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ABSTRACT 

Resilience and reliability of the microgrids are a vital issue, as it not only decreases the power 

outage, but it allows high penetration of various distributed energy resources such as 

renewables (solar, wind, hydro) and battery energy storage. Microgrid (MG) is a small-scale 

power network that functions either in the grid-connected (GC) mode or an islanding (IS) 

mode. In both these modes of operation and transition from an IS mode to the GC mode and 

vice-versa, the distributed energy resources (DER) in microgrid (MG) are controlled by using 

various control techniques. Therefore, this thesis deals with the design, control and 

implementation of various configurations integrating solar PV, pico-hydro generation, wind 

energy conversion system, battery storage, grid/DG set and local loads. These configurations 

are segregated on the basis number of energy sources (one or multiple), the configuration of 

each source (single stage or double stage) and types of loads (single-phase, three-phase, 

dynamic loads). The solar and wind generations are intermittent and thus used in conjunction 

with pico-hydro generation to guarantee that the baseload is supplied at all times. This MG 

operates in multiple modes like islanded mode, grid-connected mode and DG set connected 

mode to facilitate uninterrupted power to local loads. Moreover, few configurations have DG 

set, irrespective of the fact that the DG set utilizes diesel, which is not clean. Diesel power 

provides reliability that supports critical loads (hospitals) when renewable energy and battery 

power are insufficient. However, the DG set operates in the fuel-efficient zone under load 

unbalance conditions as it is supported through a battery storage. The core objective of the 

system is to deliver power to critical loads even at the grid outage. 

A prime research feature for a microgrid is its appropriate control, which assures uniform 

power as well as current allocation between distributed generation units while operating in 

different operating conditions. A single voltage source converter achieves significant roles 

like frequency and voltage regulation (in islanded and DG set connected mode), energy 

management between generating units and loads, compensating the harmonics current 

demand of local nonlinear load and dynamic reactive power demand of dynamic loads 

(Induction Motor). Therefore, the VSC control is the eminent part of the MG and for the 

satisfactory operation, it should be fast and robust. In this thesis, various control algorithms 

are implemented and these controls provide reduced steady-state error, enhanced 

convergence rate, DC offset rejection capability to achieve accurate extraction of the 

fundamental component of nonlinear load currents. 
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The satisfactory performance of these microgrids and their control algorithms are replicated 

through simulated results, which are modelled in MATLAB/Simulink platform using 

Simpower toolbox and test results on the developed hardware prototype. Simulated and test 

results are presented for adverse conditions like solar intensity change, wind speed change 

and unbalanced load conditions. 
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सार

माइ�ोि�ड का लचीलापन और िव�सनीयता एक मह�वपणू� म�ुा ह,ै  य!िक यह न केवल िबजली क% कमी को कम करता है, बि&क यह िविभ(न 

िवत)रत ऊजा� संसाधन! जैस ेनवीकरणीय (सौर, पवन, हाइ.ो) और बैटरी ऊजा� भंडारण के उ1च 2वेश क% अनमुित देता ह।ै माइ�ोि�ड (एमजी) 

एक छोटे पैमाने का िबजली नेटवक�  ह ैजो या तो ि�ड-कने टेड मोड या एक आइल9िडंग मोड म; काय� करता ह।ै आइल9िडंग मोड से ि�ड-कने टेड 

मोड म; संचालन और सं�मण के इन दोन! तरीक! म; और इसके िवपरीत, माइ�ोि�ड (एमजी) म; िवत)रत ऊजा� संसाधन (डीईआर) को िविभ(न 

िनयं=ण तकनीक! का उपयोग करके िनयंि=त िकया जाता ह।ै इसिलए, यह थीिसस सौर पीवी, िपको-हाइ.ो उ�पादन, पवन ऊजा� ?पांतरण 2णाली, 

बैटरी भंडारण, ि�ड / डीजी सेट और लोकल लोड को एक%कृत करन ेवाले िविभ(न िव(यास! के िडजाइन, िनयं=ण और काया�(वयन से संबंिधत ह।ै 

इन िव(यास! को ऊजा� Bोत! क% संCया (एक या एकािधक), 2�येक Bोत के िव(यास (एकल चरण या दोहरे चरण) और भार के 2कार (एकल-

चरण, तीन-चरण, गितशील भार) के आधार पर अलग िकया जाता ह।ै सौर और पवन पीढ़ी Eक-Eक कर होती ह ैऔर इस 2कार िपको-हाइ.ो 

पीढ़ी के साथ संयोजन म; उपयोग क% जाती है तािक यह सिुनिFत हो सके िक हर समय बेसलोड क% आपिूत� क% जाती ह।ै यह MG कई मोड म; 

काम करता है जैस ेिक आईल9डेड मोड, ि�ड-कने टेड मोड और DG सेट कने टेड मोड, तािक लोकल लोड को िनबा�ध िबजली िमल सके। इसके 

अलावा, कुछ कॉि(फ़गरेशन म; डीजी सेट होता ह,ै इस तIय के बावजदू िक डीजी सेट डीजल का उपयोग करता ह,ै जो साफ नहK ह।ै डीजल 

िव�सनीयता पावर 2दान करती ह ैजो नवीकरणीय ऊजा� और बैटरी पावर अपया�L होने पर मह�वपणू� लोड (अMपताल!) का समथ�न करती ह।ै 

हालांिक, डीजी सेट ईधंन-कुशल Nे= म; लोड असंतुलन िMथितय! के तहत संचािलत होता है  य!िक यह बैटरी Mटोरेज के माOयम से समिथ�त होता 

ह।ै िसMटम का मCुय उ�ेPय ि�ड आउटेज पर भी मह�वपणू� लोड को िबजली पहQचंाना ह।ै. 

एक माइ�ोि�ड के िलए एक 2मखु अनसुंधान िवशेषता इसका उपयTु िनयं=ण ह,ै जो िविभ(न प)रचालन िMथितय! म; काम करते हQए िवत)रत 

उ�पादन इकाइय! के बीच समान शिT के साथ-साथ वत�मान आवंटन का आ�ासन देता ह।ै एक एकल वो&टेज Bोत कनवट�र आविृU और 

वो&टेज िविनयमन (आइल9िडंग मोड और डीजी सेट कने टेड मोड म;), उ�पादन इकाइय! और लोड के बीच ऊजा� 2बंधन, Mथानीय गैर-रेखीय 

लोड क% हामVिन स वत�मान मांग और गितशील भार क% गितशील 2िति�याशील िबजली क% मांग क% भरपाई जैसी मह�वपणू� भिूमकाएं 2ाL 

करता ह।ै इसिलए, वीएससी िनयं=ण एमजी का 2मखु िहMसा ह ैऔर संतोषजनक संचालन के िलए, यह तेज और भरोसेमंद होना चािहए। इस 

थीिसस म;, िविभ(न िनयं=ण ए&गो)रदम लागू िकए गए ह9 और ये िनयं=ण कम िMथर-राWय =िुट, बढ़ी हQई अिभसरण दर, डीसी ऑफ़सेट अMवीकृित 

Nमता 2दान करते ह9 तािक गैर-रेखीय लोड धाराओ ंके मौिलक घटक के सटीक िन[कष�ण को 2ाL िकया जा सके।.  

इन माइ�ोि�ड और उनके िनयं=ण ए&गो)रदम के संतोषजनक 2दश�न को िस\यलुेटेड प)रणाम! के माOयम से स�यािपत िकये जाये है, जो िक िसमपॉवर 

टूलबॉ स का उपयोग करके MATLAB/Simulink ]लेटफॉम� म; तैयार िकए जाते ह9 और िवकिसत हाड�वेयर 2ोटोटाइप पर परीNण के प)रणाम 

ह9। सौर ती^ता प)रवत�न, हवा क% गित प)रवत�न और असंतुिलत भार िMथितय! जैसी 2ितकूल प)रिMथितय! के िलए परीNण के प)रणाम 2Mतुत िकए 

गए है। 
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vsc) &(isa, isb, isc) of pico-hydro driven SyRG (b) Phydro (c) THD of isa 

(d) THD of vsab (e) (iLa, iLb, iLc) (f) PLt (g) THD of iLa (h) (vvsca, vvscb, 

vvscc) & (ivsca, ivscb, ivscc) (i) Vb, Ib (j) Pb 

Fig. 3.42 

(a-g) 

Power Quality Indices three phase four wire pico-hydro turbine-driven 

SyRG and battery based microgrid in DG Connected (a) (vdgab, vdgbc, 

vdca) & (Idga, idgb, idgc) (b) Pdgt (c) THD of idga (d) THD of vdgab (e) (iLa, 

iLb, iLc) (f) PLt (g) THD of iLa 

Fig. 3.43 

(a-b) 

Test results of three phase four wire pico-hydro turbine-driven SyRG 

and battery based microgrid during islanded mode (a) Ib, iLa, isa and ivsca

(b) iLn, isn, iLa and ivn

Fig. 3.44 

(a-b) 

Test results of three phase four wire pico-hydro turbine-driven SyRG 

and battery based microgrid in DG connected mode (a) iLa, Ib, vdgab and
idga (b) iLa, Ib, vdgab and idg

Fig. 3.45 Performance of three phase four wire pico-hydro turbine-driven SyRG 

and battery with bidirectional DC-DC converter based microgrid in 

islanded mode under load unbalance condition 

Fig. 3.46 

(a-c) 

Power Quality Indices of three phase four wire pico-hydro turbine- 

driven SyRG and battery with bidirectional DC-DC converter based 

microgrid in islanded mode (a) Harmonic spectrum of is (b) Harmonic 

spectrum of iL. (c) Harmonic spectrum of vL. 

Fig. 3.47 Performance of three phase four wire pico-hydro turbine-driven SyRG 

and battery with bidirectional DC-DC converter based microgrid during 

switching mode and grid connected mode under load unbalance 

condition 

Fig. 3.48 Performance of three phase four wire pico-hydro turbine-driven SyRG 

and battery with bidirectional DC-DC converter based microgrid during 

switching mode and grid connected mode under load unbalance 

condition 

Fig. 3.49 

(a-b) 

Power Quality Indices of three-phase-four-wire pico-hydro turbine- 

driven SyRG and battery with bidirectional DC-DC converter based 

microgrid at grid/DG set connected mode (a) Harmonic spectrum of ig 

(b) Harmonic spectrum of idg 
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Fig. 3.50 

(a-j) 

Power Quality Indices of three-phase-four-wire pico-hydro turbine- 

driven SyRG and battery with bidirectional DC-DC converter based 

microgrid during islanded mode (a) (vsa, vsb, vsc) & (isa, isb, isc) of pico- 

hydro driven SyRG (b) Phydro (c) THD of isa (d) THD of vsab (e) (iLa, iLb, 

iLc) (f) PLt (g) THD of iLa (h) (vvsca, vvscb, vvscc) & (ivsca, ivscb, ivscc) (i) Vb, 

Ib (j) Pb 

Fig. 3.51 

(a-j) 

Power quality indices three-phase-four-wire pico-hydro turbine-driven 

SyRG and battery with bidirectional DC-DC converter based microgrid 

in DG Connected (a) (vdgab, vdgbc, vdca) & (idga, idgb, idgc) (b) Pdgt (c) THD 

of idga (d) (iLa, iLb, iLc) (e) PLt (f) THD of iLa 

Fig. 3.52 

(a-b) 

Test results of three phase-four-wire pico-hydro turbine-driven SyRG 

and battery with bidirectional DC-DC converter based microgrid during 

islanded mode (a) Ib, iLa, isa and ivsca (b) isa, vsab, iLa and Ib

Fig. 3.53 

(a-b) 

Test results of three phase four Wire pico-hydro turbine-driven SyRG 

and battery with bidirectional DC-DC converter based microgrid in DG 

connected mode (a) iLa, Ib, vdgab and idga (b) iLa, Ib, vdgab and idga

Fig. 4.1 Three-phase three-wire wind-battery based microgrid 

Fig. 4.2 Three phase three wire wind-battery with bidirectional DC-DC 

converter based microgrid 

Fig. 4.3 Three phase four wire wind-battery based microgrid 

Fig. 4.4 Three phase four wind-battery with bidirectional DC-DC converter 

based microgrid 

Fig. 4.5 Wind INC MPPT Algorithm 

Fig. 4.6 Block diagram of three-phase three wire wind-battery based control 

strategy for islanded and grid/DG set synchronization 

Fig. 4.7 

(a-b) 

Block diagram of three phase three wire wind-battery based control 

strategy for grid and DG connected mode (a) Grid/DG Control (b) AAF-

FLL Control 

Fig. 4.8 Bidirectional DC-DC converter control for three phase three wire wind- 

battery based system 

Fig. 4.9 AAF-FLL control strategy for three-phase three wire wind battery with 

bidirectional DC-DC converter 

Fig. 4.10 Block diagram of three phase four wire wind-battery based control 

strategy for islanded and grid/DG set synchronization 

Fig. 4.11 

(a-b) 

Block diagram of three phase four wire wind-battery based control 

strategy for grid and DG connected Mode (a) Grid/DG connected Control 

(b) IGI-FLL Control 

Fig. 4.12 Bidirectional DC-DC converter control for three-phase four-wire wind- 

battery with 

Fig. 4.13 IGI-FLL control for three phase four wire wind battery with bidirectional 

DC-DC converter 

Fig. 4.14 

(a-c) 

MATLAB model of three phase three wire wind battery based 

microgrid (a) microgrid model (b) voltage source converter model (c) 

wind turbine driven generator with diode bridge rectifier and boost 

converter 
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Fig. 4.15 MATLAB model of three phase three wire wind battery with 

bidirectional DC-DC converter based microgrid 

Fig. 4.16 

(a-b) 

MATLAB model of three-phase-four-wire wind battery based 

microgrid (a) microgrid model (b) voltage source converter model 

Fig. 4.17 MATLAB model   of   three   phase   four   wire   wind   battery   with 

bidirectional DC-DC converter based microgrid 

Fig. 4.18 Photograph of hardware prototype 

Fig. 4.19 

(a-b) 

Performance of three phase three wire wind-battery based microgrid 

during (a) grid connected mode (b) switching mode from grid 

connected to standalone mode 

Fig. 4.20 

(a-c) 

Power Quality Indices of three phase three wire wind-battery based 

microgrid in grid connected mode and islanded mode (a) Harmonic 

spectrum of ig (b) Harmonic spectrum of iL. (c) Harmonic spectrum 

of vL 

Fig. 4.21 Performance of three phase three wire wind- battery based microgrid in 

islanded mode under load unbalance and wind speed change condition 

Fig. 4.22 Performance of three phase three wire wind-battery based microgrid in 

DG connected mode under load unbalance condition 

Fig. 4.23 

(a-b) 

Power Quality Indices of three phase three wire wind-battery based 

microgrid in DG connected mode (a) Harmonic spectrum of idg (b) 

Harmonic spectrum of vdg. 

Fig. 4.24 

(a-h) 

Power Quality Indices of three phase three wire wind-battery based 

microgrid in islanded mode (a) (vLa, vLb, vLc) & (iLa, iLb, iLc) (b) PLt (c) 

THD of vLab (d) THD of iLa (e) Vr, Iw (f) Pw (g) Vb, Ib (h) Pb 

Fig. 4.25 

(a-f) 

Power Quality Indices of three phase three wire wind-battery based 

microgrid in grid connected (a) (vgab, vgbc, vgca) & (iga, igb, igc) (b) THD 

of vgab (c) THD of iga (d) Pgt (e) Vb, Ib (f) Pb 

Fig. 4.26 

(a-f) 

Power Quality Indices three phase three wire wind-battery based 

microgrid in DG connected (a) (vdgab, vdgbc, vdca) & (Idga, idgb, idgc) (b) 

THD of idga (c) THD of vdgab (d) Pdgt 

Fig. 4.27 

(a-b) 

Test results of three phase-three-wire wind battery based microgrid in 

islanded mode (a) Ib, vLab, Iw and iLa (b) Ib, vLab, Iw and iLa

Fig. 4.28 

(a-b) 

Test results of three phase three wire wind-battery based microgrid 

during mode transition from islanded to grid connected mode (a) Ib, Iw,
ig and iLa(b) vLab, iLa, iga and vgab

Fig. 4.29 

(a-b) 

Test results of three phase three wire wind-battery based microgrid 

during DG connected mode (a) idga, iLa, vdga and vLab (b) iLa, X, vdga and
ivsca

Fig. 4.30 

(a-b) 

Performance of three phase three wire wind-battery with bidirectional 

DC-DC converter based microgrid in islanded mode under load 

unbalance condition and wind speed variation. 

Fig. 4.31 

(a-b) 

Performance of three phase three wire wind battery with bidirectional 

DC-DC converter based microgrid during (a) switching mode from 
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islanded to grid connected (b) grid connected mode under load 

unbalance condition and wind speed change. 

Fig. 4.32 

(a-c) 

Power Quality Indices of three phase three wire wind-battery with 

bidirectional DC-DC converter based microgrid in grid connected mode 

and islanded mode (a) Harmonic spectrum of ig (b)Harmonic spectrum 

of iL. (c) Harmonic spectrum of vL 

Fig. 4.33 Performance of three phase three wire wind-battery with bidirectional 

DC-DC converter based microgrid in DG connected mode under load 

unbalance condition 

Fig. 4.34 Power Quality Indices of three phase three wire wind-battery  with 

bidirectional DC-DC converter based microgrid at DG set connected 

Mode (a) Harmonic spectrum of idg (b) Harmonic spectrum of vdg 

Fig. 4.35 

(a-h) 

Power Quality Indices of three-phase-three-wire wind-battery with 

bidirectional DC-DC converter based microgrid in islanded mode (a) 

(vLa, vLb, vLc) & (iLa, iLb, iLc) (b) THD of vLab (c) THD of iLa (d) PLt (e) 

Vr, Iw (f) Pw (g)Vb, Ib (h) Pb 

Fig. 4.36 

(a-f) 

Power Quality Indices of three phase three wire wind-battery with 

bidirectional DC-DC converter based microgrid in grid connected (a) 

(vgab, vgbc, vgca) & (iga, igb, igc) (b) THD of iga (c) THD of vgab (d) Pgt (e) 

Vb, Ib (f) Pb 

Fig. 4.37 

(a-d) 

Power Quality Indices of three phase three wire wind-battery based 

microgrid in DG connected (a) (vdgab, vdgbc, vdca) & (Idga, idgb, idgc) (b) 

THD of idga (c) Pdgt (d) ivsc 

Fig. 4.38 

(a-b) 

Test results of three phase three wire wind battery with bidirectional 

DC-DC converter based microgrid during islanded mode (a) Ib, vLab, Iw

and iLa (b) Ib, vLab, Iw and iLa

Fig. 4.39 

(a-b) 

Test results of three phase three wire wind-battery with bidirectional 

DC-DC converter based microgrid during transition from IS to GC 

mode and grid connected mode (a) Vdc, Iw, iga and iLa(b) Ib, iLa, iga and
Iw

Fig. 4.40 

(a-b) 

Test results of wind-battery with bidirectional DC-DC converter based 

microgrid during DG connected mode (a) idga, Ib, ӨL and Өdg (b) iLa, Ib,
vdgab and idga

Fig. 4.41 Performance of three phase four wire wind battery based microgrid in 

islanded mode under load unbalance condition and wind speed change 

Fig. 4.42 

(a-b) 

Power Quality Indices three-phase-four-wire wind-battery based 

microgrid in islanded mode (a) Harmonic spectrum of iL. (b) Harmonic 

spectrum of vL 

Fig. 4.43 

(a-b) 

Performance of three phase four wire wind battery based microgrid 

during (a) switching mode (b) grid connected mode under load 

unbalance condition and wind speed change 

Fig. 4.44 Performance of three phase four wire wind-battery based microgrid in 

DG connected mode under load unbalance condition 



xxxvi 
 

Fig. 4.45 Power Quality Indices of three phase four wire wind-battery based 

microgrid at grid/DG set connected mode (a) Harmonic spectrum of ig 

(b) Harmonic spectrum of idg. 

Fig. 4.46 

(a-h) 

Power Quality Indices of three phase four wire wind-battery based 

microgrid in islanded mode (a) (vLa, vLb, vLc) & (iLa, iLb, iLc) (b) THD of 

iLa (c) THD of vLab (d) PLt (e) Vr, Ir (f) Pw (g) Vb, Ib (h) Pb 

Fig. 4.47 

(a-c) 

Power Quality Indices of three-phase-four-wire wind-battery based 

microgrid in grid mode (a) (vgab, vgbc, vgca) & (iga, igb, igc) (b) Pgt (c) 

THD of iga (d) ivsc 

Fig. 4.48 

(a-c) 

Power Quality Indices three phase four wire wind-battery based 

microgrid in DG connected (a) (vdgab, vdgbc, vdca) & (Idga, idgb, idgc) (b) 

Pdgt (v) THD of idga 

Fig. 4.49 

(a-b) 

Test results of three-phase four wire wind-battery based in islanded 

mode (a) iLn, ivn, iLa and Iw (b) iLn, iLa, Ib and Iw

Fig. 4.50 

(a-b) 

Test results of three phase four wire wind-battery based microgrid in 

grid connected mode (a) iLa, Iw, Vdc and iga (b) iLa, Iw, Vdc and iga

Fig. 4.51 

(a-b) 

Test results of three phase four wire wind-battery based microgrid in 

DG connected mode (a) iLa, Ib, vdgab and idga (b) iLa, Ib, vdgab and idga

Fig. 4.52 Performance of three phase four wire wind-battery with bidirectional 

DC-DC converter based microgrid in grid connected mode under load 

unbalance condition 

Fig. 4.53 

(a-b) 

Performance of three-phase-four-wire wind-battery with bidirectional 

DC-DC converter based microgrid during (a) grid to islanded mode 

transition mode (b) under load unbalance condition in islanded mode 

Fig. 4.54 

(a-b) 

Power Quality Indices of three-phase-four-wire wind-battery with 

bidirectional DC-DC converter based microgrid in islanded mode (a) 

Harmonic spectrum of vL (b) Harmonic spectrum of iL 

Fig. 4.55 Performance of three phase four wire wind-battery with bidirectional 

DC-DC converter based microgrid during switching mode and grid 

connected mode under load unbalance condition 

Fig. 4.56 

(a-b) 

Power Quality Indices of three phase four wire wind-battery with 

bidirectional DC-DC converter based microgrid in grid connected mode 

(a) Harmonic spectrum of ig (b) Harmonic spectrum of idg 

Fig. 4.57 

(a-h) 

Power Quality Indices of three-phase-four-wire wind-battery with 

bidirectional DC-DC converter based microgrid in islanded mode (a) 

(vLa, vLb, vLc) & (iLa, iLb, iLc) (b) THD of iLa (c) THD of vLab (d) PLt (e) 

Pw (f) Vr, Iw (g) Vb, Ib (h) Pb 

Fig. 4.58 

(a-f) 

Power Quality Indices of three phase four wire wind-battery with 

bidirectional DC-DC converter based microgrid during grid mode (a) 

(vgab, vgbc, vgca) & (iga, igb, igc) (b) Pgt (c) THD of vg (d) ivsc (e) Pb (f) Vb, 

Ib 

Fig. 4.59 

(a-d) 

Power Quality Indices of three phase four wire wind-battery with 

bidirectional DC-DC converter based microgrid in DG Connected (a) 
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(vdgab, vdgbc, vdca) & (Idga, idgb, idgc) (b) THD of idga (c) Pdgt (d) ivsc 

Fig. 4.60 

(a-b) 

Test results of three phase four wire wind-battery with bidirectional 

DC-DC converter based microgrid in islanded mode (a) iLn, ivn, iLa and
Iw (b) iLn, iLa, Ib and Iw

Fig. 4.61 

(a-b) 

Test results of three phase four-wire wind-battery based with 

bidirectional DC-DC converter microgrid in grid connected mode (a) 

iLa, Iw, Ib and iga (b) iLa, Iw, Vdc and iga

Fig.4.62 

(a-b) 

Test results of three phase four-wire wind-battery with bidirectional 

DC-DC converter based microgrid in DG connected mode (a) iLa, Ib,
vdgab and idga (b) iLa, Ib, vdgab and idga

Fig.5.1 Three phase three wire solar PV array, pico-hydro turbine-driven SyRG 

and battery based microgrid 

Fig.5.2 Three phase three wire single stage solar PV array, pico-hydro turbine- 

driven SyRG and battery with bidirectional DC-DC converter based 

microgrid 

Fig.5.3 Three phase three wire double stage solar PV, pico-hydro turbine- 

driven SyRG and battery with bidirectional DC-DC converter based 

microgrid 

Fig.5.4 Three phase four wire double stage solar PV array, pico-hydro turbine- 

driven SyRG and battery based microgrid 

Fig.5.5 Three phase four wire single stage solar PV array, pico-hydro turbine- 

driven SyRG and battery with bidirectional DC-DC converter based 

microgrid 

Fig. 5.6 Three phase four wire double stage solar PV, pico-hydro turbine-driven 

SyRG and battery with bidirectional DC-DC converter based microgrid 

Fig. 5.7 Flow-Chart of INC MPPT Algorithm 

Fig. 5.8 Block diagram of three-phase three wire double stage solar PV array 

and pico-hydro and battery based control strategy for islanded and grid 

synchronization 

Fig. 5.9 Block diagram of three-phase three wire double stage solar PV array 

and pico-hydro-battery based control strategy for grid connected mode 

Fig. 5.10 Bidirectional DC-DC converter control for three-phase three-wire 

single stage solar PV array and pico-hydro battery based system 

Fig. 5.11 Bidirectional DC-DC converter control for three phase three wire 

double stage solar PV array and pico-hydro battery based system 

Fig. 5.12 Block diagram of three phase three wire double stage solar PV array 

and pico-hydro battery with bidirectional DC-DC converter based 

control strategy for islanded and grid synchronization 

Fig. 5.13 Block diagram of three phase four wire double stage solar PV array and 

pico-hydro- battery with bidirectional DC-DC converter based control 

strategy for grid connected mode 

Fig. 5.14 Block diagram of three phase four wire double stage solar PV array and 

pico-hydro-battery based control strategy for islanded and grid set 
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synchronization 

Fig. 5.15 Block diagram of three-phase four wire double stage solar PV array and 

pico-hydro-battery based control strategy for grid connected mode 

Fig. 5.16 

(a-b) 

Three-phase four-wire single stage solar PV array and pico-hydro- 

battery with bidirectional DC-DC converter (a) MVSS-INC-MPPT 

Technique (b) Bidirectional DC-DC converter control 

Fig. 5.17 Block diagram of three phase four wire double stage solar PV array and 

pico-hydro-battery with bidirectional DC-DC converter based control 

strategy for islanded and grid synchronization 

Fig. 5.18 

(a-c) 

MATLAB model of three phase three wire double stage solar PV array, 

pico-hydro turbine-driven SyRG and battery based microgrid (a) 

microgrid model (b) voltage source converter model (c) solar PV array 

model 

Fig. 5.19 

(a-b) 

MATLAB model of three phase three wire single stage solar PV array, 

pico-hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid (a) voltage source converter model (b) solar 

PV array model 

Fig. 5.20 MATLAB model of three phase three wire double stage solar PV array, 

pico-hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid 

Fig. 5.21 MATLAB model of three phase three wire double stage solar PV array, 

pico-hydro turbine-driven SyRG and battery based microgrid 

Fig. 5.22 MATLAB model of three phase four wire single stage solar PV array, 

pico-hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid 

Fig. 5.23 

(a-b) 

MATLAB model of three-phase-four-wire double stage solar PV array, 

pico-hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid (a) microgrid model (b) voltage source 

converter model 

Fig. 5.24 Photograph of hardware prototype 

Fig. 5.25 Performance of three phase three wire double stage solar PV array, 

pico-hydro turbine-driven SyRG and battery based microgrid in 

islanded mode under load and solar insolation perturbation 

Fig. 5.26 

(a-b) 

Performance of three phase three wire double stage solar PV array, 

pico-hydro turbine-driven SyRG and battery based microgrid during (a) 

switching mode from SA to Grid connected (b) grid connected mode 

under load and solar insolation perturbation. 

Fig. 5.27 

(a-d) 

Power Quality Indices of three phase three wire double stage solar PV 

array, pico-hydro turbine-driven SyRG and battery based microgrid at 

islanded mode (a) Harmonic spectrum of is (b) Harmonic spectrum of iL 

(c) Harmonic spectrum of vL (d) Harmonic spectrum of ig 

Fig. 5.28 Power Quality Indices of three-phase-three-wire double stage solar PV 
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(a-l) array, pico-hydro turbine-driven SyRG and battery based microgrid in 

islanded mode (a) (vsab, vsbc, vsca) & (isa, isb, isc) of pico-hydro driven 

SyRG (b) Phydro (c) THD of isa (d) THD of vsab (e) Vpv, Ipv (f) Ppv (g) 

(iLa, iLb, iLc) (h) PLt (i) THD of iLa (j) (vvscab, vvscbc, vvscca) & (ivsca, ivscb, 

ivscc) (k) Vb, Ib (l) Pb 

Fig. 5.29 

(a-b) 

Test results of three phase three wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery based microgrid in islanded 

mode (a) iLa, Vdc, iLa and Ib (b) vsab, iLa, isa and ivsca

Fig. 5.30 

(a-b) 

Test results of three phase three-wire double stage solar PV array pico- 

hydro turbine-driven SyRG and battery based microgrid with dynamic 

load (a) vsab, Vdc, iMa and isa (b) vsab, Vdc, iMa and isa

Fig. 5.31 Performance of three-phase three wire single stage solar PV array, pico-

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid in islanded mode under load and solar 

insolation perturbation 

Fig. 5.32 

(a-d) 

Power Quality Indices of three phase three wire single stage solar PV 

array, pico-hydro turbine-driven SyRG and battery with bidirectional 

DC-DC converter based microgrid at Islanded Mode (a) Harmonic 

spectrum of is (b) Harmonic spectrum of iL (c) Harmonic spectrum of 

vL (d) Harmonic spectrum of ig 

Fig. 5.33 

(a-b) 

Performance of three-phase three wire single stage solar PV array, pico-

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid during (a) switching mode from SA to Grid 

connected and (b) grid Connected Mode under load and solar insolation 

perturbation 

Fig. 5.34 

(a-n) 

Power Quality Indices of three phase three wire single stage solar PV 

array, pico-hydro turbine-driven SyRG and battery with bidirectional 

DC-DC converter based microgrid in islanded mode (a) (vsab, vsbc, vsca) 

& (isa, isb, isc) of pico-hydro driven SyRG (b) Phydro (c) THD of isa (d) 

THD of vsab (e) (vvscab, vvscbc, vvscca) & (ivsca, ivscb, ivscc) (f) Pvsc (g) (iLa, 

iLb, iLc) (h) PLt (i) THD of iLa (j) Vpv, Ipv (k) Ppv (l) Vb, Ib (m) Pb (n) 

Solar emulator’s user interface showing Ppv and Ipv versus Vpv, 

performance of MPPT algorithm 

Fig. 5.35 

(a-b) 

Test results of three phase three wire single stage solar PV array, 

picohydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter Based Microgrid in islanded mode (a) isa, isb,isc and iLa (b) Ps,
PL,Pb and Ppv

Fig. 5.36 

(a-d) 

Test results of three phase three wire single stage solar PV array, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid comparative internal signal (a)-(b) Ifa of 

MMSOGI-FLL, ILa, Ifa of SOGI and Ifa of MSOGI-FLL (c) Im of 

MMSOGI-FLL, ILa, Im of SOGI and Im of MSOGI-FLL under load 

connection (d) Im of ILMS, ILa, Im of EPLL and Im of MMSOGI-FLL 
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under load removal. 

Fig. 5.37 

(a-b) 

Performance of three phase three wire double stage solar PV arry, pico- 

hydro turbine-driven SyRG and bidirectional DC-DC converter based 

microgrid during (a) transition from grid to islanded connected mode 

and (b) islanded mode under load and solar insoaltion change condition 

Fig. 5.38 Performance of three phase three wire double stage solar PV arry, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid during switching mode from grid connected 

mode and under load and solar insolation change 

Fig. 5.39 

(a-d) 

Power Quality Indices of three phase three wire double stage solar PV 

array, pico-hydro turbine-driven SyRG and battery with bidirectional 

DC-DC converter based microgrid at Islanded Mode (a) Harmonic 

spectrum of is (b) Harmonic spectrum of iL (c) Harmonic spectrum of 

vL (d) Harmonic spectrum of ig 

Fig. 5.40 

(a-d) 

Power Quality Indices of three phase three wire double stage solar PV 

array, pico-hydro turbine-driven SyRG and bidirectional DC-DC 

converter based microgrid during islanded mode (a) (vsab, vsbc, vsca) & 

(isa, isb, isc) of pico-hydro driven SyRG (b) Phydro (c) THD of isa (d) THD 

of vsab (e) (vvscab, vvscbc, vvscca) & (ivsca, ivscb, ivscc) (f) Pvsc (g) (iLa, iLb, iLc) 

(h) PLt (i) THD of iLa (j) Vpv, Ipv (k) Ppv (l) Vb, Ib (m) Solar emulator’s 

user interface showing Ppv and Ipv versus Vpv, performance of MPPT 

algorithm 

Fig. 5.41 

(a-d) 

Test results of three-phase three wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid in islanded mode (a) vsab, Ib,Vdc and iLa(b) 

vsab, Ib,Vdc and Ipv

Fig. 5.42 

(a-d) 

Test results of three-phase-three-wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid comparative internal signal (a) Ifa of 

3MPLL, Ifa of 3IMPL,ILa (b) ILa, Ifa of LMS, Ifa of 3IMPL and Ifa of 

SOGI 

Fig. 5.43 Performance of three phase four wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery based microgrid during 

islanded mode under load and solar insolation perturbation 

Fig. 5.44 Performance of three phase four wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery based microgrid during grid 

connected mode under load unbalance and solar intensity change 

Fig. 5.45 

(a-d) 

Power Quality Indices of three phase four wire double stage solar PV 

array, pico-hydro turbine-driven SyRG and battery based microgrid at 

islanded mode (a) Harmonic spectrum of is (b) Harmonic spectrum of iL 

(b) Harmonic spectrum of vL(d) Harmonic spectrum of ig 

Fig. 5.46 

(a-d) 

Power Quality Indices of three phase four wire double stage solar PV 

array, pico-hydro turbine-driven  SyRG and  battery based  microgrid 
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during islanded mode (a)-(c) PLa, PLb and PLc (d) THD of load (e)-(g)isn, 
iLn and ivn(h)-(j)Pvsca, Pvscband Pvscc (k) Vb, Ib (l) Pb (m) Ipv, Vpv (n) Ppv 

(o) vsa,isa (p) SyRG power(q)-(r) THD of vsab, isa (s) vsab, vsbc, vsca, isa,isb, 

isc (t) active, reactive and apparaent power of SyRG with power factor 

Fig. 5.47 

(a-b) 

Test results of three phase four wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery based microgrid during 

islanded mode (a) Vdc, Ib, isa & Ipv (b) iLn, isn, iLa and ivn

Fig. 5.48 

(a-b) 

Test results of three-phase-four-wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery based microgrid (a) Ifa of 

ESOGI-FLL-WIF, ILa, Ifa of LMS and Ifa of EPLL at load removal and 

load injection (b) with noise and DC offset 

Fig. 5.49 

(a-b) 

Performance of three phase four wire single stage solar PV array, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid in islanded mode under load unbalance and 

PV insolation change. 

Fig. 5.50 

(a-b) 

Performance of three phase four wire single stage solar PV array pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid during (a) switching mode and grid 

connected mode under load and solar insolation perturbation. 

Fig. 5.51 

(a-d) 

Power Quality Indices of three phase four wire single stage solar PV 

array pico-hydro turbine-driven SyRG and battery with bidirectional 

DC-DC converter based microgrid in islanded mode (a) Harmonic 

spectrum of is (b) Harmonic spectrum of iL. (c) Harmonic spectrum of 

vL. (d) Harmonic spectrum of ig 

Fig. 5.52 

(a-l) 

Power Quality Indices of three-phase-four-wire single stage solar PV 

array, pico-hydro turbine-driven SyRG and battery with bidirectional 

DC-DC converter based microgrid during islanded mode (a) Vb, Ib(b)- 

(d) Pvsc (e)-(g) PL,(h) THD of iLa (i) vsab, vsbc, vsca, isa, isb, isc. (j) THD of 

isa, (k) Solar emulator’s user interface showing Ppv and Ipv versus Vpv, 

performance of MPPT algorithm (l) isn, iLnand ivn

Fig. 5.53 

(a-b) 

Test results of three-phase-three-wire single stage solar PV array, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid during transition from IS to GC mode (a) 

Vdc, isa, vsab& Ipv (b) vsab, iLa, Ib&ivsca

Fig. 5.54 Performance of three phase four wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid in islanded mode under load unbalance 

condition 

Fig. 5.55 Performance of three phase four wire double stage solar PV array pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid in grid connected mode under load 

unbalance and solar insolation variation condition 

Fig. 5.56 Power Quality Indices of three phase four wire single stage solar PV 
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(a-c) array pico-hydro turbine-driven SyRG and battery with bidirectional 

DC-DC converter based microgrid in islanded mode (a) Harmonic 

spectrum of isa (b) Harmonic spectrum of iLa. (c) Harmonic spectrum of 

vL. 

Fig. 5.57 

(a-q) 

Power Quality Indices of three phase four wire double stage solar PV 

array, pico-hydro turbine-driven SyRG and battery with bidirectional 

DC-DC converter based microgrid in islanded mode (a) vsab, isa (b) Ps 

(c)-(d) THD of isa, vsab (e) Ib, Vb (f) Pb (g)-(i) PLc. (j) THD of iL (k)-(m) 

Pvsc (n)-(p) isn, iLn and ivn (q) Vpv, Ipv and Ppv 

Fig. 5.58 

(a-b) 

Test results of three-phase-three-wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid during transition from IS to GC mode (a) 

Vdc, Ib, isa& Ipv (b) vsab, Ib, isa, iLa 

Fig. 5.59 

(a-b) 

Test results of three-phase-four-wire double stage solar PV array, pico- 

hydro turbine-driven SyRG and battery based (a)-(b) Extracted 

fundamental load component for IGI-FLL, SOGI-FLL, d-EPLL and 

SRF-PLL under unbalance load 

Fig. 6.1 Three phase three wire double stage solar PV array and wind-battery 

based microgrid 

Fig. 6.2 Three phase three wire single stage solar PV array and wind-battery 

with bidirectional DC-DC converter based microgrid 

Fig. 6.3 Three phase three wire single double solar PV array and wind-battery 

with bidirectional DC-DC converter based microgrid 

Fig. 6.4 Three phase four wire double stage solar PV array and wind-battery 

based microgrid 

Fig. 6.5 Three phase four single stage solar PV array and wind-battery with 

bidirectional DC-DC converter based microgrid 

Fig. 6.6 Three phase four single stage solar PV array and wind-battery with 

bidirectional DC-DC converter based microgrid 

Fig. 6.7 Block diagram of three phase three wire double stage solar PV array 

and wind-battery based control strategy for islanded and grid 

synchronization unit 

Fig. 6.8 Block diagram of three-phase three-wire double stage solar PV array 

and wind-battery based control strategy for grid connected mode 

Fig. 6.9 Bidirectional DC-DC converter control for three-phase three-wire 

double stage solar PV array and wind-battery based system 

Fig. 6.10 Extended SOGI-FLL for phase angle extraction in three-phase three- 

wire double stage solar PV array and wind-battery-with bidirectional 

DC-DC converter based system 

Fig. 6.11 Block diagram of three-phase three wire double stage solar PV array 

and wind-battery with bidirectional DC-DC converter based control 

strategy for islanded and grid synchronization 

Fig. 6.12 Block diagram of three-phase three-wire double stage solar PV array 
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and wind-battery with bidirectional DC-DC converter based control 

strategy for grid connected mode 

Fig. 6.13 Block diagram of three phase four wire single stage solar PV array and 

wind-battery with bidirectional DC-DC converter based control 

strategy for grid connected mode 

Fig. 6.14 ESOGI-OLCFLL based PLL for three phase four wire double stage 

solar PV array and wind-battery with bidirectional DC-DC converter 

based system 

Fig. 6.15 

(a-d) 

MATLAB model of three phase three wire double stage solar PV array 

and wind battery based microgrid (a) microgrid model (b) voltage 

source converter model (c) double stage solar PV array (d) wind turbine 

driven generator with diode bridge rectifier and boost converter 

Fig. 6.16 

(a-b) 

MATLAB model of three-phase-three-wire single stage solar PV array 

and wind battery with bidirectional DC-DC converter based microgrid 

(a) Single stage solar PV array model (b) voltage source converter 

model 

Fig. 6.17 MATLAB model of three-phase-three-wire double stage solar PV array 

and wind battery with bidirectional DC-DC converter based microgrid 

Fig. 6.18 

(a-b) 

MATLAB model of three-phase-four-wire double stage solar PV and 

wind battery based microgrid (a) microgrid model (b) voltage source 

converter model 

Fig. 6.19 MATLAB model of three phase four wire single stage solar PV array 

and wind battery with bidirectional DC-DC converter based microgrid 

Fig. 6.20 MATLAB model of three phase four wire double stage solar PV array 

and wind battery with bidirectional DC-DC converter based microgrid 

Fig. 6.21 Photograph of hardware prototype 

Fig. 6.22 

(a-b) 

Performance of three-phase three wire double stage solar PV array and 

wind-battery based microgrid during (a) switching mode from 

standalone mode to grid connected mode with load unbalance condition 

(b) grid connected mode during PV insolation and wind speed change 

Fig. 6.23 

(a-c) 

Power Quality Indices of three phase three wire double stage solar PV 

array and wind-battery based microgrid in grid connected mode and 

islanded mode (a) Harmonic spectrum of ig (b)Harmonic spectrum of iL 

(c) Harmonic spectrum of vL. 

Fig. 6.24 

(a-b) 

Performance of three phase three wire double stage solar PV array and 

wind- battery based microgrid in islanded mode under (a) transition 

phase from grid to islanded mode and load unbalance (b) wind speed 

and solar insolation change condition 

Fig. 6.25 

(a-i) 

Power Quality Indices of three-phase-three-wire double stage solar PV 

array and wind-battery based microgrid in islanded mode (a) (vLab, vLbc, 

vLca) & (iLa, iLb, iLc) (b) PL (c) harmonics in iLa (d) (vsab, vsbc, vsca) & 

(ivsca, ivscb, ivscc) (e) Vpmbldc, Ipmbldc (f) Ppmbldc (g) Vb, Ib(h) Pb (i) Vpv, Ipv 
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and Ppv at solar insolation 1000W/m2 

Fig. 6.25 

(a-f) 

Power Quality Indices of three phase three wire double stage solar PV 

array and wind-battery based microgrid in grid connected (a) (vgab, vgbc, 

vgca) & (iga, igb, igc) (b) THD of iga (c) THD of vgab (d) Pgt (e) Vb, Ib (f) Pb 

Fig. 6.26 

(a-b) 

Test results of three phase three-wire double stage solar PV array and 

wind battery based microgrid in islanded mode (a) Ib, Vdc, Ipv and iLa (b) 

Ib, Vdc, Ipv and iLa

Fig. 6.27 

(a-b) 

Test results of three phase three wire double stage solar PV array and 

wind battery based microgrid in islanded mode (a) Ib, Vdc, Ipv and iLa (b) 

Ib, Vdc, Ipv and iLa

Fig. 6.28 

(a-c) 

Test results of three phase three wire double stage solar PV array and 

wind-battery based microgrid during mode transition from islanded to 

grid connected mode and wind speed, solar insolation and load 

perturbation(a) vga/vLa,, iga and iLa(b) Ipv, iLa, iga and Iw (c) Iw, iga, iLa, Ipv

Fig. 6.29 

(a-b) 

Performance of three phase three wire single stage solar PV, wind- 

battery with bidirectional DC-DC converter based microgrid in (a) 

islanded mode under load unbalance condition (b) wind speed and PV 

insolation variation 

Fig. 6.30 

(a-b) 

Performance of three phase three wire single stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid 

during (a) switching mode from SA to Grid connected and load 

unbalance condition (b) Grid Connected Mode under PV insolation and 

wind speed change. 

Fig. 6.31 

(a-c) 

Power Quality Indices of three phase three wire single stage solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid at grid connected mode and islanded mode (a) Harmonic 

spectrum of ig (b)Harmonic spectrum of iL. (c) Harmonic spectrum of 

vL 

Fig. 6.32 

(a-k) 

Power Quality Indices of three-phase three wire single phase solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid in islanded mode (a) (vLab, vLbc, vLca) & (iLa, iLb, iLc) (b) PL (c) 

harmonics in iLa (d) harmonics in vLa (e) Vpmbldc, Ipmbldc (f) Ppmbldc (g) 

Vb, Ib (h) Pb (i) MPPT curve (j) Vpv, Ipv and Ppv at solar insolation 

500W/m2(k) at solar insolation 1000W/m2 

Fig. 6.33 

(a-k) 

Power Quality Indices of three phase three wire single phase solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid in grid connected (a) (vgab, vgbc, vgca) & (iga, igb, igc) (b) Pgt (c) 

THD of iga (d) THD of vgab 

Fig. 6.34 

(a-b) 

Test results of three phase three wire single stage solar PV array and 

wind battery with bidirectional DC-DC converter based microgrid 

during islanded mode (a) Ipv, iLa, Ib and vLa (b) Ib, vLa, Iw and iLa

Fig. 6.35 

(a-b) 

Test results of three phase three wire single stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid 
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during transition from IS to GC mode and grid connected mode (a) vga,
Ib, iga and vLa(b) Iw, iLa, iga and Vdc

Fig. 6.36 

(a-b) 

Performance of three phase three wire double stage solar PV, wind- 

battery with bidirectional DC-DC converter based microgrid during (a) 

load unbalance condition (b) wind speed and PV insolation variation 

Fig. 6.37 

(a-b) 

Performance of three phase three wire double stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid 

during (a) switching mode from SA to Grid connected (b) grid 

connected mode under PV insolation and wind speed change. 

Fig. 6.38 

(a-c) 

Power Quality Indices of three phase three wire double stage solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid in grid connected Mode and islanded mode (a) Harmonic 

spectrum of ig (b)Harmonic spectrum of iL. (c) Harmonic spectrum of 

vL 

Fig. 6.39 

(a-l) 

Power Quality Indices of three phase three wire double stage solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid during islanded mode (a) (vLab, vLbc, vLca) & (iLa, iLb, iLc) (b) 

PL (c) harmonics in iLa (d) harmonics in vLa (e) (vsab, vsbc, vsca) & (ivsca, 

ivscb, ivscc) (f) Pvsc (g) Vpmbldc, Ipmbldc (h) Ppmbldc (i) Vb, Ib (j) Pb (k) Vpv, Ipv 

and Ppv at solar insolation 500W/m2(l) at solar insolation 1000W/m2 

Fig. 6.40 

(a-f) 

Power Quality Indices of three phase three wire double phase solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid in grid connected (a) (vgab, vgbc, vgca) & (iga, igb, igc) (b) THD 

of iga (c) THD of vgab (d) Pgt (e) Vb, Ib (f) Pb 

Fig. 6.41 

(a-b) 

Test results of three phase three wire double stage solar PV array and 

wind battery with bidirectional DC-DC converter based microgrid in 

islanded mode (a) Ipv, iLa, Vdc and Ib(b) Ipv, vLa, Ib and iLa

Fig. 6.42 

(a-b) 

Test results of three-phase-three-wire double stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid in 

grid connected mode (a) Ipv, Ib, iga and Iw(b) Iw, iLa, iga and Ipv

Fig.6.43 

(a-b) 

Performance of three phase four wire double stage solar PV array and 

wind-battery based microgrid during islanded mode under (a) load 

unbalance condition and (b) wind speed and solar insolation change 

Fig.6.44 

(a-c) 

Power Quality Indices of three phase three for double stage solar PV 

array and wind-battery based microgrid at grid connected mode and 

islanded mode (a) Harmonic spectrum of ig (b)Harmonic spectrum of iL 

(c) Harmonic spectrum of vL 

Fig.6.45 

(a-c) 

Power Quality Indices of three phase three for double stage solar PV 

array and wind-battery based microgrid in grid connected mode and 

islanded mode (a) Harmonic spectrum of ig (b)Harmonic spectrum of iL 

(c) Harmonic spectrum of vL 

Fig.6.46 

(a-g) 

Power Quality Indices of three phase four wire wind-battery based 

microgrid during islanded mode (a) (vLa, vLb, vLc) & (iLa, iLb, iLc) (b) PLt 
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(c) THD of iLa (d) THD of vLa (e) Vpv, Ipv , Ppv (f) Vr, Ir (g) Pw 

Fig.6.47 

(a-d) 

Power Quality Indices of three phase four wire wind-battery based 

microgrid in grid mode (a) (vgab, vgbc, vgca) & (iga, igb, igc)(b) THD of vga 

(c) THD of iga (d) Pgt 

Fig.6.48 

(a-b) 

Fig. 6.48 Test results of three phase four wire double stage solar PV 

array and wind-battery based microgrid in islanded mode (a) iLn, Ipv, iLa

and Iw (b) Vdc, iLa, Ib and Vpv

Fig.6.49 

(a-b) 

Test results of three phase four wire double stage solar PV array and 

wind- battery based microgrid in grid connected mode (a) iLa, Iw, Ipv and
iga (b) iLa, Iw, Ipv and iga

Fig.6.50 

(a-b) 

Performance of three phase four wire single stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid 

during switching mode and under load unbalance condition 

Fig.6.51 

(a-b) 

Performance of three phase four wire single stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid 

during (a) switching mode (b) grid connected mode under PV 

insolation and wind speed change. 

Fig.6.52 

(a-c) 

Power Quality Indices of three-phase-four-wire single stage solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid at Islanded Mode (a) Harmonic spectrum of ig (b) Harmonic 

spectrum of iL. (c) Harmonic spectrum of vL 

Fig.6.53 

(a-b) 

Power Quality Indices of three phase four wire single stage solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid during islanded mode (a) (vLa, vLb, vLc) & (iLa, iLb, iLc) (b) 

THD of iLa (c) THD of vLab (d) PLt (e) Pw (f) Vr, Iw (g) Vpv, Ipv, Ppv 

Fig.6.54 

(a-d) 

Power Quality Indices of three-phase-four-wire single stage solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid during grid mode (a) (vgab, vgbc, vgca) & (iga, igb, igc) (b) THD 

of ig (c) THD of vg (d) Pgt 

Fig.6.55 

(a-b) 

Test results of three phase four wire single stage solar PV array and 

wind-battery with bidirectional DC-DC converter Based Microgrid 

during islanded mode (a) Vpv, Vdc, Ib, Iw(b) iLn, iLa, Ipv and Iw

Fig.6.56 

(a-b) 

Test results of three phase four wire single stage solar PV array and 

Wind- battery Based with bidirectional DC-DC converter microgrid in 

grid connected mode (a) iLa, Iw, Ipv and iga (b) iLa, Ipv, Iw and iga

Fig.6.57 Performance of three phase four wire double stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid in 

islanded mode under load unbalance condition 

Fig.6.58 

(a-b) 

Performance of three-phase four wire double stage solar PV array and 

wind-battery with bidirectional DC-DC converter based microgrid 

during (a) transition phase to grid connected mode and load unbalance 

condition (b) solar insolation and wind speed change 

Fig.6.59 Power Quality Indices of three phase four wire double stage solar PV 
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(a-c) array and wind-battery with bidirectional DC-DC converter based 

microgrid in islanded mode (a) Harmonic spectrum of vL (b) Harmonic 

spectrum of iL. (c) Harmonic spectrum of ig 

Fig. 6.60 

(a-g) 

Power Quality Indices of three phase four wire double stage solar PV 

array and wind-battery with bidirectional DC-DC converter based 

microgrid during grid mode (a) (vgab, vgbc, vgca) & (iga, igb, igc) (b) Pgt 

(c)THD of vga (d) THD of iga (e) Vpv, Ipv, Ppv (f) Pw (g) Vr, Iw 

Fig. 6.61 Test results of three phase four wire double stage solar PV array and 

Wind-battery with bidirectional DC-DC converter based microgrid in 

islanded mode iLn, Ipv, iLa and Iw

Fig. 6.62 

(a-b) 

Test results of three phase four wire double stage solar PV array and 

wind- battery with bidirectional DC-DC converter microgrid during 

grid connected mode (a) iLa, Iw, Ib and iga (b) iLa, Ipv, ivn and iLn

Fig. 7.1 Three phase three-wire pico-hydro and wind-battery based microgrid 

Fig. 7.2 Three phase three wire pico-hydro and wind-battery with bidirectional 

DC-DC converter based microgrid 

Fig. 7.3 Three phase four wire pico-hydro and wind-battery based microgrid 

Fig. 7.4 Three phase four pico-hydro and wind-battery with bidirectional DC- 

DC converter based microgrid 

Fig. 7.5 Block diagram of three phase three wire pico-hydro and wind-battery 

based control strategy for islanded and synchronization. 

Fig. 7.6 Block diagram of three phase three wire pico-hydro and wind-battery 

based control strategy for grid connected mode 

Fig. 7.7 Bidirectional DC-DC converter control for three-phase three-wire pico- 

hydro and wind-battery with bidirectional DC-DC converter 

Fig. 7.8 Block diagram of three phase four wire pico-hydro and wind battery 

based control strategy for islanded and synchronization 

Fig. 7.9 Block diagram of three phase four wire pico-hydro and wind-battery 

based control strategy for grid connected mode 

Fig. 7.10 Bidirectional DC-DC converter control for three-phase three-wire pico- 

hydro and wind-battery with bidirectional DC-DC converter 

Fig. 7.11 

(a-c) 

MATLAB model of three phase three wire wind battery based 

microgrid (a) microgrid model (b) voltage source converter model (c) 

wind turbine driven generator with diode bridge rectifier and boost 

converter 

Fig. 7.12 MATLAB model of three phase three wire pico-hydro and wind battery 

with bidirectional DC-DC converter based microgrid 

Fig. 7.13 

(a-b) 

MATLAB model of three phase four wire wind battery based microgrid 

(a) microgrid model (b) voltage source converter model 

Fig. 7.14 MATLAB model of three phase four wire pico-hydro and wind battery 

with bidirectional DC-DC converter based microgrid 

Fig. 7.15 Photograph of hardware prototype 

Fig. 7.16 Performance of three phase three wire pico-hydro and wind-battery 
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based microgrid during switching mode 

Fig. 7.17 

(a-d) 

Power Quality Indices of three phase three wire pico-hydro and wind- 

battery based microgrid in grid connected mode and islanded mode (a) 

Harmonic spectrum of ig (b) Harmonic spectrum of iL (c) 

Harmonic spectrum of vL. (d) Harmonic spectrum of is 

Fig. 7.18 Performance of three phase three wire pico-hydro and wind-battery 

based microgrid during islanded mode under load unbalance and wind 

speed change condition 

Fig. 7.19 

(a-m) 

Power Quality Indices of three-phase-three-wire pico-hydro and wind- 

battery based microgrid in islanded mode (a) (vsab, vsbc, vsca) & (isa, isb, 

isc) of pico-hydro driven SyRG (b) Phydro (c) THD of vsab (d) THD of isa 

(e) Vr, Iw (f) Pw (g) Vb, Ib (h) Pb (i) (vvscab, vvscbc, vvscca) & (ivsca, ivscb, 

ivscc) (j) Qvsc (k) (vLa, vLb, vLc) & (iLa, iLb, iLc) (l) PLt (m) THD of iLa 

Fig. 7.20 

(a-c) 

Power Quality Indices of three phase three wire pico-hydro and wind- 

battery based microgrid in grid connected (a) (vgab, vgbc, vgca) & (iga, igb, 

igc) (b) THD of iga (c) THD of vgab 

Fig. 7.21 

(a-b) 

Test results of three phase three wire pico-hydro and wind battery 

based microgrid during islanded mode (a) isa, ivsc, Iw and iLa (b) Ib, isa, Iw

and iLa

Fig. 7.22 

(a-b) 

Test results of three phase three wire pico-hydro and wind-battery 

based microgrid during mode transition from islanded to grid connected 

mode (a) Ib, isa, iga and iLa(b) vLab, iga, igb and igc

Fig. 7.23 Performance of three phase three wire pico-hydro and wind-battery 

with bidirectional DC-DC converter based microgrid during islanded 

mode under load unbalance condition and wind speed variation 

Fig. 7.24 

(a-b) 

Performance of three phase three wire pico-hydro and wind-battery 

with bidirectional DC-DC converter based microgrid during (a) 

switching mode from SA to Grid connected (b) grid connected mode 

under load unbalance condition and wind speed change 

Fig. 7.25 

(a-d) 

Power Quality Indices of three phase three wire pico-hydro and wind- 

battery with bidirectional DC-DC converter based microgrid in grid 

connected Mode and islanded mode (a) Harmonic spectrum of ig (b) 

Harmonic spectrum of iL. (c) Harmonic spectrum of vL. (d) 

Harmonic spectrum of is 

Fig. 7.26 

(a-m) 

Power Quality Indices of three-phase-three-wire pico- hydro and wind- 

battery with bidirectional DC-DC converter based microgrid during 

islanded mode (a) (vsab, vsbc, vsca) & (isa, isb, isc) of pico-hydro driven 

SyRG (b) Phydro (c) THD of vsab (d) THD of isa (e) Vr, Iw (f) Pw (g) Vb, 

Ib (h) Pb (i) (vvscab, vvscbc, vvscca) & (ivsca, ivscb, ivscc) (j) Qvsc (k) (vLa, vLb, 

vLc) & (iLa, iLb, iLc) (l) PLt (m) THD of iLa 

Fig. 7.27 

(a-c) 

Power quality indices three phase three wire pico-hydro and wind- 

battery with bidirectional DC-DC converter based microgrid in grid 

connected (a) (vgab, vgbc, vgca) & (iga, igb, igc) (b) THD of iga (c) THD of 
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vgab 

Fig. 7.28 

(a-b) 

Test results of three phase three wire pico-hydro and wind battery with 

bidirectional DC-DC converter based microgrid during islanded mode 

(a) Vdc, vsab, Iw and isa (b) Ib, isa, Iw and iLa

Fig. 7.29 

(a-b) 

Test results of three phase three wire pico-hydro and wind-battery with 

bidirectional DC-DC converter based microgrid during transition from 

IS to GC mode and grid connected mode (a) Өg and Өs, iga and vsab(b) 

iLa, iga and vsab

Fig. 7.30 Performance of three phase four wire pico-hydro and wind-battery 

based microgrid in islanded mode under load unbalance condition and 

wind speed change 

Fig. 7.31 Performance of three phase four wire wind-battery based microgrid in 

grid connected mode under load unbalance condition and wind speed 

change 

Fig. 7.32 

(a-d) 

Power Quality Indices of three-phase-four-wire pico-hydro and wind- 

battery based microgrid in islanded mode (a) Harmonic spectrum of is. 

(b) Harmonic spectrum of vL. (c) Harmonic spectrum of iL. (d) 

Harmonic spectrum of ig. 

Fig. 7.33 

(a-n) 

Power Quality Indices of three phase four wire wind-battery based 

microgrid in islanded mode(a) (vsa, vsb, vsc) & (isa, isb, isc) of pico-hydro 

driven SyRG (b) Phydro (c) THD of vsab (d) THD of isa (e) Vr, Iw (f) Pw 

(g) Vb, Ib (h) Pb (i) (vvsca, vvscb, vvscc) & (ivsca, ivscb, ivscc) (j) Qvsc (k) (vLa, 

vLb, vLc) & (iLa, iLb, iLc) (l) PLt (m) THD of iLa (n) THD of vLa 

Fig. 7.34 

(a-b) 

Test results of three phase four wire pico-hydro and wind-battery based 

microgrid in islanded mode (a) iLa, Iw, ivsca and isa (b) vsab, iLa, Iw and isa

Fig. 7.35 

(a-b) 

Test results of three phase four wire pico-hydro and wind-battery based 

microgrid in grid connected mode (a) iLa, Iw, Vdc and iga (b) iLa, Iw, ivn

and iLn

Fig. 7.36 Performance of three phase four wire pico-hydro and wind-battery with 

bidirectional DC-DC converter based microgrid in grid connected mode 

under load unbalance condition and wind speed change 

Fig. 7.37 Performance of three phase four wire pico-hydro and wind-battery with 

bidirectional DC-DC converter based microgrid in islanded mode under 

load unbalance condition and wind speed change 

Fig. 7.38 Power Quality Indices of three phase four wire pico-hydro and wind- 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode (a) Harmonic spectrum of is (a) Harmonic spectrum of vL (b) 

Harmonic spectrum of iL. (c) Harmonic spectrum of ig 

Fig. 7.39 

(a-k) 

Power Quality Indices of three phase four wire pico-hydro and wind- 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode (a) (vsab, vsbc, vsca) & (isa, isb, isc) of pico-hydro driven SyRG (b) 

Phydro (c) THD of vsab (d) THD of isa (e) Vr, Iw (f) Pw (g) (vvscab, vvscbc, 

vvscca) & (ivsca, ivscb, ivscc) (h) Qvsc (i) (vLa, vLb, vLc) & (iLa, iLb, iLc) (j) PLt 
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(k) THD of iLa 

Fig. 7.40 

(a-b) 

Test results of three phase four wire pico-hydro and wind-battery with 

bidirectional DC-DC converter based microgrid in islanded mode (a) 

iLa, Iw, vsab and isa (b) iLa, vsab, isa and Iw

Fig. 7.41 

(a-b) 

Test results of three phase four wire pico-hydro and wind-battery with 

bidirectional DC-DC converter based microgrid in islanded mode (a) 

iLa, Iw, vsab and isa (b) iLa, vsab, isa and Iw

Fig. 7.42 

(a-b) 

Test results of three phase four wire pico-hydro and wind- battery 

based with bidirectional DC-DC converter microgrid in grid connected 

mode (a) iLa, Iw, Vdc and iga (b) iLa, Iw, Vdc and iga

Fig. 8.1 Three phase three wire double stage solar PV, wind driven PMBLDCG, 

pico-hydro turbine-driven SyRG and battery based microgrid 

Fig. 8.2 Three phase three wire single stage solar PV, wind turbine driven 

PMBLDCG, pico-hydro turbine-driven SyRG and battery with 

bidirectional DC-DC converter based microgrid 

Fig. 8.3 Three phase three wire double stage solar PV, wind turbine driven 

PMBLDCG, pico-hydro turbine-driven SyRG and battery with 

bidirectional DC-DC converter based microgrid 

Fig. 8.4 Three phase four wire double stage solar  PV, wind turbine driven 

PMBLDCG, pico-hydro turbine-driven SyRG and battery based 

microgrid 

Fig. 8.5 Three phase four wire single stage solar PV, wind turbine driven 

PMBLDCG, pico-hydro turbine-driven SyRG and battery with 

bidirectional DC-DC converter based microgrid 

Fig. 8.6 Three phase four wire double stage solar PV, wind-turbine driven 

PMBLDCG, pico-hydro turbine-driven SyRG and battery with 

bidirectional DC-DC converter based microgrid 

Fig. 8.7 Block diagram of three phase three wire double stage solar PV, pico- 

hydro and wind- battery based control strategy for islanded and 

grid/DG set synchronization 

Fig. 8.8 Block diagram of three phase three wire double stage solar PV, pico- 

hydro and wind-battery based control strategy for grid/DG set 

connected mode 

Fig. 8.9 Bidirectional DC-DC converter control for three phase three wire single 

stage solar PV, pico-hydro and wind-battery with bidirectional based 

microgrid 

Fig. 8.10 Block diagram of three phase three wire double stage solar PV, pico- 

hydro and wind-battery with bidirectional DC-DC converter based 

control strategy for islanded and grid/DG set synchronization 

Fig. 8.11 Block diagram of three phase three wire double stage solar PV, pico- 

hydro and wind-battery with bidirectional DC-DC converter based 

control strategy for grid/DG set connected mode 
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Fig. 8.12 Block diagram of three phase four wire double stage solar PV, pico- 

hydro and wind-battery control strategy for islanded and grid/DG set 

synchronization unit 

Fig. 8.13 Block diagram of three phase four wire double stage solar PV, pico- 

hydro and wind-battery based control strategy for grid/DG set 

connected mode 

Fig. 8.14 

(a-b) 

Three phase four wire single stage solar PV, pico-hydro and wind- 

battery with bidirectional DC-DC converter (a) Bidirectional DC-DC 

converter control (b) Flow chart of power management system 

Fig. 8.15 Block diagram of three phase four wire double stage solar PV, pico- 

hydro and wind-battery with bidirectional DC-DC converter based 

control strategy for islanded and grid/ DG set synchronization 

Fig. 8.16 Block diagram of three phase four wire double stage solar PV, pico- 

hydro and wind-battery with bidirectional DC-DC converter based 

control strategy for grid/DG set connected mode 

Fig. 8.17 

(a-d) 

MATLAB model of three phase three wire double stage solar PV array, 

wind turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery based microgrid (a) microgrid model (b) voltage source 

converter model (c) solar PV array model (d) wind model 

Fig. 8.18 

(a-b) 

MATLAB model of three phase three wire single stage solar PV array, 

wind turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid (a) voltage 

source converter model (b) solar PV array model 

Fig. 8.19 MATLAB model of three phase three wire double stage solar PV array, 

wind turbine driven PMBLDCG pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid 

Fig. 8.20 

(a-b) 

MATLAB model of three phase three wire double stage solar PV array, 

wind turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery based microgrid (a) microgrid model (b) VSC model 

Fig. 8.21 MATLAB model of three phase four wire single stage solar PV array, 

wind turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid 

Fig. 8.22 

(a-b) 

MATLAB model of three phase four wire double stage solar PV array, 

wind turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid (a) 

microgrid model (b) voltage source converter model 

Fig. 8.23 Photograph of hardware prototype 

Fig. 8.24 Performance of three phase three wire double stage solar PV array, 

wind turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery based microgrid in islanded mode under load unbalance 

condition 

Fig. 8.25 Performance of three phase three wire double stage solar PV array, 

wind turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 
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battery based microgrid during switching mode from SA to Grid 

connected mode 

Fig. 8.26 

(a-s) 

Power Quality Indices of three phase three wire double stage solar PV 

array, pico-hydro turbine-driven SyRG, wind turbine driven 

PMBLDCG and battery based microgrid in islanded mode and grid 

connected mode (a) Vr, Iw (b) Pw (c) Vb, Ib (d) Pb (e)-(f) Vpv, Ipv and Ppv 

at 1000W/m2 and 500W/m2 (g) (vsab, vsbc, vsca) & (isa, isb, isc) of pico- 

hydro driven SyRG (h) Phydro (i) THD of vsab (j) THD of isa (k) (vvscab, 

vvscbc, vvscca) & (ivsca, ivscb, ivscc) (l) Qvsc (m) (iLa, iLb, iLc) (n) PLt (o) THD 

of iLa (p) (vsab, vsbc, vsca) & (isa, isb, isc) (q) Pg (r)THD of vgab (s) THD of 

iga 

Fig. 8.27 

(a-b) 

Test results of three phase three wire double stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery based microgrid in islanded mode (a) Ipv, iLa, isa and Ib (b) Iw,
Vdc, vsab and Ib

Fig. 8.28 

(a-b) 

Test results of three phase three wire double stage solar PV array pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery based microgrid in grid connected mode (a)-(b) iga, Ib, isa and iLa

Fig. 8.29 Performance of three phase three wire single stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode under solar insolation and wind speed perturbation 

Fig. 8.30 Performance of three phase three wire single stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid during 

switching mode from SA to Grid connected and grid connected mode 

under solar insolation and wind speed change 

Fig. 8.31 

(a-u) 

Power Quality Indices of three phase three wire single stage solar PV 

array, pico-hydro turbine-driven SyRG, wind turbine driven 

PMBLDCG and battery with bidirectional DC-DC converter based 

microgrid during islanded mode (a) (vsab, vsbc, vsca) & (isa, isb, isc) of 

pico-hydro driven SyRG (b) THD of vsab(c) THD of isa (d) Phydro (e) 

(iLa, iLb, iLc) (f) PLt (g) THD of iLa (h) (vsab, vsbc, vsca) & (ivsca, ivscb, ivscc) 

(i) Pvsct (j)&(k)  Ppv at solar  insolation 500W/m2 and 1000W/m2 (l) 

MPPT characteristics (m) Pwac (n) Vwac, Iwac (o) Pw (p) Vb, Ib (q) Pb (r) 

(vgab, vgbc, vgca) & (iga, igb, igc) (s) Pg (t)THD of vgab (u) THD of iga 

Fig. 8.32 

(a-b) 

Test results of three phase three wire single stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode (a) Vpv, Vdc, Ipv and Ib (b) iLa, ivsca, ivscb and ivscc.

Fig. 8.33 

(a-b) 

Test results of three phase three wire single stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid in grid 
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connected mode (a) vsab, θL, θg, iga (b) iLa, X, Vtmg, iga 

Fig. 8.34 Performance of three phase three wire double stage solar PV arry, wind 

turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode under solar insolation change and wind speed change condition 

Fig. 8.35 Performance of three phase three wire double stage solar PV array, 

pico-hydro turbine-driven SyRG and battery with bidirectional DC-DC 

converter based microgrid in grid connected mode under load and solar 

insolation change 

Fig. 8.36 

(a-m) 

Power Quality Indices of three phase three wire double stage solar PV 

array, wind turbine driven PMBLDCG, pico-hydro turbine-driven 

SyRG and battery with bidirectional DC-DC converter based microgrid 

in islanded mode and grid connected mode (a) (vsab, vsbc, vsca) & (isa, isb, 

isc) of SyRG (b) THD of isa (c) Ph (d) (iLa, iLb, iLc) (e) PLt (f) THD of iLa 

(g) Ppv (h) Pw (i)Pb (j) (vgab, vgbc, vgca) & (iga, isb, igc) (k) Pg (l) THD of 

vgab (m) THD of iga 

Fig. 8.37 

(a-b) 

Test results of three phase three wire double stage solar PV array, wind 

turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode (a) Ppv, Ph, Pb, Pw(b) Ppv, Ph, Pb and Pw.

Fig. 8.38 

(a-b) 

Test results of three phase three wire double stage solar PV array, wind 

turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid in grid 

connected mode (a) iLa, Ib, Vtmg, iga(b) iLa, X, vsab, iga 

Fig. 8.39 Performance of three phase four wire double stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery based microgrid during switching mode from grid connected 

mode to islanded mode. 

Fig. 8.40 Performance of three-phase-four-wire double stage solar PV array, 

pico-hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery based microgrid during switching mode from islanded to grid 

connected mode. 

Fig. 8.41 

(a-n) 

Power Quality Indices of three phase four wire double stage solar PV 

array, pico-hydro turbine-driven SyRG, wind turbine driven 

PMBLDCG and battery based microgrid during islanded mode and DG 

connected mode (a) (vsa, vsb, vsc) &(isa, isb, isc, isn) (b) Phydro (c) THD of 

isa (d) (iLa, iLb, iLc, iLn) (e) PLt(f) THD of iLa (g) ivsca, ivscb ivscc, and ivscn

(h)Pvsct(i) Ppv& MPPT characteristics (j) Vr, Iw (k) Pb under steady state 

condition (l) (vdga, vdgb, vdgc) &(idga, idgb, idgc, idgn) (m) Pdgt (n) THD of 

idga

Fig. 8.42 

(a-b) 

Test results of three phase four wire double stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 
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battery based microgrid in islanded mode (a) Ib, isa, Ipv, iLa (b) Iw, isa, Ib, 

iLa 

Fig. 8.43 

(a-b) 

Test results of three phase four wire double stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery based microgrid in DG connected mode (a)-(b) ivsca, isa, Ib, iLa 

Fig. 8.44 Performance of three phase four wire single stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode under  load unbalance, PV insolation change  and wind speed 

change 

Fig. 8.45 Performance of three phase four wire single stage solar PV array pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid in grid 

connected mode under load, wind speed change and solar insolation 

perturbation 

Fig. 8.46 

(a-m) 

Power Quality Indices of three phase four wire single stage solar PV 

array, win pico-hydro turbine-driven SyRG and battery with 

bidirectional DC-DC converter based microgrid in islanded mode and 

DG connected mode (a) Vr, Iw (b) Pw (c) Vpv, Ipv and Ppv with MPPT 

characteristics (d) (vsa, vsb, vsc) &(isa, isb, isc, isn) (e) Phydro (f) THD of isa

(g) THD of ivsab (h) (iLa, iLb, iLc, iLn) (i) PLt(j) THD of iLa(k) (vdga, vdgb, 

vdgc) &(idga, idgb, idgc, idgn) (l) Pdgt (m) THD of idga.

Fig. 8.47 

(a-b) 

Test results of three phase four wire single stage solar PV array, pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode (a)-(b) Ipv, Ib, Iw, isa 

Fig. 8.48 

(a-b) 

Test results of three phase four wire single stage solar PV array, wind 

turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid in DG 

connected mode (a)-(b) ivsca, iLa, isa, Ib 

Fig. 8.49 Performance of three phase four wire double stage solar PV array, wind 

turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid in islanded 

mode under load unbalance condition, wind speed change and solar 

intensity change 

Fig. 8.50 Performance of three phase four wire double stage solar PV array pico- 

hydro turbine-driven SyRG, wind turbine driven PMBLDCG and 

battery with bidirectional DC-DC converter based microgrid in grid 

connected mode under load unbalance, wind speed change and solar 

insolation variation condition 

Fig. 8.51 

(a-p) 

Power quality indices of three-phase-four-wire double stage solar PV 

array, wind turbine driven PMBLDCG, pico-hydro turbine-driven 

SyRG and battery with bidirectional DC-DC converter based microgrid 
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in islanded and DG set connected mode (a) (vsa, vsb, vsc), (isa, isb, isc), isn 

of pico-hydro driven SyRG (b) THD of isa (c) Phydro (d) (iLa, iLb, iLc),iLn 

(e) PLt (f) THD of iLa (g) vvsca, ivsca, ivn(h)Qvsct (i)Vb, Ib (j) Pb (k) Ppv (l) 

vpmbldc, ipmbldc (m) Pdcwind (n) (vdga, vdgb, vdgc), (idga, idgb, idgc), (o) THD of 

idga (p) Pdg

Fig. 8.52 

(a-b) 

Test results of three phase three wire double stage solar PV array, wind 

turbine driven PMBLDCG, pico-hydro turbine-driven SyRG and 

battery with bidirectional DC-DC converter based microgrid during 

transition from IS to GC mode (a) Vpv, isa, Ipv, Ib(b) Vdc, vsab, iw, Ib 

Fig. 8.53 

(a-b) 

Test results of three phase four wire double stage solar PV array, wind 

turbine driven PMBL,DCG pico-hydro turbine-driven SyRG and 

battery based microgrid in DG connected mode (a)-(b) ivsca, Ib, iLa, idga 
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Iber Error of Reference Battery Current 

ida
*, idb

*, idc
* Reference DG Currents 

ida, idb, idc Sensed DG Current Values 

idae, idbe, idce DG Current Error Signals 

Idg Net Active DG Current 

Idgavg Average Fundamental DG Active Current Component 

idn DG Sensed Neutral Current 

idn* DG Reference Neutral Current 

ifa Fundamental Load Current Component  

ifabc Three Phase In-Phase Fundamental Load Current Component 

Ifp Frequency Based Loss Component 

Ig* Total Load Current Fundamental Component 

iga
*, igb

*, igc
* Grid Reference Currents 

iga, igb, igc Grid Current Sensed Values 



lxi 
 

igae, igbe, igce Grid Current Error Signals 

ign Grid Sensed Neutral Current 

ign* Reference Grid Neutral Current 

iLa*, iLb*, iLc* Reference VSC Currents 

iLa, iLb, and iLc Sensed VSC Currents 

iLa, iLb, iLc Sense the Load Currents 

ILfa, ILfb, ILfb Active Components (Grid mode) 

ILpa Active Power Component of Phase a 

ILpavg Fundamental Active Load Current Component Average Output 

ILpb Active Power Component of Phase b 

ILpc Active Power Component of Phase c 

ILqa Reactive Power Component of Phase a 

ILqavg Average Value of Fundamental Reactive Load Current 

ILqb Reactive Power Component of Phase b 

ILqc Reactive Power Component of Phase c 

Im Magnitude of the Fundamental Current Estimated 

Impp MPP Current of PV 

Ipnet Net Fundamental Component of Active Current 

Ipt PI controller based Frequency Regulator Output 

Ipv PV Current 

Ipvf PV Power Feed-Forward Term 

Iqnet Net Fundamental Reactive Current 

Iqt PI controller based volatge regulator output 

Ir Wind Current 

isa
*, isb

*, isc
* Reference Value of Currents 

isa, isb, isc Sensed Value of Currents 

isae, isbe, isce Current Error Signals 

Iscpv Short Circuit Current of PV 

isn Sensed Source Neutral Current 

isn* Reference Source Neutral Current 

ispa
*,ispb

*,ispc
* In Phase Reference Source Currents 

isqa
*,isqb

*,isqc
* Quadrature Reference Source Currents 

Ivmax,peak Peak Maximum VSC Current 

Ivq Output of Voltage PID Controller 



lxii 
 

Ivsc VSC Current Rating 

Iwf Wind Power Feed-Forward Term 

kl Voltage Ripple 

Lb PV Boost Inductor 

Ld Direct Axis Inductance 

Ldc Inductor in BDC 

Lf Value of the Interfacing Inductor 

Lo Wind inductor value 

Lq Quadrature Axis Inductance 

m Modulation Index 

P Load on the Battery 

PDGmax,PDGmin Maximum and Minimum Diesel Generator Power Limits 

Pi Instantaneous Power 

Pmpp MPP Power of PV 

Pw Wind Power Generated 

qifabc Three Phase Quadrature Fundamental Load Current Component 

Rf Resistance of Ripple Filter 

Tc Temperature Correction Factor 

tr Time of Recovery 

Ts Switching Time 

uapd, ubgd, ucgd In-Phase Unit Templates in DG Connected Mode 

uapg, ubgs, ucgs In-Phase Unit Templates in Grid Connected Mode 

uaps, ubps, ucps In-Phase Unit Templates in Islanded Mode 

uaqs, ubqs, ucqs Quadrature Unit Templates in Islanded Mode 

VAVSC VA Rating of the VSC 

Vb Battery Voltage 

vdab, vdbc Sense DG Voltages 

Vdc DC link Voltage 

Vdcmin Minimum DC link Voltage 

Vdcref DC link Reference PV Volatge 

vea, veb, vec Error Signals 

vg Rating of AC side voltage (line) 

vgab, vgbc, vgca Sense Grid Voltages 

vLa
*, vLb

*, vLc
* Reference Three-Phase Voltage 



lxiii 
 

vLa, vLb, vLc Sensed Three Phase Voltage 

vLab, vLbc Sense Load Voltage 

Vmin Minimum AC Side Voltage 

Vmpp MPP Volatge of PV 

Vocpv Open Circuit Voltage of PV 

Vpv PV Volatge 

Vr Wind Voltage  

Vtm AC Supply Voltages 

Vtm
* Reference Voltage 

Vtmg Terminal Voltage of the Grid 

Vvsc Voltage Rating of the device (IGBT switch) 

w(k), w(k-1), Δw New, Old and Change in DC-link Reference PV Voltages 

Xd. Direct Axis Reactance 

ΔIL Ripple Current in BDC 

ΔIo Current Ripple at Rated Wind Speed 

ΔIrms Allowable Current Ripple 

Δθ Synchronization PI Controller Output 

Δωn Change in Frequency 

η Efficiency of the Battery 

θe Phase Angle Difference Betweem Grid Voltage and Load 

Volatge 

θg Phase Angle of Grid Voltage 

θL Phase Angle of Load Voltage 

θnew Modified Phase Angle 

λ Multiplication Factor 

ωc Frequency Updated 

ωe Frequency Error 

ωf
* Updated Reference Frequency 

ωff Additional Frequency 

ωL Sensed Frequency 

ωL* Reference Frequency 

ωn Fundamental Frequency 

ωnew New Frequency Deviation Component 

ωref Reference Frequency 

 


