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ABSTRACT 

There are still many villages in India, which are not yet electrified and the residents of those 

villages are not getting the electricity even for the lighting loads. This is due to the fact that 

commissioning new transmission lines to those places are very difficult and costly too. Therefore, 

one comes up with next obvious solution that the renewable energy sources such as solar PV array, 

wind energy and hydro as the best option for the electrification. However, each of the renewable 

energy source has their own limitations. For example, the solar PV array generation is not available 

in night, when it is most needed. The wind energy generation is also uncertain due to the varying 

wind speeds. On the contrary, the hydro based power generation is always available, however, the 

large land mass requirement, huge initial investment and their suitability for only hilly areas are 

the limiting factors for the rural electrification.  

To solve the aforementioned problems and to ensure the electricity to the far flung homes, in this 

thesis, a number of configurations of microgrids are designed for integrating the renewable sources 

such as solar, wind and hydro, storage battery, the grid and DG (Diesel Generator) set. These 

configurations are segregated on the basis of number of energy sources, and configurations of 

every energy sources in the microgrid. Moreover, the application of these microgrids (farming, 

lighting, small industries or critical loads such as hospitals), and types of loads (single phase, three 

phase and dynamic loads etc.), are also considered for designing the microgrid. For example, the 

pico-hydro in conjunction with solar, wind and battery based configurations are presented for the 

areas where canal small tributaries or the river are available. Therefore, the proposed 

configurations solve the huge space and massive investment requirement of the hydro generator. 

Moreover, due to the continuous power generation using the pico-hydro generator, the proposed 

microgrid configurations ensure that the base load always gets supply, which means the proposed 
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microgrid configurations solve the problem of complete black out in night when the solar power 

and wind generation are not available. Moreover, with the use of storage battery and the 

coordinated control, the proposed model also solves the problem of intermittent renewable 

generation. Few configurations are also dedicated to operate the microgrid without storage battery 

yet supplying power to the loads instead of completely shutting down the microgrid under fault in 

the battery. Similarly, for ensuring the continuous supply to the critical loads such as hospitals, 

some microgrid configurations have used DG set, despite knowing the fact that the DG set does 

not use the power from the clean sources of energy. However, it is guaranteed through the control 

and the storage battery that the DG set is always utilized optimally by operating into the fuel 

efficient zone irrespective of the variation in the load demand.  

Apart from various configurations of the microgrids, the control of the microgrid is also designed 

to operate in multimode such as islanded, grid connected and DG (Diesel Generator) set connected 

mode, so that the utilization of energy source increases and the probability of continuous supply 

to the loads increases. Another major contribution in this thesis is that, only a single voltage source 

converter is controlled for achieving various tasks such as delivering continuous power to the 

loads, injecting the surplus renewable generation into the grid, voltage and frequency regulation 

at PCC (in islanded and DG set connected modes), compensating the harmonics current demand 

of nonlinear loads and dynamic reactive power demand of the dynamic loads (Induction Motor), 

and maintaining the active power balance during the disturbances using the storage battery and the 

voltage sources converter. Therefore, the VSC control should be fast and robust, which contributes 

to achieve the above mentioned tasks.  

Hence, in this thesis, various robust and fast VSC control algorithms are implemented. The 

presented algorithms offer DC-offset rejection, fast convergence and low steady state oscillations 
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for fast tracking of reference signals. In these designed microgrids, the control requires the local 

parameters such as PCC voltages, load currents, grid currents, PV voltage and current, to monitor 

the status of generation and loads. According to the situation of the real parameters, the controller 

takes the decision and controls the power flow within the microgrid. 
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साराांश 

भारत में अभी भी कई गााँव ऐसे हैं, जो अभी तक ववद्युतीकृत नही ीं हैं और उन गााँवोीं के वनवावसयोीं को प्रकाश के भार के 

विए भी विजिी नही ीं वमि रही है। यह इस तथ्य के कारण है वक उन स्थानोीं पर नई ट्ाींसवमशन िाइनोीं को चािू करना 

िहुत मुश्किि है और महींगा भी है। इसविए, अक्षय ऊजाा स्रोत जैसे वक सौर ऊजाा, पवन ऊजाा और पनविजिी 

ववद्युतीकरण के विए सिसे अच्छा ववकल्प है। हािाींवक, अक्षय ऊजाा स्रोत में से प्रते्यक की अपनी सीमाएीं  हैं। उदाहरण 

के विए, सौर ऊजाा  रात में उपिब्ध नही ीं होती है, जिवक इसकी सिसे अविक आवश्यकता उस समय होती है।अिग-

अिग हवा की गवत के कारण पवन ऊजाा उत्पादन भी अवनवित है। इसके ववपरीत, पनविजिी पर आिाररत विजिी 

उत्पादन हमेशा उपिब्ध होता है, हािाींवक, िडे पैमाने पर भूवम की आवश्यकता, ववशाि प्रारीं वभक वनवेश और केवि 

पहाडी के्षत्ोीं के विए उनकी उपयुक्तता ग्रामीण ववद्युतीकरण के विए सीवमत कारक हैं।  

उपरोक्त समस्याओीं को हि करने के विए और दूर दराज के घरोीं में विजिी सुवनवित करने के विए, इस शोि-प्रिन्ध 

में, सौर, पवन और जि, जैसे अक्षय ऊजाा स्रोतोीं को एकीकृत करके, माइक्रोवग्रड के कई ववन्यास वडजाइन वकए गए 

हैं, वजसमे भींडारण िैटरी, वग्रड और डीजी (डीजि) जनरेटर सेट भी एकीकृत वकये गये हैं। इन माइक्रोवग्रड के ववन्यासोीं 

को ऊजाा स्रोतोीं की सींख्या के आिार पर और  हर ऊजाा स्रोतोीं के ववन्यासोीं के आिार पर अिग वकया जाता है। इसके 

अिावा, इन माइक्रोवग्रड्स के अनुप्रयोग ( जैसे , खेती, प्रकाश, छोटे उद्योग या अस्पताि जैसे महत्वपूणा भार), और 

िोड के प्रकार (एकि चरण, तीन चरण और गवतशीि भार आवद) को माइक्रोवग्रड वडजाइन करने के विए माना जाता 

है। उदाहरण के विए, सौर, पवन और िैटरी आिाररत ववन्यास के साथ वपको-हाइड्ो उन के्षत्ोीं के विए प्रसु्तत वकया जाता 

है जहाीं नहर की छोटी सहायक नवदयााँ या नदी उपिब्ध हैं। इसविए, प्रस्ताववत कॉश्कफ़िगरेशन हाइड्ो जनरेटर के ववशाि 

स्थान और िडे पैमाने पर वनवेश की आवश्यकता को हि करते हैं। इसके अिावा, वपको-हाइड्ो जनरेटर का उपयोग 

करने वािी वनरींतर विजिी उत्पादन के कारण, प्रस्ताववत माइक्रोवग्रड कॉश्कफ़िगरेशन यह सुवनवित करता है वक आिार 

िोड हमेशा पूवता प्राप्त करे, वजसका अथा है वक प्रस्ताववत माइक्रोवग्रड कॉश्कफ़िगरेशन सौर शश्कक्त, पवन और वपको-हाइड्ो 

जनरेटर से विजिी उत्पादन करके रात में पूणा बै्लक आउट की समस्या को हि करते हैं।  
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इसके अिावा, भींडारण िैटरी और समश्कित वनयींत्ण के उपयोग के साथ, प्रस्ताववत मॉडि भी आींतरावयक अक्षय ऊजाा 

की समस्या को हि करता है। कुछ कॉश्कफ़िगरेशन स्टोरेज िैटरी के विना माइक्रोवग्रड को सींचावित करने के विए समवपात 

हैं। इसी तरह, अस्पतािोीं जैसे महत्वपूणा भार को वनरींतर पूवता सुवनवित करने के विए, कुछ माइक्रोवग्रड कॉश्कफ़िगरेशन 

ने डीजी सेट का उपयोग वकया है, इस तथ्य को जानने के िावजूद वक डीजी सेट ऊजाा के स्वच्छ स्रोतोीं से विजिी का 

उपयोग नही ीं करता है। हािाींवक, वनयींत्ण और स्टोरेज िैटरी के माध्यम से इसकी गारींटी दी जाती है वक डीजी 

सेट हमेशा िोड वडमाींड में वभन्नता के िावजूद ईींिन कुशि के्षत् में काम करके िेहतर रूप से उपयोग वकया 

जाता है। माइक्रोवग्रड्स के वववभन्न ववन्यासोीं के अिावा, माइक्रोवग्रड का वनयींत्ण भी मल्टीमोड में सींचावित 

करने के विए वडजाइन वकया गया है जैसे वक स्टैंडअिोन, वग्रड कनेके्टड और डीजी (डीजि जेनरेटर) सेट, 

तावक ऊजाा स्रोत का उपयोग िढे और वनरींतर पूवता की सींभावना िढे।  

इस शोि-प्रिन्ध में एक अन्य प्रमुख योगदान यह है वक, केवि एक ही वोले्टज स्रोत कनवटार को वववभन्न कायों 

को प्राप्त करने के विए वनयींवत्त वकया जाता है जैसे वक िोड पर वनरींतर विजिी पहुींचाना, अविशेष अक्षय 

ऊजाा को वग्रड में इींजेक्ट करना, पीसीसी वोले्टज और आवृवि (स्टैंडअिोन और डीजी में) वनयमन करना, 

नॉनिाइनर िोड्स के डायनावमक्स और डायनेवमक िोड्स (इींडक्शन मोटर) की डायनावमक ररएश्कक्टव पॉवर 

वडमाींड की भरपाई, और स्टोरेज िैटरी और वोले्टज सोसा कनवटार का उपयोग करके गडिडी के दौरान 

सवक्रय पावर िैिेंस िनाए रखना। इसविए, वीएससी वनयींत्ण तेज और मजिूत होना चावहए, जो उपरोक्त 

कायों को प्राप्त करने में योगदान देता है। इसविए, इस शोि-प्रिन्ध में, वववभन्न मजिूत और तेज वीएससी 

वनयींत्ण एल्गोररदम िागू वकए जाते हैं। प्रसु्तत एल्गोररदम सींदभा सींकेतोीं के तेजी से टै्वकीं ग के विए डीसी-

ऑफसेट अस्वीकृवत, तेजी से अवभसरण और कम श्कस्थर राज्य दोिन प्रदान करते हैं। इन वडजाइन वकए गए 

माइक्रोवग्रड्स में, वनयींत्ण के विए पीसीसी वोले्टज, िोड िाराओीं, वग्रड िाराओीं, पीवी वोले्टज और िारा जैसे 

स्थानीय मापदींडोीं की आवश्यकता होती है, तावक ववद्युत शश्कक्त और भार की श्कस्थवत की वनगरानी की जा 
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सके। वास्तववक मापदींडोीं की श्कस्थवत के अनुसार, वनयींत्क वनणाय िेता है और माइक्रोवग्रड के भीतर ववद्युत 

प्रवाह को वनयींवत्त करता है। 
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Fig. 4.98 

(a)-(b) 

Test results of TPTWSSSBB based microgrid for under load unbalanced and solar 

irradiance change in grid connected mode (a) ig,iL, Ipv and iv (b) ig,Vdc, iv and Ipv.  

Fig. 4.99 

(a)-(b) 

Test results of TPTWSSSBB based microgrid for under load unbalanced and solar 

irradiance change in islanded mode (a) vL,iL, Ipv and Ib (b) vL,iL, Ib and Ipv.  

Fig. 4.100  Performance of TPFWSSSBB based microgrid during mode transition from 

islanded to grid connected mode.  

Fig. 4.101 

(a)-(c) 

Power quality indices of TPFWSSSBB based microgrid in islanded and grid 

connected mode (a) THD of ig (b) THD of vL and (c) THD of iL.  

Fig. 4.102 

(a)-(d) 

Performance of TPFWSSSBB based microgrid for under (a)-(b) load unbalanced 

and solar irradiance change in islanded mode (c)-(d) load unbalanced and solar 

irradiance change in grid connected mode.  

Fig. 4.103 

(a)-(f) 

Test results of TPFWSSSBB based microgrid for power quality indices in grid 

connected mode (a) vg and ig (b) THD of ig (c) vg and iL (d) THD of iL (e) vg and iv 

(f) MPPT curve 

Fig. 4.104 

(a)-(b) 

Test results of TPFWSSSBB based microgrid for power quality indices in DG set 

connected mode (a) vg and is (b) THD of is 

Fig. 4.105 

(a)-(b) 

Test results of TPFWSSSBB based microgrid for under load unbalanced and solar 

irradiance change in DG set connected mode (a) vL,iL, Ipv and Ib (b) vL,iL, Ib and Ipv. 

Fig. 4.106 

(a)-(b) 

Test results of TPFWSSSBB based microgrid for under load unbalanced and solar 

irradiance change in grid connected mode (a) vL,iL, Ipv and Ib (b) vL,iL, Ib and Ipv. 
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Fig. 4.107 Simulated performance of TPTWDSSBB based microgrid during mode transition 

from islanded to grid connected mode.  

Fig. 4.108 

(a)-(c) 

Power quality indices of TPTWDSSBB based microgrid in islanded and grid 

connected mode (a) THD of ig  (b) THD of vL and (c) THD of iL.  

Fig. 4.109 

(a)-(b) 

Simulation results of TPTWDSSBB based microgrid for under load unbalanced and 

solar irradiance change in grid connected mode (a) and (b) unbalanced load 

condition and solar power variation in islanded mode (b) unbalanced load condition 

and solar power variation in grid connected mode.  

Fig. 4.110 

(a)-(b) 

Performance of TPTWDSSBB based microgrid during mode of switching (a) vL,vg, 

ig, Ib (b) ig, fs, iL, X. 

Fig. 4.111 

(a)-(e) 

Test results of TPTWDSSBB based microgrid power quality indices (a) vL and ig 

(d) THD of ig (e) vL and iL (f) THD of iL (e) solar MPPT curve. 

Fig. 4.112 

(a)-(c) 

Test results of TPTWDSSBB based microgrid for under load unbalanced and solar 

irradiance change in grid connected mode (a) Pg,PL,Ppv and Pb (b) ig,iL, Ipv and Ib 

(c) ivsc,iL, Ipv and Ib.  

Fig. 4.113 

(a)-(b) 

Test results of TPTWDSSBB based microgrid for under load unbalanced and solar 

irradiance change in islanded mode (a) Vdc,iL,Ipv and Ib (b) vL,iL, Ipv and Ib.  

Fig. 4.114  Simulation performance of TPFWDSSBB based microgrid during mode transition 

from islanded to grid connected mode. 

Fig. 4.115 

(a)-(c) 

Power quality indices of TPFWDSSBB based microgrid in islanded and grid 

connected mode (a) THD of ig (b) THD of vL and (c) THD of iL.  

Fig. 4.116 

(a)-(d) 

Simulation results of TPFWDSSBB based microgrid for under load unbalanced and 

solar irradiance change in grid connected mode (a) unbalanced load condition in 

grid connected mode (b) solar power variation in grid connected (c) unbalanced load 

condition in grid connected mode and (d) unbalanced load condition in islanded 

mode.  

Fig. 4.117 

(a)-(e) 

Test results of TPFWDSSBB based microgrid in term of power quality indices (a) 

vL and ig (b) THD of ig (c) vL and iL (d) THD of iL (e) solar MPPT curve at 

500W/m2 

Fig. 4.118 

(a)-(b) 

Test results of TPFWDSSBB based microgrid in grid connected mode (a) iLn,ivn, 

ign and iL (b) ig,Ib, iL and iv  

Fig. 4.119 

(a)-(b) 

Test results of TPFWDSSBB based microgrid in DG set connected mode (a) Ipv,iv, 

ig and Ib (b) iL,iv, ig and Ib 
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Fig. 5.1 Three-phase three-wire wind-battery based microgrid with seamless 

synchronization to grid and DG set. 

Fig. 5.2 Three-phase four-wire wind-battery based microgrid with seamless synchronization 

to grid and DG set.   

Fig. 5.3 Three-phase three-wire wind-battery with BDC based microgrid with seamless 

synchronization to grid and DG set.  

Fig. 5.4 Three-phase four-wire wind-battery with BDC based microgrid with seamless 

synchronization to grid and DG set.   

Fig. 5.5 Wind MPPT algorithm 

Fig. 5.6 Block diagram of machine side converter control 

Fig. 5.7 Control of TPTWWB based microgrid in Grid/ DG set connected mode 

Fig. 5.8 Positive sequence extractor  

Fig. 5.9 Control of TPTWWB based microgrid for Islanded mode and synchronization   

Fig. 5.10 Control of TPFWWB based microgrid in Grid/ DG set connected mode 

Fig. 5.11 Control of TPFWWB based microgrid for islanded mode and synchronization  

Fig. 5.12 Control of bidirectional DC-DC converter  

Fig. 5.13 Control of TPTWWBB based microgrid in grid/DG connected mode 

Fig. 5.14 

(a)-(c) 

Control of TPFWWBB based microgrid for islanded mode and synchronization  

 

Fig. 5.15 

(a)-(b) 

Phase angle estimation 

Fig. 5.16 Control of TPFWWBB based microgrid in grid/DG connected mode 

Fig. 5.17 

(a)-(c) 

MATLAB model of three-phase three-wire wind and battery based microgrid (a) 

microgrid model (b) wind turbine driven generator model (c) load converter model  

Fig. 5.18 

(a)-(b) 

MATLAB model of three-phase four-wire wind and battery based microgrid (a) 

microgrid model (b) load converter model 

Fig. 5.19 MATLAB model of three-phase three-wire wind and battery with BDC based 

microgrid 
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Fig.5.20  MATLAB model of three-phase four-wire wind and battery with BDC based 

microgrid 

Fig. 5.21  Photograph of a hardware prototype 

Fig. 5.22  Performance of TPTWWB based microgrid during mode of switching 

Fig. 5.23 

(a)-(c) 

Power quality indices of TPTWWB based microgrid (a) harmonic spectrum of ig (b) 

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

Fig. 5.24 

(a)-(d) 

Performance of TPTWWB based microgrid at unbalanced load and wind speed 

variation (a)-(b) load unbalanced and wind speed variation in grid connected mode 

of microgrid (c)-(d) unbalanced load and wind speed variation in islanded mode.   

Fig. 5.25 

(a)-(c) 

Test results of TPTWWB based microgrid during mode transition from islanded to 

grid/DG set connected mode (a) islanded to grid connected mode θL, θg, ig, Ib and X 

(b) islanded to grid connected mode vL, iL, ig and X (c) islanded to DG set connected 

mode is, iL, Ib, vL and X. 

Fig. 5.26 

(a)-(f) 

Power quality indices of TPTWWB based microgrid in grid connected mode (a) vL 

and ig (b) Pg (c) Harmonic spectrum of ig (d) vL and iL  (e) PL(f) Harmonic spectrum 

of iL.  

Fig. 5.27 

(a)-(c) 

Power quality indices of TPTWWB based microgrid in islanded mode (a) vL and iL 

(b) load power (c) harmonic spectrum of vL 

Fig. 5.28 

(a)-(d) 

Performance of sensorless speed control technique of wind generator of TPTWWB 

based microgrid (a) hodograph ψα (b) hodograph iα (c) Nest, iwa, iwb, iwc (d) θest, iwa, 

iwb, iwc 

Fig. 5.29 

(a)-(f) 

Performance of TPTWWB based microgrid at unbalanced load (a) in DG connected 

mode Ib,iL,iv,is (b) in DG connected mode isa,isb,isc,Ib (c) in islanded mode iv,iL,Iw,Vdc 

(d) Iqs
*, Nest, Nref and Iw (e) in grid connected mode iga,igb,iLc,ilb. (f) θest, Nest, Nref and 

iwa 

Fig. 5.30  Performance of TPFWWB based microgrid during mode of switching 

Fig. 5.31 

(a)-(c) 

Power quality indices of TPFWWB based microgrid (a) harmonic spectrum of ig (b) 

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

Fig. 5.32 

(a)-(d) 

Performance of TPFWWB based microgrid at unbalanced load and wind speed 

variation (a)-(b) load unbalanced and wind speed variation in the islanded mode of 

microgrid (c)-(d) unbalanced load and wind speed variation in grid connected mode.   
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Fig. 5.33 

(a)-(g) 

Power quality indices of TPFWWB based microgrid in grid connected mode (a) vpcc 

and ig (b) harmonic spectrum of vpcc(c) harmonic spectrum of ig (d) vpcc and iL (e) 

harmonic spectrum of iL (f) vpcc and iv (g) harmonic spectrum of iv. 

Fig. 5.34 

(a)-(c) 

Power quality indices of TPFWWB based in DG set connected mode (a) vpcc and is 

(b) harmonic spectrum of is (c) vpcc and iv  

Fig. 5.35 

(a)-(d) 

Performance of sensorless speed control technique of wind generator of TPFWWB 

based microgrid (a) hodograph ψα (b) hodograph iα (c) wind speed, iwa, iwb, iwc (d) 

θest, iwa, iwb, iwc 

Fig. 5.36 

(a)-(d) 

Performance of TPFWWB based microgrid at unbalanced load in grid connected 

mode (a) iL, iga.igb and igc (b) iL, ig.iv and Ib (c) iLa,iLb ,ign and igc (d) iL, iLn, ign and 

ivn. 

Fig. 5.37 

(a)-(d) 

Performance of TPFWWB based microgrid at unbalanced load and wind speed 

variation in DG set connected mode (a) iL, is.Ib and iv (b) iL, iLn, ign and ivn (c) iwa, Ib 

,Nref and Nest (d) iα, iβ ,ψα and ψβ 

Fig. 5.38 Performance of TPTWWBB based microgrid during the mode of switching  

Fig. 5.39 

(a)-(c) 

Power quality indices of TPTWWBB based microgrid (a) ig harmonic spectra (b) 

load current (iL) harmonic spectra (c) load voltage (vL) harmonic spectra 

Fig. 5.40 

(a)-(c) 

Performance of TPTWWBB based microgrid at unbalanced load and wind speed 

variation (a)-(b) load unbalanced and wind speed variation in grid connected mode 

of microgrid (c) unbalanced load in islanded mode.   

Fig. 5.42 

(a)-(e) 

Power quality indices of TPTWWBB based microgrid in grid connected mode (a) 

vL and ig (b) Pg (c) Harmonic spectrum of ig (d) vL and iL (e) Harmonic spectrum of 

iL. 

Fig. 5.43 

(a)-(c) 

Power quality indices of TPTWWBB based microgrid in islanded mode (a) vL and 

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

Fig. 5.44 

(a)-(d) 

Performance of sensorless speed control technique of wind generator of 

TPTWWBB based microgrid (a) hodograph ψα (b) hodograph iα (c) ψα ψβ iβ, iα(d) 

θest, iwa, iwb, iwc 

Fig. 5.45 

(a)-(d) 

Performance of TPTWWBB based microgrid in grid/DG set connected at 

unbalanced load and wind speed variation (a) Vdc,iL,iv,ig (b) ig,iv,iL and Ib (c)-(d) DG 

set connected mode is,iv,iL, Ib iLa iLb, iLc.   

Fig. 5.46 

(a)-(c) 

Performance of TPTWWBB based microgrid at unbalanced load and wind speed 

variation (a) VLa, VLb, VLc, iL (b) ψα ψβ iβ, iα (c) θest, iwa, iwb, iwc 

Fig. 5.47 Performance of TPFWWBB based microgrid during mode of switching  
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Fig. 5.48 

(a)-(c) 

Power quality indices of TPFWWBB based microgrid (a) ig harmonic spectra (b) 

load voltage (vL) harmonic spectra (c) load current (iL) harmonic spectra. 

Fig. 5.49 Performance of TPFWWBB based microgrid at unbalanced load and wind speed 

variation (a) load unbalanced in an islanded mode of microgrid (b)-(d) unbalanced 

load and wind speed variation in grid connected mode.   

Fig. 5.50 

(a)-(e) 

Power quality indices of TPFWWBB based microgrid in grid connected mode (a) 

vpcc and ig (b) load voltage (vL) harmonic spectra (c) ig harmonic spectra (d) vpcc and 

iL  (e)load current (iL) harmonic spectra. 

Fig. 5.51 

(a)-(e) 

Power quality indices of TPFWWBB based microgrid in DG set connected mode 

(a) vpcc and is (b) is harmonic spectra (c) vpcc and iL  (d) iL harmonic spectra (e) vpcc 

and iv   

Fig. 5.52 

(a)-(d) 

Performance of sensorless speed control technique of wind generator of 

TPFWWBB based microgrid (a) hodograph ψα (b) hodograph iα (c) θest, iwa, iwb, 

iwc(d) wind speed, iwa, iwb, iwc 

Fig. 5.53 

(a)-(c) 

Performance of TPFWWBB based microgrid in grid connected mode at unbalanced 

load and wind speed variation (a) iL,iLn, ivn and ign (b) Nref ,N, iwa and Ib  (c) ig ,iL, iv 

and Ib.  

Fig. 5.54 

(a)-(c) 

Performance of TPFWWBB based microgrid in DG set connected mode at 

unbalanced load and wind speed variation (a) Ib, iv, iL and is (b) iL,iLn, ivn and ign (c) 

ψα, ψβ, iα and iβ.  

Fig. 6.1 Three-phase three-wire pico-hydro generator and battery based microgrid with 

seamless grid synchronization. 

Fig.6.2 Three-phase four-wire pico-hydro generator and battery based microgrid with 

seamless grid synchronization. 

Fig. 6.3 Three-phase three-wire pico-hydro generator and battery with BDC based microgrid 

with seamless grid synchronization. 

Fig. 6.4 Three-phase four-wire pico-hydro generator and battery with BDC based microgrid 

with seamless grid synchronization. 

Fig.6.5 Control of TPTWPGB microgrid for Islanded mode and grid synchronization  

Fig.6.6 Control of TPTWPHGB microgrid in grid connected mode 

Fig.6.7 Control of TPFWPHGB based microgrid for islanded mode and grid 

synchronization 

Fig.6.8 Islanded and synchronization control of microgrid 
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Fig.6.9 Control of TPFWPHGB based microgrid in Grid connected mode 

Fig. 6.10 Control of BDC 

Fig. 6.11 Control of TPTWPHGBB based microgrid for islanded mode and grid 

synchronization 

Fig. 6.12 Control of TPTWPHGBB based microgrid in grid connected mode 

Fig. 6.13 Control of TPFWPHGBB based microgrid for islanded mode and grid 

synchronization  

Fig.6.14 Control of TPFWPHGBB based microgrid in grid connected mode 

Fig.6.15 

(a)-(b) 

MATLAB model three-phase three-wire pico-hydro generator and battery based 

microgrid with seamless grid synchronization (a) microgrid model (b) voltage 

source converter model 

Fig.6.16 

(a)-(b) 

MATLAB model three-phase four-wire pico-hydro generator and battery based 

microgrid with seamless grid synchronization (a) microgrid model (b) voltage 

source converter model. 

Fig.6.17 MATLAB model three-phase three-wire pico-hydro generator and battery with 

BDC based microgrid with seamless grid synchronization  

Fig.6.18 MATLAB model of three-phase four-wire pico-hydro generator and battery with 

BDC based microgrid with seamless grid synchronization. 

Fig. 6.19 Picture of a hardware prototype. 

Fig. 6.20 Performance of TPTWPHGB based microgrid during mode of switching 

Fig. 6.21 

(a)-(b) 

Power quality indices of grid connected mode of TPTWPHGB based microgrid (a) 

harmonic spectrum of ig (b) harmonic spectrum of iL. 

Fig. 6.22 

(a)-(b) 

Power quality indices of islanded mode of TPTWPHGB based microgrid (a) 

harmonic spectrum of ihy (b) harmonic spectrum of vL 

Fig. 6.23 

(a)-(b) 

TPTWPHGB based microgrid response (a) at unbalanced load condition in islanded 

mode (b) unbalanced load condition in grid connected mode. 

Fig. 6.24 

(a)-(b) 

Test results of TPTWPHGB based microgrid during mode of switching (a) vL,vg,ig 

and iL (b) ihy,Ib,ig and vL. 

Fig. 6.25 

(a)-(i) 

Power quality indices in islanded mode of TPTWPHGB based microgrid (a) vLabc 

and ihyabc (b) Phy (c) vLabc and iLabc (d) PL (e) vLabc and ivabc (f) Pv (g) Harmonic 

spectrum of ihy  (h) Harmonic spectrum of iL (i) harmonic spectrum of vL  
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Fig. 6.26 

(a)-(b) 

Power quality indices in of microgrid in grid connected mode of TPTWPHGB based 

microgrid (a) vLabc and igabc (b) harmonic spectrum of igabc  

Fig. 6.27 

(a)-(c) 

Test results of TPTWPHGB based microgrid under transient condition (a) ihya, ihyb, 

ihyc and Ib  in islanded mode (b) Vdc,iL,vL and Ib in islanded mode (c)vLab, Ib, ihya, 

idyna. 

Fig. 6.28 Performance of TPFWPHGB based microgrid during mode of switching 

Fig. 6.29 

(a)-(b) 

Power quality indices of grid connected TPFWPHGB based microgrid (a) harmonic 

spectrum of ig (b) harmonic spectrum of iL. 

Fig. 6.30 

(a)-(c) 

Power quality indices of islanded mode of TPFWPHGB based microgrid (a) 

harmonic spectrum of ihy  (c) harmonic spectrum of vL 

Fig. 6.31 

(a)-(d) 

Performance of TPFWPHGB based microgrid under unbalanced load (a)-(b) in 

islanded mode (c)-(d) in grid connected mode.  

Fig. 6.32 

(a)-(o) 

Power quality indices of islanded mode of TPFWPHGB based microgrid (a) Phya 

(b) Phyb (c) Phyc (d) Pva (e) Pvb (f) Pvc (g) PLa (h) PLb(i) PLc  (j) iLn (k) ivn (l) isn (m) 

harmonic spectrum of vL (n) harmonic spectrum of ihy (o) harmonic spectrum of iL. 

Fig. 6.33 

(a)-(b) 

Power quality indices of TPFWPHGB based microgrid in grid connected mode (a) 

vpcc and ig (b) harmonic spectrum of ig  

Fig. 6.34 

(a)-(d) 

Performance of TPFWPHGB based microgrid under unbalanced load in islanded 

mode (a) ihya, ihyb, ihyc and iL (b) Vdc,iL,iv and Ib (c) iLn,ivn,isn and iL. 

Fig. 6.35 Performance of TPTWPHGBB based microgrid during mode of switching 

Fig. 6.36 

(a)-(b) 

Power quality indices of grid connected mode of TPTWPHGBB based microgrid 

(a) harmonics spectra of ig (b) harmonics spectra of iL. 

Fig. 6.37 

(a)-(b) 

Power quality indices of islanded mode of TPTWPHGBB based microgrid (a) 

harmonic spectrum of ihy  (b) harmonic spectrum of vL 

Fig. 6.38 

(a)-(b) 

TPTWPHGBB based microgrid response (a) at unbalanced load condition in 

islanded mode of TPTWPHGBB based microgrid (b) unbalanced load condition in 

grid connected mode. 

Fig. 6.39 

(a)-(b) 

Test results of TPTWPHGBB based microgrid during mode of switching (a) vL,vg,ig 

and iL (b) ihy,Ib,ig and vL. 

Fig. 6.40 

(a)-(i) 

Power quality indices in islanded mode of TPTWPHGBB based microgrid (a) vLabc 

and ihyabc (b) Phy (c) vLabc and iLabc (d) PL (e) vLabc and ivabc (f) Pv (g) Harmonic 

spectrum of ihy  (h) Harmonic spectrum of iL (i) harmonic spectrum of vL 
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Fig. 6.41 

(a)-(c) 

Performance of TPTWPHGBB based microgrid (a)-(b) at unbalanced load 

condition in islanded mode (c) unbalanced load condition in grid connected mode. 

Fig. 6.42 Performance of TPFWPHGBB based microgrid during mode of switching 

Fig. 6.43 

(a)-(b) 

Power quality indices of grid connected mode of TPFWPHGBB based microgrid 

(a) harmonic spectrum of ig (b) harmonic spectrum of iL. 

Fig. 6.44 

(a)-(b) 

Power quality indices of islanded mode of TPFWPHGBB based microgrid (a) 

harmonic spectrum of ihy (b) harmonic spectrum of vL 

Fig. 6.45 

(a)-(d) 

Performance of TPFWPHGBB based microgrid under unbalanced load (a)-(b) in 

islanded mode (c)-(d) in grid connected mode.  

Fig. 6.46 

(a)-(p) 

Power quality indices of islanded mode of TPFWPHGBB based microgrid (a) Phya 

(b) Phyb (c) Phyc (d) Pva (e) Pvb (f) Pvc (g) PLa (h) PLb(i) PLc (j) Pb (k) THD of vL (l) 

THD of ihy (m) THD of iL (n) iLn (o) ivn (p) isn. 

Fig. 6.47 

(a)-(b) 

Power quality indices of TPFWPHGBB based microgrid in grid connected mode 

(a) vpcc and ig (b) harmonic spectrum of ig  

Fig. 6.48 

(a)-(e) 

Test results of TPFWPHGBB based microgrid under transient condition (a) vL,iLc,iva 

and ivc (b) ihya, ihyb, ihyc and iL (c) iLn,ivn,ihyn and iL (d) Vdc,iL,Vb and Ib (e) ihy,iL,Ib and 

ig. 

Fig. 7.1 Fig. 7.1 Three-phase three-wire double stage solar PV and pico-hydro generator 

with battery based microgrid with seamless grid/DG set synchronization. 

Fig. 7.2 Three-phase four-wire double stage solar PV and pico-hydro generator with battery 

based microgrid with seamless grid/DG set synchronization. 

Fig. 7.3 Three-phase three-wire single stage solar PV pico-hydro generator and battery with 

BDC based microgrid with seamless grid/DG set synchronization. 

Fig. 7.4 Three-phase four-wire single stage solar PV pico-hydro generator and battery with 

BDC based microgrid with seamless grid/DG set synchronization. 

Fig. 7.5 Three-phase three-wire double stage solar PV pico-hydro generator and battery with 

BDC based microgrid with seamless grid/DG set synchronization. 

Fig. 7.6 Three-phase four-wire double stage solar PV-pico-hydro generator and battery with 

BDC based microgrid with seamless grid/DG set synchronization. 

Fig. 7.7 Fig. 7.7 Flowchart of mode of microgrid operation  

Fig.7.8 Flowchart of INC MPPT algorithm 



XLIX 
 

Fig.7.9 Control of TPTWDSSPHGB based microgrid for islanded mode and grid 

synchronization 

Fig.7.10 Control of TPTWDSSPHGB based microgrid in Grid/DG set connected mode. 

Fig.7.11 Control of TPFWDSSPHGB based microgrid for islanded mode and grid 

synchronization  

Fig. 7.12 Control of TPFWDSSPHGB based microgrid in grid/DG set connected mode. 

Fig.7.12 BDC control 

Fig.7.14 Control of TPTWSSSPHGBB based microgrid for islanded mode and grid 

synchronization 

Fig.7.15 Control of TPTWSSSPHGBB based microgrid in grid/DG set connected mode. 

Fig.7.16 Control of TPFWSSSPHGBB based microgrid for islanded mode and grid 

synchronization 

Fig.7.17 Control of TPFWSSSPHGBB based microgrid in grid/DG set connected mode. 

Fig.7.18 Control of TPTWDSSPHGBB based microgrid for islanded mode and grid 

synchronization 

Fig.7.19 Control of TPTWDSSPHGBB based microgrid in Grid/DG set connected mode. 

Fig.7.20 Control of TPFWDSSPHGBB based microgrid for islanded mode and grid 

synchronization  

Fig.7.21 

(a)-(b) 

Control of TPFWDSSPHGBB based microgrid in grid/DG set connected mode. 

Fig.7.22 

(a)-(b) 

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

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

Fig.7.23 

(a)-(b) 

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

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

Fig.7.24 MATLAB model of three-phase three-wire single stage solar PV array-pico-hydro 

and battery with BDC based microgrid 

Fig.7.25 MATLAB model of three-phase four-wire single stage solar PV array-pico-hydro 

and battery with BDC based microgrid 

Fig.7.26 MATLAB model of three-phase three-wire double stage solar PV array-pico-hydro 

and battery with BDC based microgrid 

Fig.7.27 MATLAB model of three-phase four-wire double stage solar PV array-pico-hydro 

and battery with BDC based microgrid 

Fig. 7.28 Photograph of a laboratory prototype 
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Fig. 7.29  Performance of TPTWDSSPHGB based microgrid during mode of switching from 

IS to GC mode connected mode. 

Fig. 7.30 

(a)-(b) 

Power quality indices of TPTWDSSPHGB based microgrid in grid/DG set 

connected mode (a) harmonic spectrum of ig (b) harmonic spectrum of is. 

Fig. 7.31 

(a)-(c) 

Power quality indices of TPTWDSSPHGB based microgrid in islanded mode (a) 

harmonic spectrum of ihy (b) harmonic spectrum of vL (c) harmonic spectrum of iL 

Fig. 7.32 

(a)-(d) 

Performance of TPTWDSSPHGB based microgrid (a) at unbalanced load 

condition in GC (b) solar power variation in GC (c) unbalanced load condition in 

IS (d) solar power variation in IS. 

Fig. 7.33 

(a)-(b) 

Performance of TPTWDSSPHGB based microgrid during mode of switching (a) IS 

to GC mode (b) IS to DG set connected mode. 

Fig. 7.34 

(a)-(f) 

Power quality indices of TPTWDSSPHGB based microgrid in islanded mode (a) 

vLabc and ihyabc (b) harmonic spectrum of vL (c) Harmonic spectrum of ihy  (d) vLabc 

and iLabc  (e) Harmonic spectrum of iL (f) vLabc and iv 

Fig. 7.35 

(a)-(d) 

Power quality indices of TPTWDSSPHGB based microgrid in grid connected mode 

(a) vLabc and igabc (b) harmonic spectrum of ig  (c) vLabc and iLabc  (d) Harmonic 

spectrum of iL 

Fig. 7.36 

(a)-(b) 

Performance of TPTWDSSPHGB based microgrid in IS mode (a) Vdc, iL,vL, Ib (b) 

ig, iL, iv and Ib 

Fig. 7.37 

(a)-(b) 

Performance of TPTWDSSPHGB based microgrid in grid connected mode under 

constant during unbalanced load condition and solar power variation (a) ig, iL,iv, Ib 

(b) ig, iL,iv, Ib 

Fig. 7.38 

(a)-(b) 
Performance of TPTWDSSPHGB based microgrid in grid connected mode under 

variable power mode during unbalanced load and solar power variation (a) ig, Ipv,iv, 

Ib (b) ig, Ipv,iv, Ib 

Fig. 7.39 

(a)-(b) 

Performance of TPFWDSSPHGB based microgrid during mode of switching (a) IS 

to GC mode (b) IS to GC and IS to DG set connected mode. 

Fig. 7.40 

(a)-(c)   

Power quality indices of TPFWDSSPHGB based microgrid in IS mode (a) harmonic 

spectrum of ihy (b) Harmonic spectrum of iL  (c) Harmonic spectrum of vL. 
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Fig. 7.41 

(a)-(b) 

Power quality indices of TPFWDSSPHGB based microgrid in grid and DG set 

connected mode of microgrid (a) harmonic spectrum of ig (b) Harmonic spectrum 

of is   

Fig. 7.42 

(a)-(e) 

Performance of TPFWDSSPHGB based microgrid (a) at unbalanced load condition 

in GC (b) solar power variation in GC (c) unbalanced load condition in IS (d) solar 

power variation in IS (e) neutral current compensation in GC mode. 

Fig. 7.43 

(a)-(e) 

Power quality indices of TPFWDSSPHGB based microgrid in islanded mode (a) 

vpcc and ihy (b) harmonic spectrum of ihy (c) vpcc and iL (d) Harmonic spectrum of iL 

(e) PV array MPPT curve   

Fig. 7.44 

(a)-(b) 

Power quality indices of TPFWDSSPHGB based microgrid in grid connected mode 

(a) vLabc and igabc (b) harmonic spectrum of ig   

Fig. 7.45 

(a)-(b) 

Performance of TPFWDSSPHGB based microgrid in IS mode (a) ihy, iL,iv, Ib (b) 

ihyn, iLn, iL and ivn 

Fig. 7.46 

(a)-(c) 

Performance of TPFWDSSPHGB based microgrid in grid connected mode under 

constant and variable power mode during unbalanced load and solar power variation 

(a) ig, Ipv,iv, Ib (b) ig, Ipv,iv, Ib (c) ig, Ipv,iv, Ib 

Fig. 7.47 

(a)-(d) 

Performance of TPTWSSSPHGBB based microgrid during mode of switching from 

IS to GC 

Fig. 7.48 

(a)-(c) 

Power quality indices of TPTWSSSPHGBB based microgrid in IS mode (a) 

harmonic spectrum of ihy (b) Harmonic spectrum of iL  (c) Harmonic spectrum of vL. 

Fig. 7.49 

(a)-(b) 

Power quality indices of TPTWSSSPHGBB based microgrid in grid and DG set 

connected mode of microgrid (a) harmonic spectrum of ig (b) Harmonic spectrum 

of is 

Fig. 7.50 

(a)-(c) 

Performance of TPTWSSSPHGBB based microgrid (a) at unbalanced load 

condition in GC (b) solar power variation in GC (c) unbalanced load condition in 

IS. 

Fig. 7.51 

(a)-(b) 

Performance of TPTWSSSPHGBB based microgrid during mode of switching (a) 

ihy,Ib,ig and vL (b) iL,vg,ig and vL 

Fig. 7.52 

(a)-(g) 

Power quality indices of TPTWSSSPHGBB based microgrid in IS mode (a) vLabc 

and ihy (b) harmonic spectrum of vL (c) Harmonic spectrum of ihy  (d) vLabc and iv  (e) 

vLabc and iL  (f) vLabc and iL  (g) Harmonic spectrum of iL. 
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Fig. 7.53 

(a)-(g) 

Power quality indices of TPTWSSSPHGBB based microgrid in GC mode (a) vLabc 

and ig (b) harmonic spectrum of ig (c) vLabc and iLabc  (d) Harmonic spectrum of iL 

(e) vLabc and iv (f) Harmonic spectrum of iv (g) MPPT curve at 1000W/m2
. 

Fig. 7.54 

(a)-(d) 

Performance of TPTWSSSPHGBB based microgrid in IS mode (a) Vdc, ihy, Ipv  and 

Ib  (b) ihy, iL, iv  and Ib  (c) Vdc, Ib, iLa  and ihya (d) iL1, iv, iL2  and vL 

Fig. 7.55 

(a)-(b) 

Performance of TPTWSSSPHGBB based microgrid in grid connected mode under 

constant during unbalanced load condition (a) iLa, iLc,iLb, Ib (b) ig, iL,iv, Ib 

Fig. 7.56 

(a)-(b) 

Performance of TPTWSSSPHGBB based microgrid in grid connected mode under 

constant and variable power mode during solar power variation (a) ig, Ipv,vL, Ib (b) 

ig, Ipv,iv, Ib 

Fig. 7.59 

(a)-(b) 

Power quality indices TPFWSSSPHGBB based microgrid in grid and DG set 

connected mode of microgrid (a) harmonic spectrum of ig(b) Harmonic spectrum 

of is 

Fig. 7.60 

(a)-(e) 

Performance of TPFWSSSPHGBB based of microgrid (a) at unbalanced load 

condition in GC (b) solar power variation in GC (c) unbalanced load condition in IS 

(d) solar power variation in IS mode (e) at unbalanced load condition in GC. 

Fig. 7.61 

(a)-(l) 

Power quality indices of TPFWSSSPHGBB based microgrid in IS microgrid (a) 

phya, (b) phyb, (c) phyc (d)  pLa, , (e) pLb  (f) pLc  (g) pva (h) pvb (i)  pvc (j) Load neutral 

current (k) VSC neutral current (l) source neutral current.  

Fig. 7.62 

(a)-(c) 

Power quality indices of TPFWSSSPHGBB based microgrid in IS microgrid (a) 

Harmonic spectra of ihy,  (b) Harmonic spectra of vL,  (c) Harmonic spectra of iL 

Fig. 7.63 

(a)-(c) 

Power quality indices of TPFWSSSPHGBB based microgrid in GC microgrid (a) 

vLabc and ig (b) harmonic spectrum of ig (c) MPPT curve at 750W/m2 

Fig. 7.64 

(a)-(d) 

Performance of TPFWSSSPHGBB based microgrid in IS mode under load 

unbalance (a) iLc, ihya  , ivand Ib (b) iLn, ihyn,ivn and iL (c) Vdc,Ipv,Vb, Ib (d) vL,ihy,Ipv and 

iL. 

Fig. 7.65 

(a)-(b) 

Performance of TPFWSSSPHGBB based microgrid in grid connected mode under 

constant and variable power mode during solar power variation (a) ig, Ipv,iv, Ib (b) ig, 

Ipv,iv, Ib 

Fig. 7.66 Performance of TPTWDSSPHGBB based microgrid during mode of switching 

from IS to GC mode  

Fig. 7.67 

(a)-(c) 

Power quality indices of TPTWDSSPHGBB based microgrid in IS microgrid (a) 

harmonic spectrum of ihy (b) Harmonic spectrum of iL  (c) Harmonic spectrum of 

vL. 
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Fig. 7.68 

(a)-(b) 

Power quality indices of TPTWDSSPHGBB based microgrid in grid and DG set 

connected mode of microgrid (a) harmonic spectrum of ig (b) Harmonic spectrum 

of is 

Fig. 7.69 

(a)-(c) 

Performance of TPTWDSSPHGBB based microgrid (a) at unbalanced load 

condition in GC (b) solar power variation in GC (c) solar PV array current variation 

due to the variation of solar irradiance in IS mode. 

Fig. 7.70 

(a)-(b) 

Performance of TPTWDSSPHGBB based microgrid during mode of switching (a) 

IS to GC mode (b) GC to IS mode of microgrid. 

Fig. 7.71 

(a)-(g) 

Power quality indices of TPTWDSSPHGBB based microgrid in IS microgrid (a) 

vLabc and ihy (b) harmonic spectrum of vL (c) harmonic spectrum of ihy (d) vLabc and 

iLabc  (e) Harmonic spectrum of iL (f) vLabc and iv  (g) MPPT curve at 500W/m2 

Fig. 7.72 

(a)-(c) 

Power quality indices of TPTWDSSPHGBB based microgrid in GC microgrid (a) 

vLabc and ig (b) harmonic spectrum of ig (c) vLabc and iv. 

Fig. 7.73 

(a)-(b) 

Performance of TPTWDSSPHGBB based microgrid (a) at unbalanced load 

condition in IS mode (b) solar power variation in IS mode 

Fig. 7.74 

(a)-(b) 

Performance of TPTWDSSPHGBB based microgrid in grid connected mode under 

constant during solar power variation (a) ig, Ipv,iv, Ib (b) ig, Ipv,iv, Ib 

Fig. 7.75 

(a)-(b) 

Performance of TPTWDSSPHGBB based microgrid in grid connected mode under 

variable power mode during unbalanced load and solar power variation (a) ig, Ipv,iv, 

Ib (b) ig, Ipv,iv, Ib 

Fig. 7.76 Performance of TPFWDSSPHGBB based microgrid during mode of switching IS 

to GC mode 

Fig. 7.77 

(a)-(c) 

Power quality indices of TPFWDSSPHGBB based microgrid in IS mode (a) 

harmonic spectrum of ihy (b) Harmonic spectrum of iL  (c) Harmonic spectrum of 

vL. 

Fig. 7.78 

(a)-(b) 

Power quality indices of TPFWDSSPHGBB based microgrid in grid and DG set 

connected mode of microgrid (a) harmonic spectrum of ig (b) Harmonic spectrum 

of is 

Fig. 7.79 

(a)-(c) 

Performance of TPFWDSSPHGBB based microgrid (a)-(b) at unbalanced load 

condition in GC (c) solar PV array current variation due to the variation of solar 

irradiance in IS mode. 

Fig. 7.80 

(a)-(d) 

Power quality indices of TPFWDSSPHGBB based microgrid in IS microgrid (a) 

vLabc and ihy (b) harmonic spectrum of ihy (c) vLabc and iLabc  (d) Harmonic spectrum 

of iL  
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Fig. 7.81 

(a)-(c) 

Power quality indices of TPFWDSSPHGBB based microgridin grid connected 

mode (a) vLabc and ig (b) harmonic spectrum of ig (c) MPPT curve at 1000W/m2 

Fig. 7.82 

(a)-(b) 

Performance of TPFWDSSPHGBB based microgrid (a)-(b) at unbalanced load 

condition in IS mode. 

Fig. 7.83 

(a)-(c) 

Performance of TPFWDSSPHGBB based microgrid in grid connected mode under 

constant and variable power mode during unbalanced load and solar power variation 

(a) ig, Ipv,iv, Ib (b) iL,iLn, ivn and ign (c) ig, Ipv,iv, Ib 

Fig. 8.1 Three-phase three-wire double stage solar-wind-battery based microgrids with 

seamless grid/DG set synchronization. 

Fig. 8.2 Three-phase four-wire double stage solar-wind-battery based microgrids with 

seamless grid/DG set synchronization. 

Fig. 8.3 Three-phase three-wire single stage solar-wind-battery with BDC based microgrids 

with seamless grid/DG set synchronization. 

Fig. 8.4 Three-phase four-wire single stage solar-wind-battery with BDC based microgrid 

with seamless grid/DG set synchronization. 

Fig. 8.5 Three-phase three-wire double stage solar-wind-battery with BDC based microgrid 

with seamless grid/DG set synchronization. 

Fig. 8.6 Three-phase four-wire double stage solar-wind-battery with BDC based microgrid 

with seamless grid/DG set synchronization. 

Fig. 8.7 Wind MPPT algorithm 

Fig. 8.8 Block diagram of machine side VSC control 

Fig. 8.9 Solar MPPT flow-chart 

Fig. 8.10 Control of LSC of TPTWDSSWB based microgrid for islanded mode and grid/DG 

set synchronization 

Fig. 8.11 Control of LSC of TPTWDSSWB based microgrid in grid/DG set connected mode 

Fig. 8.12 Phase angle estimation 

Fig. 8.13 Control of LSC of TPFWDSSWB based microgrid in grid/DG set connected mode 

Fig. 8.14 INC MPPT technique 
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Fig. 8.15 BDC control technique 

Fig. 8.16 Control of TPTWSSSWBB based microgrid for islanded mode and grid/DG set 

synchronization 

Fig. 8.17 Phase angle extractor 

Fig. 8.18 Control of TPTWSSSWBB based microgrid in grid/DG set connected mode. 

Fig. 8.19 Control of TPFWSSSWBB based microgrid in grid/DG set connected mode. 

Fig. 8.20 Control of TPTWDSSWBB based microgrid for islanded mode and grid/DG set 

synchronization 

Fig. 8.21 Control TPTWDSSWBB based microgrid in grid/DG set connected mode. 

Fig. 8.22 Control of TPFWDSSWBB based microgrid in grid/DG set connected mode. 

Fig. 8.23 

(a)-(c) 

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

based microgrid (a) microgrid model (b) wind turbine driven generator (c) LSC 

model 

Fig. 8.24 

(a)-(b) 

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

based microgrid (a) microgrid model (b) LSC mode 

Fig. 8.25 MATLAB model of three-phase three-wire single-stage solar PV-wind-battery and 

BDC based microgrid 

Fig. 8.26 MATLAB model of three-phase four-wire single stage solar PV-wind-battery and 

BDC based microgrid 

Fig. 8.27 MATLAB model of three-phase three-wire double stage solar PV-wind-battery and 

BDC based microgrid 

Fig. 8.28 MATLAB model of three-phase four-wire double stage solar PV-wind-battery and 

BDC based microgrid 

Fig 8.29 Photograph of a laboratory prototype 

Fig. 8.30 Performance of TPTWDSSWB based microgrid during the mode of switching from 

IS to GC 
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Fig. 8.31 

(a)-(c) 

Power quality indices of TPTWDSSWB based microgrid in islanded mode (a) 

harmonic spectrum of ig (b) harmonic spectrum of iL (c) harmonic spectrum of vL 

Fig. 8.32 

(a)-(d) 

Performance of TPTWDSSWB based microgrid (a) solar power and wind speed 

variation in IS (b) at unbalanced load condition in IS (c) solar power and wind speed 

variation in GC (d) unbalanced load condition in GC. 

Fig. 8.33 

(a)-(b) 

Performance of TPTWDSSWB based microgrid during the mode of switching (a) 

IS to GC mode (b) IS to GC and IS to DG set connected mode. 

Fig. 8.34 

(a)-(f) 

Power quality indices of TPTWDSSWB based microgrid in GC microgrid (a) vLabc 

and igabc (b) harmonic spectrum of vL and Harmonic spectrum of ig  (c) vLabc and iLabc  

(d) Harmonic spectrum of iL (e) vLabc and iv (f) Harmonic spectrum of iv 

Fig. 8.35 

(a)-(e) 

Power quality indices of TPTWDSSWB based microgrid in IS microgrid (a) vLabc 

and iLabc (b)PL (c) harmonic spectrum of vL (d) Harmonic spectrum of iL (e) PV 

MPPT curve. 

Fig. 8.36 

(a)-(d)  

Performance of sensorless wind generator control of TPTWDSSWB based 

microgrid (a) hodograph ψα (b) hodograph iα (a) ψα , ψβ iα, iβ (d) Nref, iwa, iwb iwc. 

Fig. 8.37 

(a)-(c) 

Dynamic performance of TPTWDSSWB based microgrid in islanded mode (a) 

under load perturbation (b) under solar insolation change (c) wind speed variation. 

Fig. 8.38 

(a)-(d) 

Dynamic performance of TPTWDSSWB based microgrid in grid connected mode 

(a) solar irradiance change, (b)-(c) load unbalanced condition (d) wind speed 

variation. 

Fig. 8.39  Performance of TPFWDSSWB based microgrid during mode of switching IS to GC 

mode. 

Fig. 8.40 

(a)-(c) 

Power quality of TPFWDSSWB based microgrid indices in IS and GC microgrid 

(a) Harmonic spectrum of vL (b) harmonic spectrum of ig (c) Harmonic spectrum of 

iL   

Fig. 8.41 

(a)-(e) 

Performance of TPFWDSSWB based microgrid (a) at unbalanced load condition in 

GC (b) solar power variation in GC (c) unbalanced load condition in IS (d) solar 

power variation in IS (e) neutral current compensation in GC mode. 

Fig. 8.42 

(a)-(e) 

Power quality indices of TPFWDSSWB based microgrid in GC microgrid (a) vg 

and ig (b) harmonic spectrum of ig (c) vg and iL (d) Harmonic spectrum of iL (e) PV 

MPPT curve 
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Fig. 8.43 

(a)-(b) 

Power quality indices of TPFWDSSWB based microgrid in DG set connected mode 

(a) vg and is (b) harmonic spectrum of is 

Fig. 8.44 

(a)-(d) 

Performance of sensorless wind generator control of TPFWDSSWB based 

microgrid (a) hodograph ψα (b) hodograph iα (c) ψα , ψβ iα, iβ (d) θest, iwa, iwb iwc. 

Fig. 8.45 

(a)-(d) 

Performance of TPFWDSSWB based microgrid in DG set connected mode (a) iv, is 

iL, Ib (b)iLn, iL, isn, ivn (c) iv, Ipv, Ib, is (d) Ipv, iwa, wind speed, estimated rotor flux 

position. 

Fig. 8.46 

(a)-(c) 

Performance of TPFWDSSWB based microgrid in grid connected mode (a) iv, ig, iL, 

Ib (b) iv, ig, iL, Ib (c) Ipv, iwa, wind speed, estimated rotor flux position 

Fig. 8.47  Performance of TPTWSSSWBB based microgrid during mode of switching from 

IS to GC mode 

Fig. 8.48 

(a)-(c) 

Power quality indices of TPTWSSSWB based microgrid in islanded mode (a) 

harmonic spectrum of ig (b) harmonic spectrum of iL (c) harmonic spectrum of vL 

Fig. 8.49 

(a)-(d) 

Performance of TPTWSSSWBB based microgrid (a) solar and wind power 

variation in IS mode (b) at unbalanced load condition in IS mode (c) unbalanced 

load condition in GC (d) solar and wind power variation in GC. 

Fig. 8.50 

(a)-(b) 

Performance of TPTWSSSWBB based microgrid during mode of switching (a) IS 

to GC mode (b) IS to GC and IS to DG set connected mode. 

Fig. 8.51 

(a)-(f) 

Power quality indices of TPTWSSSWBB based microgrid in GC microgrid (a) vLabc 

and igabc (b) harmonic spectrum of vL and harmonic spectrum of ig  (c) vLabc and iLabc  

(d) Harmonic spectrum of iL (e) vLabc and iv (f) Harmonic spectrum of iv. 

Fig. 8.52 

(a)-(e) 

Fig. 8.52 Power quality indices of TPTWSSSWBB based microgrid in IS microgrid 

(a) vLabc and iLabc (b)PL (c) harmonic spectrum of vL (d) Harmonic spectrum of iL (e) 

solar PV MPPT curve. 

Fig. 8.53 

(a)-(d) 

Fig. 8.53 Performance of sensorless wind generator control of TPTWSSSWBB 

based microgrid (a) hodograph ψα (b) hodograph iα (c) ψα , ψβ iα, iβ (d) θest, iwa, iwb 

iwc.  

Fig. 8.54 

(a)-(d) 

Dynamic Performance of TPTWSSSWBB based microgrid in grid-connected mode 

(a) solar irradiance change Vdc, Vb, Ipv and igc without feed-forward term (b) Load 

unbalanced iga,  igb, iLSC  and igc  (c) ψα, ψβ, iα and iβ (d) θest,iwa, iwb, iwc.
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Fig. 8.55 

(a)-(d) 

Dynamic performance of TPTWSSSWBB based microgrid in islanded mode (a) 

load unbalanced vsab, Ipv, Ib and iLSC(b) solar irradiance change vsab, Ipv, Ib  and iLSC 

(c) Ipv, Ib, wind speed, iwa (d) Ipv, Ib, θest, iwa 

Fig. 8.56  Performance of TPFWSSSWBB based microgrid during mode of switching IS to 

GC mode 

Fig. 8.57 

(a)-(c) 

Power quality indices of TPFWSSSWBB based microgrid in IS and GC microgrid 

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

vL. 

Fig. 8.58 

(a)-(e) 

Performance of TPFWSSSWBB based microgrid (a) at unbalanced load condition 

in GC (b) solar power variation in GC (c) unbalanced load condition in IS (d) solar 

power variation in IS (e) neutral current compensation in GC mode. 

Fig. 8.59 

(a)-(f) 

Power quality indices of TPFWSSSWBB based microgrid in GC (a) vL and ig (b) 

harmonic spectrum of ig (c) vL and iL (d) harmonic spectrum of iL (e) vL and iv (f) 

PV MPPT curve. 

Fig. 8.60 

(a)-(e) 

Performance of sensorless wind generator control of TPFWSSSWBB based 

microgrid (a) hodograph ψα (b) hodograph iα (c) ψα , ψβ iα, iβ (d) Nest, iwa, iwb iwc (e) 

wind speed, iwa, iwb iwc .  

Fig. 8.61 

(a)-(d) 

Performance of TPFWSSSWBB based microgrid in DG set connected mode (a) 

iv,Ib, is, iL (b)Ipv, Vdc, Ib and iL (c) Ipv, θest, wind speed, iwa (d) Ipv, Ib,wind speed, iwa. 

Fig. 8.62 

(a)-(d) 

Performance of TPFWSSSWBB based microgrid in grid connected mode (a) iL, iv, 

Ib and ig (b) Ipv, Ib, ig and iv (c) iLn, iL, ivn and ign (d) ψα ψβ iα, iβ. 

Fig. 8.63 Performance of TPTWDSSWBB based microgrid during mode of switching  

Fig. 8.64 

(a)-(c) 

Power quality indices of TPTWDSSWB based microgrid in islanded mode (a) 

harmonic spectrum of ig (b) harmonic spectrum of iL (c) harmonic spectrum of vL 

Fig. 8.65 

(a)-(d) 

Performance of TPTWDSSWBB based microgrid (a) at unbalanced load condition 

in GC (b) solar power variation in GC (c) unbalanced load condition in IS (d) solar 

and wind power variation in IS  

Fig. 8.66 

(a)-(b) 

Performance of TPTWDSSWBB based microgrid during mode of switching (a) IS 

to DG set connected mode (b) IS to grid connected mode. 

Fig. 8.67 

(a)-(e) 

Steady state performance of TPTWDSSWBB based microgrid in grid connected 

mode (a) vL, ig (b) Harmonic spectrum of vL and ig  (c) vL, ig (d) Harmonic spectrum 

of iL (e) vL and  ivsc   
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Fig. 8.68 

(a)-(e) 

Steady state performance of TPTWDSSWBB based microgrid in islanded mode  (a) 

vL and iL (b) PL (c) Harmonic spectrum of vL (d) Harmonic spectrum of iL (e) PV 

MPPT curve  

Fig. 8.69 

(a)-(e) 

Performance of sensorless wind generator control of TPTWDSSWBB based 

microgrid (a) hodograph ψα (b) hodograph iα (c) ψα , ψβ iα, iβ (d) θest, iwa, iwb iwc, (e) 

wind speed, iwa, iwb iwc.  

Fig. 8.70 

(a)-(b) 

Dynamic performance of TPTWDSSWBB based microgrid in grid connected mode 

at solar irradiance change (a) Vdc,Vpv,Ipv and ig (b)  Vdc,Vpv,Ipv and ig 

Fig. 8.71 

(a)-(b) 

Dynamic performance of TPTWDSSWBB based microgrid in grid connected 

mode at unbalanced load (a) and (b) load unbalanced  

Fig. 8.72 

(a)-(d) 

Dynamic performance of TPTWDSSWBB based microgrid in islanded mode (a) 

load unbalanced (b) and (c) solar irradiance change (d) wind speed, iwa,iwb and iwc.
 

Fig. 8.73 Performance of TPFWDSSWBB based microgrid during mode of switching IS to 

GC mode. 

Fig. 8.74 

(a)-(c) 

Power quality indices of TPFWDSSWBB based microgrid in IS and GC microgrid 

(a) harmonic spectrum of ihy (b) Harmonic spectrum of iL  (c) Harmonic spectrum 

of vL. 

Fig. 8.75 

(a)-(e) 

Performance of TPFWDSSWBB based microgrid (a) at unbalanced load condition 

in GC (b) solar power variation in GC (c) unbalanced load condition in IS (d) solar 

power variation in IS (e) neutral current compensation in GC mode 

Fig. 8.76 

(a)-(e) 

Power quality indices of TPFWDSSWBB based microgrid in DG set connected (a) 

vL and is (b) harmonic spectrum of vL (c) harmonic spectrum of is (d) vL and iL (e) 

harmonic spectrum of iL  

Fig. 8.77 

(a)-(c) 

Power quality indices of TPFWDSSWBB based microgrid in GC connected mode 

(a) vL and ig (b) harmonic spectrum of ig (c) PV MPPT curve. 

Fig. 8.78 

(a)-(d) 

Performance of sensorless wind generator control in TPFWDSSWBB based 

microgrid (a) hodograph ψα (b) hodograph iα (c) ψα , ψβ iα, iβ (d) θest, iwa, iwb iwc.  

Fig. 8.79 

(a)-(c) 

Performance of TPFWDSSWBB based microgrid in DG set connected mode (a) ig, 

Ib, iL and iv (b) iv, ig, Ipv and Ib (c) Ipv, wind speed, Ipv and iwa 

Fig. 8.80 

(a)-(c) 

Performance of TPFWDSSWBB based microgrid in grid connected mode (a) ig, Ib, 

iL and iv (b) iv, ig, Ipv and Ib (c) wind speed, iwa,  iwb, and iwc.  

Fig. 9.1 Three-phase three-wire double stage solar-wind-pico-hydro battery based microgrid 

with seamless synchronization to grid/DG set. 
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Fig. 9.2 Three-phase four-wire double stage solar-wind-pico-hydro battery based microgrid 

with seamless synchronization to grid/DG set. 

Fig. 9.3 Three-phase three-wire single-stage solar-wind-pico-hydro battery and BDC based 

microgrid with seamless synchronization to grid/DG set. 

Fig. 9.4 Three-phase four-wire single stage solar-wind-pico-hydro battery and BDC based 

microgrid with seamless synchronization to grid/DG set. 

Fig. 9.5 Three-phase three-wire double stage solar-WT-pico-hydro battery and BDC based 

microgrid with seamless synchronization to grid/DG set. 

Fig. 9.6 Three-phase four-wire double stage solar-wind-pico-hydro battery and BDC based 

microgrid with seamless synchronization to grid/DG set. 

Fig. 9.7 Block diagram of machine side converter control 

Fig. 9.8 Wind MPPT algorithm 

Fig. 9.9 Solar MPPT flow-chart 

Fig. 9.10 Boost converter duty cycle estimation 

Fig. 9.11 Control of TPTWDSSWPHB based microgrid for islanded mode and grid/DG Set 

synchronization 

Fig. 9.12 Control of TPTWDSSWPHB based microgrid in grid/DG set connected mode 

Fig. 9.13 Control of TPFWDSSWPHB based microgrid for islanded mode and grid/DG set 

synchronization. 
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MATLAB model of three-phase three-wire double stage solar PV-wind-pico-hydro 
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(a)-(b) 

MATLAB model of three-phase four-wire double stage solar PV-wind-pico-hydro 

and battery based microgrid (a) microgrid model (b) LSC and battery model 
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(a)-(b) 

Performance of TPTWDSSWPHB based microgrid during mode of switching (a) 

IS to GC mode (b) IS to GC and IS to DG set connected mode. 

Fig. 9.37 

(a)-(c) 

Power quality indices of TPTWDSSWPHB based microgrid in islanded mode (a) 

harmonic spectrum of ihy (b) Harmonic spectrum of iL  (c) Harmonic spectrum of vL. 
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(a)-(b) 

Power quality indices of TPTWDSSWPHB based microgrid in grid/DG set 

connected mode (a) harmonic spectrum of ig (b) Harmonic spectrum of is   
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(a)-(d) 

Performance of TPTWDSSWPHB based microgrid (a) solar power and wind speed 

variation in IS (b) at unbalanced load condition in IS (c) solar power and wind speed 

variation in GC (d) unbalanced load condition in GC. 
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(a)-(b) 

Performance of TPTWDSSWPHB based microgrid during mode of switching (a) 

IS to DG set connected mode (b) IS to GC mode 

Fig. 9.41 

(a)-(e) 

Power quality indices of TPTWDSSWPHB based microgrid in GC microgrid (a) 

vLabc and igabc (b) harmonic spectrum of vL (c) Harmonic spectrum of ig  (d) vLabc and 

iLabc  (e) Harmonic spectrum of iL   
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iwa,iwb,iwc and θest.. 
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(a)-(c) 

Dynamic performance of TPTWDSSWPHB based microgrid in grid connected 
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Fig. 9.47  Performance of TPFWDSSWPHB based microgrid during mode of switching IS to 

GC mode. 
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Fig. 9.48 

(a)-(d) 
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spetrum of iL  (d) Harmonic spectrum of vL. 
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of iL  (e) vLabc and ivabc 

Fig. 9.51 

(a)-(c) 
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Fig. 9.53 

(a)-(c) 

Performance of sensorless wind-turbine driven generator MSC control of 

TPFWDSSWPHB based microgrid (a) ψα , ψβ , iα and iβ (b) hodograph of iα (c) θest 

iwa,iwb and iwc. 

Fig. 9.54  Solar PV MPPT curve 
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(a)-(d) 

Dynamic performance of TPFWDSSWPHB based microgrid in IS mode, (a)-(b) 

under load perturbation (c) under solar insolation change (d) θest, iwa, wind speed 

and Ipv. 

Fig. 9.56 

(a)-(c) 

Dynamic performance of TPFWDSSWPHB based microgrid in grid connected 

mode (a) solar irradiance change, (b) load unbalanced condition (c) wind change 
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(a)-(b) 

Performance of TPTWSSSWPHBB based microgrid during mode of switching (a) 

IS to GC mode (b) IS to GC and IS to DG set connected mode. 
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(a)-(c) 

Power quality indices of TPTWSSSWPHBB based microgrid in islanded mode (a) 

harmonic spectrum of ihy (b) Harmonic spectrum of iL  (c) Harmonic spectrum of vL. 
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(a)-(b) 

Power quality indices of TPTWSSSWPHBB based microgrid in grid/DG set 

connected mode (a) harmonic spectrum of ig (b) Harmonic spectrum of is   
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(a)-(e) 

Performance of TPTWSSSWPHBB based microgrid (a) solar power and wind speed 

variation in IS (b) at unbalanced load condition in IS (c) solar power and wind speed 

variation in GC (d) unbalanced load condition in GC 

Fig. 9.61 

(a)-(b) 

Performance of TPTWSSSWPHBB based microgrid during mode of switching (a) 

IS to GC mode (b) IS to GC and IS to DG set connected mode. 
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Fig. 9.62 

(a)-(d) 

Power quality indices of TPTWSSSWPHBB based microgrid in GC microgrid (a) 

vLabc and igabc (b) Harmonic spectrum of ig  (c) vLabc and iLabc  (d) Harmonic spectrum 

of iL   

Fig. 9.63 

(a)-(d) 

Power quality indices of TPTWSSSWPHBB based microgrid in IS microgrid (a) 

vLabc and ihyabc (b) harmonic spectrum of vL (c) Harmonic spectrum of ihy (d) vL and 

iv waveform. 

Fig. 9.64 Solar PV MPPT curve 

Fig. 9.65 

(a)-(d) 

Performance of sensorless wind-turbine driven generator MSC control of 

TPTWSSSWPHBB based microgrid (a) ψα , ψβ , iα and iβ (b) hodograph of iα (c) 

θest iwa,iwb and iwc (d) wind speed. 

Fig. 9.66 

(a)-(d) 

Dynamic performance of TPFWSSSWPHBB based microgrid in IS mode, (a)-(b) 

under load perturbation (c) under solar insolation change (d) Wind speed change. 

Fig. 9.67 

(a)-(b) 

Dynamic performance of TPFWSSSWPHBB based microgrid in grid connected 

mode (a) solar irradiance change, (b) load unbalanced condition 

Fig. 9.68  Performance of TPFWSSSWPHBB based microgrid during mode of switching IS 

to GC mode. 

Fig. 9.69 

(a)-(d) 

Power quality indices of TPFWSSSWPHBB based microgrid in IS and GC 

microgrid (a) harmonic spectrum of iL (b) Harmonic spectrum of vL  (c) Harmonic 

spectrum of ihy. (d) Harmonic spectrum of ig 
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