck boost converter. 
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The control algorithm is explained herein. 
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The experimental results are displayed in the screenshots herein. 
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. 
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Now coming to another topology of microgrid; microgrid based on wind driven 

synchronous reluctance generator and solar PV array. And then we have a the battery 

here connected on the DC link. 
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The control strategy and experimental results are displayed in the screenshots herein. 
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Coming to the power quality improvement in grid integrated small hydro solar PV 

battery microgrid. 
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Here is a small hydro connected to the solar PV, and we have a battery connected to the 

system. 
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The control strategy is described in the screenshots herein. 
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The simulation results are presented in the screenshots herein. 
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Now, coming to power quality improvement in the grid connected wind solar PV battery 

based DG set based microgrid. 
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The system configuration is shown in the above screenshot. 
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The control strategy is briefly described in the screenshots herein. 
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The simulation results are provided in the screenshots herein. 
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The experimental results are provided in the screenshots herein. 
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This is another configuration whose control strategy, simulation results and experimental 

results are described in the screenshots herein. 
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These are typically the hardware of the prototype developed for the system. 
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Now, coming to power quality improvement in microgrid for electric vehicle charging 

station. 
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The charging station configuration is described in the screenshot herein. 
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The system features and operational criterion are described here. 
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The control strategy are described in the screenshots herein. 
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These screenshots present the experimental results. 
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This is another charging station configuration. Its description, operational criterion, 

control strategy, and experimental results are presented herein. 
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Now, coming to the numerical problems. 
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Three phase AC microgrid consists of 30 kilowatt synchronous generator based on wind 

power energy convergence 24 kilowatt solar PV array integrated to 415 volts 50 hertz 

three phase AC grid. And solar PV array is connected at the DC link terminal of the back 

to back connected power converter used for controlling the synchronous generator.  

A linear load of fifteen kilowatt is connected at the PCC terminal of the microgrid and if 

renewable sources are operating at that rated condition. Then calculate the RMS current 



injected into the grid assuming negligible losses power injected into grid at unity power 

factor. 

(Refer Slide Time: 40:56) 

 

The solution to the numerical example is detailed in the screenshots herein. 

(Refer Slide Time: 41:08) 

 



(Refer Slide Time: 41:17) 

 

(Refer Slide Time: 41:23) 

 

A wind turbine compared to doubly fed induction under 4 pole 50 hertz. These are 

typically that are of blade radius gearbox and maximum power coefficient slip maximum 

slip corresponding to your rated wind speed. And these are the PV array open circuit PV 

module current and MPPT voltage for PV module. 

Back to back converters of microgrid connected to 415 volt 50 hertz three phase step up 

2 to 1 transformer and SPV array connected to the DC link up through DC DC boost 

converter. And DC link voltage of the power converter are made at 360 volt with the 



renewable research operator 10 meter per second wind speed and rated solar period. And 

calculate the required rotary speed, calculate the required duty ratio of the boost 

converter for maximum power from solar PVR and wind turbine. 
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The solution to the numerical example is detailed in the screenshots herein. 
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A 80 kilowatt synchronous reluctance generator base wind generator integrated system 

with the PV array with the peak power of 120 kilowatt. And the microgrid is connected 

to 84 kilowatt local load operating at 0.8 lagging power factor. 

Net power is injected into the grid if the renewable energy source is operating at the 

rated condition calculate the grid RMS current and the voltage current. And KVA rating 

of the grid side voltage source converter a the reactive power compensation is provided 

by the microgrid and no reactive power compensation provided microgrid. 
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The solution to the numerical example is detailed in the screenshots herein. 
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An AC microgrid with 120 kilowatt at rated wind speed of 12 meter per second is 

squirrel cage induction generator based on wind turbine. And a 100 kilowatt at 1000 

(Refer Time: 44:37) solar PV range fitting power to the three phases of 400 volt 50 hertz 

squirrel. And squirrel cage generator to the grid using back to back voltage source 

converter and SPV array is integrated to the common DC link of VSC through boost 

convertor.  

A 480 volt standard battery energy storage system integrated with the microgrid through 

bidirectional DC DC converter which smoothen the wind and solar irregularity. The 

microgrid control scheme is to provide a smooth power of 150 kilowatt to three phase 

grid at all time. Calculate the battery current when the wind speed is 8.5 meter per 

second and the solar radiation 600 watt per meter. Also, calculate the current injected 

into the grid also assume negligible losses unity power factor operation at the grid side 

can be varying the linear variation of solar PV power with irradiation. 
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The solution to the numerical example is detailed in the screenshots herein. 
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A 12 kilowatt solar PV array is connected to the DC terminal of power converter used 

for the control of wind driven 25 kilowatt permanent magnet synchronous generator. The 

microgrid is supplying the linear load of 8.5 kilowatt and 5.8 kVAR. And remaining 

power is exchanged with the 415 volt three phase grid the grid side voltage source 

converter ensure the grid always operate at UPF. And the grid voltage source converter 

losses can be assumed 5 percent of the estimate a the load current and the grid current 

under the rated condition b calculate the grid power factor and the phase angle shift 

between AC current with respect to the voltage. 
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The solution to the numerical example is detailed in the screenshots herein. 
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To summarize: Basic power quality relative challenges have been discussed. Control 

scheme and performance evaluation of power quality improvement grid integrated solar 

PV array battery base energy system based micro would have been presented. Control 

scheme and performance of evaluation of power quality improvement grid integrated and 

wind generation convergence system battery have been discussed. 
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Control scheme and performance evaluation of power quality improvement grid 

integrated solar PV small hydro and battery energy storage system based microgrid are 



presented. Control scheme performance evaluation of grid connected indicators solar PV 

wind energy conversion system DG set, battery energy storage microgrid have been I 

mean discuss. Control scheme and performance evaluation of power quality 

improvement with the electric vehicle charging station have been presented. 
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And these are the some of the references. 

Thank you. 


