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ABSTRACT 

 
High living standards and dependency on electrical gadgets and appliances have increased the 

world wide electricity consumption. This energy demand is met out by utilizing the conventional 

resources (coal, diesel, petrol etc.) as well as renewable resources such as solar, wind, tidal, bio-

gas etc. The energy demand for each and every area is not fulfilled by the existing power grid 

due to the remoteness of the places. Moreover, sometimes the power cuts lasting from few 

minutes to several hours occur in metropolitan cities during peak hours. The microgrid can be a 

good alternative to support the local demand and to fill this energy gap. The microgrid consists 

of various small scale distributed generations based on renewables (wind, solar, hydro etc.) and 

sometimes conventional resources (fossil fuel, gas etc.) and energy storage devices (battery 

banks, superconducting capacitors, electric vehicles etc.) to feed the local loads. It is capable of 

connecting or disconnecting from the utility grid to operate in grid connected or in isolated mode 

of operations.  

This research work deals with the supplying power to the loads under such scenarios of far 

distant places where the grid is not feasible and the other scenario when the system is suffering 

from energy crisis due to the grid outages. The microgrid topologies (wind-diesel, wind-hydro 

and wind-solar) are proposed to feed the local loads in isolated mode for rural electrification. 

Various control algorithms are implemented for satisfactory performance of these microgrids 

under steady state and dynamic conditions. These algorithms provide voltage control, harmonics 

elimination, reactive power compensation and power balancing. The brushless generators such 

as, squirrel cage induction generator (SCIG), permanent magnet synchronous generator (PMSG), 

synchronous reluctance generator (SyRG) and permanent magnet brushless DC generator 

(PMBLDCG) are used for power generation in remote areas as they are maintenance free. For 
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the variable speed wind generation and solar power generation, the maximum power tracking 

(MPPT) is realized using perturb and observe (P&O) and incremental conductance (INC) 

approaches.   The BESS (Battery Energy Storage System) is used to provide load leveling during 

wind fluctuations, solar PV (Photo-Voltaic) insolation changes and load variations. Such 

microgrids provide power quality solutions and are able to maintain the power balancing.  

Another important function of the microgrid is its synchronization and de-synchronization from 

the utility grid. The grid outage is very common even in advanced cities where electrical power 

shedings/ cuts persist for few minutes to several hours. During such conditions, the microgrids 

can serve the system at local level and when the grid is appeared they can be synchronized with 

the AC mains. If the renewable generation is high, renewable power can be fed to the utility grid 

and during high demand and lower renewable generation, the grid can feed the loads. The 

microgrid has to operate in two modes, islanded mode and grid connected mode with the voltage 

control and current control algorithms. Another control called synchronization control is used for 

STS (Static Transfer Switch) closing/ opening for smooth transition between two modes. This is 

in order to make the synchronization and de-synchronization process seamless and transient free.  

The microgrid configurations with wind and solar PV generators, operation in isolated mode and 

their synchronization and de-synchronization with the utility grid are investigated in detail. In 

grid tied operation, the microgrid feeds power to the utility grid during high renewable 

generation and low demand condition. The grid power can also be utilized by the loads during 

nights or when the renewable generation is insufficient to feed the loads. In such a way, the load 

demand is continuously supplied and excess or deficit power generation is managed by the utility 

grid. 
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In another synchronization topology, a diesel generator (DG) set is used with these renewables 

so that during an outage when the renewable generation is not enough to meet the load demand, 

the DG is synchronized with the PCC (Point of Common Coupling) and starts feeding the local 

loads. In this way, the economic utilization of the fossil fuel resource is possible. After clearing 

the outage with a grid appearance, the DG is disconnected and the inverter starts operating in an 

islanded mode and then synchronized with the utility grid. Now as the renewable power 

increases the extra power can be fed to the AC mains and it is used to generate revenues. 

These microgrids are capable of supplying power to the remote places as well as to the cities 

during outage or emergencies. Their controls are robust and are used to achieve power quality 

solutions and to provide power management. The satisfactory performances of these microgrids 

are demonstrated with simulation results obtained using developed models in 

MATLAB/Simulink and their validation is done with experimental results on the developed 

prototypes in the laboratory.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

साराांश 

 

यह अनुसन्धान दरूस्थ तथा दरु्गम स्थानों जहााँ पर ग्रिड द्वारा बिजली नहीीं पहुींचाई जा 

सकती या जो क्षेत्र ववकससत होने पर भी बिजली की अनुपल्िधता या बिजली के िाग्रधत होने 

से प्रभाववत होरहे हैं, उन पररस्स्थततयों पर पर कें द्रित है। इस मे एकाकी (आइस्लेंडडे) 

माइक्रोग्रिड टोपोलोस्जज़ जैसे ववींड-डीजल , ववींड-हाइड्रो, ववींड-सोलर प्रस्तुत के र्ईं हैं। ये 

माइक्रोग्रिडस स्थानीय लोड्स  को बिजली आपुती पहुींचने के सलए ववकससत की र्ईं हैं। इनमें 

कई तनयींत्रण तकनीकों का उपयोर् हुआ है। जो माइक्रोग्रिड की सामान्य तथा पररवतगनशील 

अवस्थाओीं मे कुशल सञ्चालन को दशागता है । ये तकनीकें  वोल्टेज तनयमन, हॉमोतनक्स 

तनमूगलन, ररएस्क्टव ऊजाग क्षततपूरण और ऊजाग सींतुलन िनाये रखने मैं सफल हुईं हैं । ब्रुशलेस 

जनरेटर से दरुर्म स्थानों पर ऊजाग उत्तपादन व आपूतत ग के सलए प्रयोर् हुए हैं। ताकक 

रखरखाव की आवश्यकता न्यूनतम रहे। र्तत पररवतगनशील वायु ऊजाग और सौर ऊजाग से 

अग्रधकतम ऊजाग तनष्कर्गण (मैस्क्समम पावर टै्रककीं र्) के सलए पी. ऐन. ओ.  और आई॰ ऐन॰सी 

॰ तकनीकों का प्रयोर् ककया र्या है। वायु या सौर ऊजाग की अतनयसमतता के समय वैद्युत 

ऊजाग समतलन के सलए िैटरी िैंक को उपयोर् मे लाया र्या है । ये मइक्रोग्रिड बिजली की 

र्ुणवत्ता िढ़ने व ऊजाग सींतुलन मे सफल हुई है।  

मइक्रोग्रिड का दसूरा मुख्य पहलू ग्रिड के साथ ससींक्रोनाइज होना और और 

डीससींक्रोनाइज होना है। आजकल ववकससत शहरों मे ग्रिड का चलेजाना िहुत साधारण िात है। 



 

यह बिजली की कटौतत कुछ समनट से कई घींटों की हो सकती है। इन पररस्स्थततयों से 

तनपटने के सलए मइक्रोग्रिड को स्थानीय लोड्स को ऊजाग प्रदान करनी चाद्रहए। और ग्रिड के 

साथ ससींक्रोनाइज होने की सुववधा होनी चाद्रहए। जि ररन्यूएिल पावर उत्पादन िहुतायत मे हो 

तो उस ऊजाग को ग्रिड के सींभरण की व्यवस्था हो और जि ऊजाग खपत अग्रधक हो या 

ररन्यूएिल पावर उत्तपादन काम हो तो ऊजाग ग्रिड से लेने की सुववधा हो। इन सभी कृत्यों 

की पूतत ग के सलए मइक्रोग्रिड एकाकी तथा ग्रिड सींर्त प्रणाली मे क्रमशः ववभव (वोल्टेज) 

तनयींत्रण तथा धारा (करींट) तनयींत्रण तकनीकों के साथ काम करती है। एक अन्यत्र ससींक्रोनस 

तनयींत्रण प्रणाली जो कक एस. टी. एस. के पररपथ मे जोड़ ेजाने और पररपथ से अलर् होने 

की प्रकक्रया मे काम आती है। ट्राींससएींट रद्रहत सञ्चालन के सलए काम मे आती है।  

मइक्रोग्रिड की ग्रिड से जुड़ने व अलर् होने की प्रणाली का प्रयोर् वायु, वायु तथा सौर 

ऊजाग उत्तपादक मइक्रोग्रिड ववन्यास (कॉस्न्िर्रेशन) के साथ प्रयोर् मे लाया र्या है। एक 

सभन्न प्रकार का ववन्यास ग्रिड या डीजल जनरेटर के साथ ससींक्रोनाइज व डीससींक्रोनाइज होन े

के सन्दभग मे सलया र्या है। ताकक जि ग्रिड प्रस्तुत न हो और ररन्यूएिल ऊजाग का उत्तपादन 

भी काम हो तो डी.जी. ववसींिींध कर मइक्रोग्रिड के एकाकी प्रणाली मे लात ेहैं और पुनः ग्रिड 

के साथ ससींक्रोनाइज कर ऊजाग प्रवाह को व्यवस्स्थत कर देते हैं। ताकक अग्रधक उतपाद्रदत ऊजाग 

(बिजली) से आय प्राप्त की जा सके।  

दरूस्थ   स्थानों  जहाीं  ग्रिड पहुींचना  सींभव नहीीं  है  तथा  उन शहरों  जहाीं  बिजली  की 



 

कटौतत अक्सर होती है इस प्रकार की मइक्रोग्रिड एक अच्छा बिजली उत्तपादन का माध्यम 

हो सकती हैं। इनकी तनयींत्रण तकनीक िहुत पुख्ता, वैद्युत ऊजाग की र्ुणवत्ता के िढ़ने वाली 

व ऊजाग सींतुलन स्थावपत करने वाली है। इन मइक्रोग्रिड्स की कायग सींपादन क्षमता ससमुलेशन 

पररणामों के साथ मातलि/ससमसलनक सॉफ्टवेर तथा प्रयोर्ात्मक पररणाम लघु प्रततकृतत 

(प्रोटोटाइप) िना कर ससद्ध की र्ई है। 
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Fig. 10.9  Hardware Photograph of Voltage Source Converter (VSC), Static Transfer 
Switch (STS) and Diesel Generator (SCIG) 

Fig. 10.10 Island Operation of Microgrid under Nonlinear Load 

Fig. 10.11 Voltage and current waveforms of grid tied mode and voltage waveform of 
diesel generator with their harmonic spectra  

Fig.10.12 Synchronization of Microgrid under Nonlinear Load 

Fig.10.13 De-synchronization of Microgrid from Grid under Nonlinear Load 

Fig.10.14 Diesel Generator Synchronization with Wind-Solar Microgrid under 
Nonlinear Load 

Fig.10.15 Steady State Performance of Microgrid in Island Mode under Noninear 
Load (a-c) Load currents (iLabc) and VLab (d-f)  VSC currents (ic_abc) and 
VLab (g) PL (h) PVSC (i)  solar power (Ppv) (j) wind power (Pw) (k)  Battery 
power (Pbt) (l) Harmonic content of load voltage 

Fig.10.16 Steady State Performance of Microgrid in Grid Tied Mode under Nonlinear 
Load (a-c) Grid currents (iga), Load currents (iLa), VSC currents (ica) with 
Vgab (d-f) Harmonic content of  line voltage, load current and grid current 
(g) Pg (h)  PL (i) Pvsc (j) wind power (Pw) (k) solar power (Ppv) (l) Pbt 

Fig.10.17 Steady State Performance of Hybrid Microgrid in Island Mode under 
Nonlinear Load (a-c) Source currents (isabc) and VLab (d-f) Load currents 
(iLabc) and VLab (g-i) VSC currents (icabc) and VLab Harmonic content of load 
current (j) Ps (k)  PL (l) PVSC (m) solar power (Ppv) (n) wind power (Pw) (o) 
Battery power (Pbt) (p) Harmonic content of load voltage 

Fig.10.18 Steady State Performance of DG System Island Mode under Nonlinear 
Load (a-c) Source currents (isabc) and VLab (d-f) Load currents (iLabc) and 
VLab (g-i) VSC currents (icabc) and VLab Harmonic content of load current (j) 
Ps (k)  PL  (l) PVSC (m)  Battery power (Pbt) (n) PL (o)  Pbt (p) Harmonic 
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content of load voltage 

Fig.10.19 Synchronization and De-synchronization processes under nonlinear loads: 
(a-b) vga, Iga, vLa, iLa (c-d) iga, θg, θsa. 

Fig.10.20 Wind Speed and Insolation Variation under Nonlinear Loads- (a) vLab, iga, 
iVSC, iLa (b) VDC, Ibt, Iw, Ipv (c) VDC, Iw, Ipv, Igd 

Fig.10.21 DG Dynamics under linear and nonlinear loads:(a) vLab, isa, Ibt, iLa (b) vLab, 
isa, iLa, Ibt  (c) vLab, iga, iLa, Ibt   
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 LIST OF ABBREVIATIONS  

ADC Analog to Digital Channel 

BESS Battery Energy Storage System 
BPFF Back Propagation Feed Forward 

CERTS The Consortium for Electric Reliability Technology Solutions 

CIGRE The International Council on Large Electric Systems (French: Conseil 
International des Grands Réseaux Électriques) 

CCA Current Control Algorithm 
DBR Diode Bridge Rectifier 

DFIG Doubly Fed Induction Generator 
DSO Digital storage Oscillator 

DSTATCOM Distributed Static Compensator 
EPLL Enhanced Phase Lock Loop 

GW Giga Watts 
IEEE Institute of Electrical and Electronics Engineers 

IGBT Insulated Gate Bipolar Transistor 
INC Incremental Conductance  
kWh Kilo Watt Hour 
LMS Least Mean Square 

LMLS Least Mean Logarithmic Square 
LPF Low Pass Filter 

MG Microgrid 

MPPT Maximum Power Point Tracking 

NN Neural Network 

NSLMF Normalized Sign Least Mean Fourth 
PCB Printed Circuit Board 

PCC Point of Common Coupling 
PI Proportional and Integral   

PLL Phase Lock Loop 
PQ Power Quality 

PSO Particle Swarm Optimization 



  

xxvi 
 

PWM Pulse Width Modulation 
PMSG Permanente Magnet Synchronous Generator 

P&O Perturb and Observe 
RZALMS Reweighted Zero Attractor Least Mean Square 
RMS Root Mean Square 
RC filter  Ripple Filter 

SA Sign Algorithm 
SCIG Squirrel Cage Induction Generator 

SHC Sample and Hold Circuit 
SRF Synchronous Reference Frame 

STS Static Transfer Switch 
SyRG Synchronous Reluctance Generator 

THD Total Harmonic Distortion 
USD United State Dollar  
VCA Voltage Control Algorithm 
VSC Voltage Source Converter 

WECS Wind Energy Conversion System 
ZCD Zero Crossing Detector 
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LIST OF SYMBOLS 

Cb Parallel capacitance of BESS 
∆IL peak to peak current ripple of boost converter 
epa Error between actual and desired outputs 
fs & fss Switching frequency 
ia, ib, ic Three phase instantaneous currents 
ia

*, ib
*, ic*  Three phase source reference currents for phase a, b and c 

ica,icb,icc Three phase compensating currents 
icca,iccb,iccc Three phase excitation currents of the capacitor bank 
Ibt Charging current  

icn, iLn, in 
Compensating neutral current of VSC, load neutral current and 
system neutral current 

Ifp,  
Fundamental active power component of the reference source 
current 

Ifq 
Fundamental reactive power components of reference three phase 
source currents 

Igt/gd Reference grid current active component 
iga, igb, igc Sensed grid/ generator three phase currents 
i*

ga, i*
gb,, and i*gc Reference grid/generator currents 

iLa,iLb,iLc Three phase load currents  
i*

La, i*
Lb, i*

Lc Reference load currents 
ILd Active component of load current 
iLfa Fundamental load current component for phase ‘a’ 

ILpb  
Aggregation function of input layer for active power component of 
load current 

Io Wind active component after boosting 
Ipf Reference active power component   
ipa, ipb, ipc Three phase active power components of load currents   
Ipavg Equivalent per phase of load active power component 
Ipbl Aggregation function for active component of hidden layer 
i*

pa  Active reactive component of reference source current 
iPMBLDCG PMBLDC generator current for phase ‘a’ 
Ipv Solar panel current 
iqa, iqb, iqc Three phase reactive power components of load currents   
Iqavg Equivalent per phase reactive power component of load current 
i*

qa Reactive component of reference source current 
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Iqbl Aggregation function for reactive component of hidden layer 
Irip Current ripple of interfacing inductor 
Iv

 Current component coming from the PI controller 
Iw & Iwind Current component of Wind 
iwa, iwb, iwc Wind turbine generated currents of phase ‘a, b, c’ 
ki Integral gain 
kp Proportional gain  
Lf  Interfacing inductance  
Lo Boost inductor 
m Modulation index 
μ Shifting operator 
μi Adaptive weighted step size 
ω0 Reference frequency 
Pbt Battery Power 
Pg Grid/Generator Power 
Phy Hydro power 
PL Load demand 
PLa, PLb, PLc Single phase load powers 
Ppv Solar power 
PRT Total renewable power 
Ps Source power 
PVSC VSC Power 
Pw & Pwind Wind power 
Rb Parallel resistance of BESS 
Rs Series connected internal resistance of BESS 
Qcc Reactive power of capacitor bank 
σ and ψ Constants 
S1 to S6 Gating signals  
θsa,  θg & θdg Grid and load voltage angles 
upa,upb, upc In-phase unit voltage templates  
uqa,uqb, uqc Quadrature phase unit voltage templates  
va, vb, vc  Three phase instantaneous voltages at PCC 
vab Line voltage 
vabc  Voltages of three phases 
Vo  DC link voltage  
Verr Voltage error 
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Vgt Grid Voltage 
vgabc Three phase grid voltage 
VL Line voltage 
vLa, vLb, vLc Load voltages 
v*

La, v*
Lb, v*

Lc Reference load voltages 
Vp

*  Peak reference voltage magnitude  
Vpv Solar panel output voltage 
Vw Wind speed 
Vt  Terminal Voltage 
Vt* Reference terminal voltage 
wpal, wpbl, wpcl Three phase active power components of load currents   
wqal, wqbl, wqcl Three phase reactive power components of load currents   
Xpb Active component of output of input layer neuron 
Xqb Reactive component of output of input layer neuron 
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