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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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synchronization (a) islanded control (b) grid/DG set synchronization

Control of TPFWDSSBB based microgrid in grid/DG set connected mode
MATLAB model of three-phase three-wire single stage grid connected solar PV

array with seamless synchronization to grid or DG set (a) microgrid model (b) VSC
connection

MATLAB model of three-phase four-wire single stage grid connected solar PV
array with seamless synchronization to grid or DG set (a) microgrid model (b) VSC
connection

MATLAB model of three-phase three-wire double stage grid connected solar PV
array connected grid with seamless synchronization to grid or DG set

MATLAB model of three-phase four-wire double stage grid connected solar PV
array connected grid with seamless synchronization to grid or DG set
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Fig. 4.40

Fig.
4.41(a)-(h)

Fig. 4.42
(a)-(b)

Fig. 4.43
(a)-(b)

Fig. 4.44

Fig. 4.45
(a)-(b)

Fig. 4.46
(a)-(h)

Fig. 4.47
(a)-(d)

Fig. 4.48
Fig. 4.49

Fig. 4.50
(a)-(d)

Fig. 4.51
(a)-(b)

Fig. 4.52
(a)-(c)

Fig. 4.53

Fig. 4.54
(a)-(d)

MATLAB model of three-phase three-wire double stage solar PV array and battery
based microgrid with seamless synchronization to grid or DG set

MATLAB model of three-phase four-wire double stage solar PV array and battery
based microgrid with seamless synchronization to grid or DG set

MATLAB model of three-phase three-wire single stage solar PV array and battery
with BDC based microgrid with seamless synchronization to grid or DG set

MATLAB model of three-phase four-wire single stage solar PV array and battery
with BDC based microgrid with seamless synchronization to grid or DG set

MATLAB model of three-phase three-wire double stage solar PV array-battery and
BDC based microgrid with seamless synchronization to grid or DG set

MATLAB model of three-phase four-wire double stage solar PV array and battery
with BDC based microgrid with seamless synchronization to grid or DG set

Circuit configuration of hardware prototype with DSP

Photograph of hardware prototype of solar based microgrid

Block diagram of current sensor.

Block diagram of voltage sensor.

Block diagram of Opto-coupler circuit
Photographs for hardware components (a) d-SPACE 1006, (b) current sensor (c)
voltage sensor, (d) opto-isolator.

Simulated performance of TPTWSSGCS based microgrid during mode transition
from islanded to grid connected mode

Power quality indices of TPTWSSGCS based microgrid in islanded and grid
connected mode (a) THD of ig (b) THD of iL and (c) THD of v..

Simulated results of TPTWSSGCS based microgrid for under load unbalanced in
grid connected and islanded mode (a) islanded mode load unbalanced (b) grid
connected mode load unbalanced.
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Fig. 4.55
(@)-(h)

Fig. 4.56
(a)-(d)

Fig. 4.57

Fig. 4.58
(a)-(c)

Fig. 4.59
(a)-(d)

Fig. 4.60

Fig. 4.61
(a)-(d)

Fig. 4.62
(a)-(e)

Fig. 4.63
(a)-(b)

Fig. 4.64
(a)-(b)

Fig. 4.65
(a)-(b)

Fig. 4.66

Test results of TPTWSSGCS based microgrid during mode transition from
islanded to grid/DG set connected mode (a) v, Vg, ig and iL (b) v, vg, ig and X (c)
PL, Pg and va (d) ig, il_, VL and Vs,

Test results of TPTWSSGCS based microgrid for power quality improvement in
grid connected mode () Vianc and iganc (b) Pg (c) THD of ig (d) Vianc and iLanc (€) PL
(f) THD of iL (g) Viabe and ivane () Py (i) MPPT curve at 1000W/m?

Test results of TPTWSSGCS based microgrid for power quality improvement in
islanded mode (@) Vianc and iLane (b) THD of v and i

Test results of TPTWSSGCS based microgrid for under load unbalanced and solar
irradiance change in grid connected mode (a) Vpv, ig, lpv and Vgc (b) Vpv, ig, lpv and
Vdc and (C) iv, ig, Ipv and iL.

Test results of TPTWSSGCS based microgrid for under load unbalanced and solar
irradiance change in islanded mode (a) Vpv, ig, lpv and Vgc (b) Vpv, ig, lpv and Ve,

Simulated performance of TPFWSSGCS based microgrid during mode transition
from islanded to grid connected mode.

Power quality indices of TPFWSSGCS based microgrid in islanded and grid
connected mode (a) THD of ig (b) THD of iL and (c) THD of vL.

Simulation results of TPFWSSGCS based microgrid for under load unbalanced in
grid connected and islanded mode (a) unbalanced load condition in islanded mode
(b) unbalanced load condition in grid connected mode.

Test results of TPFWSSGCS based microgrid for power quality performance (a)
VLabc and igabc (b) Pg (C) THD Of ig (d) VLabc and il_abc (e) PL (f) THD Of il_ (g) VLabc and
lvabe (h) Py (i) MPPT curve

Test results of TPFWSSGCS based microgrid for under load unbalanced and solar
irradiance change in grid connected mode (@) i, ig, lpv and Vgc (D) iL, ig, lpv and Ve.
(C) iLn,ivn, ign and iL.

Simulation performance of microgrid during mode transition from islanded to grid
connected mode.

Power quality indices of TPTWSSGCS based microgrid in islanded and grid
connected mode (a) THD of ig (b) THD of iL and (c) THD of v..
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Fig. 4.67
(a)-(c)

Fig. 4.68
(a)-(d)

Fig. 4.69

Fig. 4.70
(@)-(f)

Fig. 4.71
(a)-(c)

Fig. 4.72
(a)-(c)

Fig. 4.73
(a)-(b)

Fig. 4.74

Fig. 4.75
(a)-(c)

Fig. 4.76
(@)-(f)
Fig. 4.77
(a)-(c)
Fig. 4.78

Fig. 4.79
(a)-(c)

Simulation results of TPTWDSGCS based microgrid for under load unbalanced in
grid connected and islanded mode (a) unbalanced load condition in islanded mode
(b) unbalanced load condition in grid connected mode.

Test results of TPTWDSSGCS based microgrid during mode transition from
islanded to grid connected mode (a) 6g, 6L, Vg and v (b) ig, Vi, iL and vg.

Test results of TPTWDSGCS based microgrid for power quality performance (a)
Viabe and igane (0) Pg(c) THD of ig (d) Viane and iLanc (€) P (f) THD of iL (g) Vianc and
ivabc (h) Py (i) MPPT curve

Test results of TPTWDSGCS based microgrid for power quality improvement in
islanded mode (@) Vianbec and iLane (b) THD of vi (c) THD of i. and (d) PV power
graph.

Test results of TPTWDSSGCS based microgrid for under load unbalanced and solar
irradiance change in grid/DG set connected mode (@) ig, Ve, lpv and Vpy (D) v, ig,
iL and Vgc. () in DG connected mode unbalanced load condition.

Test results of TPTWDSGCS based microgrid for under load perturbation in
islanded mode.

Simulated performance of TPFWDSGCS based microgrid during mode transition
from islanded to grid connected mode.

Power quality indices of TPFWDSGCS based microgrid in islanded and grid
connected mode (a) THD of ig (b) THD of iL and (c) THD of v..

Simulated results of TPFWDSGCS based microgrid for under load unbalanced (a)
islanded mode and (b) in grid connected

Test results of TPFWDSGCS based microgrid for power quality performance in
grid connected mode (@) Vianc and igabe (b) THD of ig (C) Vianc and iLanc (d) THD of
iL.(e) Viane and ivanc (f) MPPT curve

Test results of TPFWDSGCS based microgrid for under load unbalanced in grid
connected mode (a) ig,lpv, i and vg (b) ign,iLn, ivn and ic (€) i, lpv, Vac and ig.

Simulation performance of TPTWDSSB based microgrid during mode transition
from islanded to grid connected mode.

Power quality indices of TPTWDSSB based microgrid in islanded and grid
connected mode (a) THD of iy (b) THD of iL and (c) THD of vi.
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Fig. 4.80
(a)-(d)

Fig. 4.81
(a)-(d)

Fig. 4.82
(@)-(i)

Fig. 4.83
(a)-(b)

Fig.4.84
(a)-(b)

Fig. 4.85

Fig. 4.86
(a)-(c)

Fig. 4.87
(a)-(d)

Fig. 4.88
(a)-(d)

Fig. 4.89
(a)-(d)
Fig. 4.90
(a)-(c)

Fig. 4.91
(a)-(d)

Fig. 4.92

Simulation results of TPTWDSSB 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.

Test results of TPTWDSSB based microgrid during mode transition from islanded
to grid/DG connected mode (@) ig,Ib, Vs and vg (b) ig,Ib, VL and vg (C) ig,ir, fand X (d)
is,iL, Vs and vi.

Test results of TPTWDSSB based microgrid for power quality performance (a)
VLabe and igabc (b) Pg (C) THD Of ig (d) VLabe and iLabc (E) PL (f) THD Of iL (g) VLabe
and ivanc (h) Py (i) solar MPPT curve.

Test results of TPTWDSSB based microgrid in grid connected mode for under
unbalanced and solar insolation variation (a) iL,iv,ig and Iy (b) ic,ig,lv,iv

Test of TPTWDSSB based microgrid in islanded mode for under unbalanced and
solar insolation variation (a) Ppv, PL, Vic,Pb (D) iL, Ib, v and Ipy.

Simulated performance of TPFWDSSB based microgrid during mode transition
from islanded to grid connected mode.

Power quality indices of TPFWDSSB based microgrid in islanded and grid
connected mode (a) THD of ig(b) THD of v and (¢c) THD of iL..

Simulated results of TPFWDSSB 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.

Test results of TPFWDSSB based microgrid for power quality performance in DG
set connected mode (a) Viane and isape (b) THD of is (C) Viabe and iranc (d) P (f) THD
of iL

Test results of TPFWDSSB based microgrid for power quality performance in grid
connected moe () Viane and iganc (C) THD of ig (d) solar MPPT curve.

Test results of of TPFWDSSB based microgrid in DG connected microgrid for
under unbalanced and solar insolation variation (a) iL,Vac,is and v (b) iL,is,Ib,iv (C)
VL, Vdc, iL and Ipv.

Test results of TPFWDSSB based microgrid in grid connected mode for under
unbalanced and solar insolation variation (a) iL,iv,ig and lp (b) lpv,ig,lb,iv (C) Ppv, PL,
VdC,Pb (d) iL, iLn, ivn and ign.

Simulated performance of TPTWSSSBB based microgrid during mode transition
from islanded to grid connected mode.
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Fig. 4.93
(a)-(c)

Fig. 4.94

Fig. 4.95
(a)-(d)

Fig. 4.96
(a)-(f)

Fig. 4.97
(a)-(e)

Fig. 4.98
(a)-(b)

Fig. 4.99
(a)-(b)

Fig. 4.100

Fig. 4.101
(a)-(c)

Fig. 4.102
(a)-(d)

Fig. 4.103
(a)-(f)

Fig. 4.104
(a)-(b)

Fig. 4.105
(a)-(b)

Fig. 4.106
(a)-(b)

Power quality indices of TPTWSSSBB based microgrid in islanded and grid
connected mode (a) THD of ig (b) THD of vi and (c) THD of iL.

Simulated results of TPTWSSSBB based microgrid for under (a) load unbalanced
and (b) solar irradiance change in grid connected.

Test results of TPTWSSSBB based microgrid during mode transition (a) ig,lb, Vs
and vg (b) ig,iL, X and f (c) ig,ir, X and f (d) ig,iL, Vs and vy,

Test results of TPTWSSSBB based microgrid for power quality indices in grid
connected mode (a) vg and ig (b) THD of ig (c) vg and i (d) THD of i. (e) vg and iv
(f) MPPT curve

Test results of TPTWSSSBB based microgrid for power quality indices in DG set
connected mode (a) vg and ig (b) THD of ig (c) vg and iL (d) THD of iL () vg and iv.

Test results of TPTWSSSBB based microgrid for under load unbalanced and solar
irradiance change in grid connected mode (a) ig,iL, lpv and iv (b) ig,Vac, iv and lpy.

Test results of TPTWSSSBB based microgrid for under load unbalanced and solar
irradiance change in islanded mode () vi,ic, lpv and Iy (b) vi,iL, I and Ipy.

Performance of TPFWSSSBB based microgrid during mode transition from
islanded to grid connected mode.

Power quality indices of TPFWSSSBB based microgrid in islanded and grid
connected mode (a) THD of ig(b) THD of v and (¢) THD of i..

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.

Test results of TPFWSSSBB based microgrid for power quality indices in grid
connected mode (a) vg and ig (b) THD of ig () vg and i (d) THD of i. (e) vg and iv
(f) MPPT curve

Test results of TPFWSSSBB based microgrid for power quality indices in DG set
connected mode (a) vg and is (b) THD of is

Test results of TPFWSSSBB based microgrid for under load unbalanced and solar
irradiance change in DG set connected mode (@) vi,iL, lpv and Iy (b) vi,iL, I and lpy.

Test results of TPFWSSSBB based microgrid for under load unbalanced and solar
irradiance change in grid connected mode (a) vi,iL, lpv and Iy (b) vi,iL, I and Ipv.
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Fig. 4.107

Fig. 4.108
(a)-(c)

Fig. 4.109
(a)-(b)

Fig. 4.110
(a)-(b)

Fig. 4.111
(a)-(e)

Fig. 4.112
(@)-(c)

Fig. 4.113
(a)-(b)

Fig. 4.114

Fig. 4.115
(a)-(c)

Fig. 4.116
(a)-(d)

Fig. 4.117
(a)-(e)

Fig. 4.118
(a)-(b)

Fig. 4.119
(a)-(b)

Simulated performance of TPTWDSSBB based microgrid during mode transition
from islanded to grid connected mode.

Power quality indices of TPTWDSSBB based microgrid in islanded and grid
connected mode (a) THD of ig (b) THD of vi and (c) THD of iL.

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.

Performance of TPTWDSSBB based microgrid during mode of switching (a) vi,Vg,
ig, Ib (b) ig, fs, iL, X.

Test results of TPTWDSSBB based microgrid power quality indices (a) v and ig
(d) THD of ig (e) vL and i. (f) THD of i. (e) solar MPPT curve.

Test results of TPTWDSSBB based microgrid for under load unbalanced and solar
irradiance change in grid connected mode (a) Pg,PL,Ppv and Py (D) ig,ic, lpv and Iy
(C) ivsc,il_, Ipv and Ib.

Test results of TPTWDSSBB based microgrid for under load unbalanced and solar
irradiance change in islanded mode (a) Vc,iL,lpv and Ip (b) vi,ic, lpv and Iy.

Simulation performance of TPFWDSSBB based microgrid during mode transition
from islanded to grid connected mode.

Power quality indices of TPFWDSSBB based microgrid in islanded and grid
connected mode (a) THD of ig(b) THD of v and (¢) THD of i..

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.

Test results of TPFWDSSBB based microgrid in term of power quality indices (a)
vL and ig (b) THD of ig (c) v and iL (d) THD of iL (e) solar MPPT curve at
500W/m?

Test results of TPFWDSSBB based microgrid in grid connected mode (a) ivn,ivn,
ign and ir (b) ig,lv, i and iy

Test results of TPFWDSSBB based microgrid in DG set connected mode (a) lpv,iv,
igand Iy (b) i,iv, igand Iy
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Fig.
Fig.
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5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

(@)-(c)

Fig.

5.15

(a)-(b)

Fig.

Fig.

5.16

5.17

(a)-(c)

Fig.

5.18

(@)-(b)

Fig.

5.19

Three-phase  three-wire wind-battery based microgrid with  seamless
synchronization to grid and DG set.

Three-phase four-wire wind-battery based microgrid with seamless synchronization
to grid and DG set.

Three-phase three-wire wind-battery with BDC based microgrid with seamless
synchronization to grid and DG set.

Three-phase four-wire wind-battery with BDC based microgrid with seamless
synchronization to grid and DG set.

Wind MPPT algorithm

Block diagram of machine side converter control

Control of TPTWWB based microgrid in Grid/ DG set connected mode
Positive sequence extractor

Control of TPTWWB based microgrid for Islanded mode and synchronization
Control of TPFWWB based microgrid in Grid/ DG set connected mode
Control of TPFWWB based microgrid for islanded mode and synchronization
Control of bidirectional DC-DC converter

Control of TPTWWBB based microgrid in grid/DG connected mode

Control of TPFWWBB based microgrid for islanded mode and synchronization

Phase angle estimation

Control of TPFWWABB based microgrid in grid/DG connected mode

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

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

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

Fig. 5.21
Fig. 5.22

Fig. 5.23
(a)-(c)

Fig. 5.24
(a)-(d)

Fig. 5.25
(a)-(c)

Fig. 5.26
(a)-(f)

Fig. 5.27
(a)-(c)
Fig. 5.28
(a)-(d)

Fig. 5.29
(a)-(f)

Fig. 5.30

Fig. 5.31
(a)-(c)

Fig. 5.32
(a)-(d)

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

Photograph of a hardware prototype
Performance of TPTWWB based microgrid during mode of switching

Power quality indices of TPTWWB based microgrid (a) harmonic spectrum of ig (b)
harmonic spectrum of i (c) harmonic spectrum of vi_.

Performance of TPTWWAB 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.

Test results of TPTWWB based microgrid during mode transition from islanded to
grid/DG set connected mode (a) islanded to grid connected mode 6y, 8, ig, Irand X
(b) islanded to grid connected mode v, i, igand X (c) islanded to DG set connected
mode is, iL, Ip, vi and X.

Power quality indices of TPTWWB based microgrid in grid connected mode (a) v
and ig (b) Py (c) Harmonic spectrum of ig (d) v and i. (e) P.(f) Harmonic spectrum
of iL.

Power quality indices of TPTWWB based microgrid in islanded mode (a) v and i.
(b) load power (c) harmonic spectrum of v

Performance of sensorless speed control technique of wind generator of TPTWWB
based microgrid (a) hodograph y, (b) hodograph iq (C) Nest, iwa, iwb, iwc (d) Oest, iwa,

lwb, Iwe

Performance of TPTWWB based microgrid at unbalanced load (a) in DG connected
mode lp,iL,iv,is (b) in DG connected mode isa,ish,isc,Ib (C) in islanded mode iy, i, lw,Vdc
(d) lgs, Nest, Nrerand lw (€) in grid connected mode iga,igo,iLc,iib. () est, Nest, Nref and

lwa

Performance of TPFWWAB based microgrid during mode of switching

Power quality indices of TPFWWB based microgrid (a) harmonic spectrum of ig (b)
harmonic spectrum of v, (¢) harmonic spectrum of i,

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 (¢)-(d) unbalanced load and wind speed variation in grid connected mode.
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Fig. 5.33
(a)-(9)

Fig. 5.34
(a)-(c)
Fig. 5.35
(a)-(d)

Fig. 5.36
(a)-(d)

Fig. 5.37
(a)-(d)

Fig. 5.38

Fig. 5.39
(a)-(c)

Fig. 5.40
(a)-(c)

Fig. 5.42
(a)-(e)

Fig. 5.43
(a)-(c)
Fig. 5.44
(a)-(d)

Fig. 5.45
(a)-(d)

Fig. 5.46
(a)-(c)

Fig. 5.47

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) Vpec and i (€)
harmonic spectrum of i. (f) vpec and iv (g) harmonic spectrum of iy,

Power quality indices of TPFWWB based in DG set connected mode (a) Vpcc and is
(b) harmonic spectrum of is () Vpcc and iv

Performance of sensorless speed control technique of wind generator of TPFWWB
based microgrid (a) hodograph y, (b) hodograph i, (c) wind speed, iwa, iwb, iwc (d)

Oest, wa, Iwb, lwe

Performance of TPFWWB based microgrid at unbalanced load in grid connected
mode (@) iL, iga.igh and igc (b) iv, ig.iv and I (C) iLa,ib ,ign and igc (d) iv, ivn, ign and

lvn.

Performance of TPFWWB based microgrid at unbalanced load and wind speed
variation in DG set connected mode (a) i, is.Io and iv (b) iL, iLn, ign @nd ivn (C) iwa, lo
,Nref and Nest (d) ia, i[} Wa and VB

Performance of TPTWWABB based microgrid during the mode of switching

Power quality indices of TPTWWBB based microgrid (2) ig harmonic spectra (b)
load current (i) harmonic spectra (c) load voltage (vi) harmonic spectra

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.

Power quality indices of TPTWWBB based microgrid in grid connected mode (a)
vL and ig (b) Py (c) Harmonic spectrum of ig (d) vi and i (e) Harmonic spectrum of
iL.

Power quality indices of TPTWWBB based microgrid in islanded mode (a) v. and
iL (b) Harmonic spectrum of v (c) Harmonic spectrum of i..

Performance of sensorless speed control technique of wind generator of
TPTWWABB based microgrid (a) hodograph vy, (b) hodograph i. (¢) wa g ip, 1«(d)

Oest, lwa, Iwb, lwe

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 Iy (c)-(d) DG
set connected mode is,iv,iL, Ib iLaivy, iLc.

Performance of TPTWWBB based microgrid at unbalanced load and wind speed
variation (a) Via, Vib, Vie, iL (b) Wa wp i, 1o (€) Best, Iwa, Twb, Twe

Performance of TPFWWBB based microgrid during mode of switching
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Fig. 5.48
(a)-(c)

Fig. 5.49

Fig. 5.50
(a)-(e)

Fig. 5.51
(a)-(e)

Fig. 5.52
(a)-(d)

Fig. 5.53
(a)-(c)

Fig. 5.54
(a)-(c)

Fig. 6.1

Fig.6.2

Fig. 6.3

Fig. 6.4

Fig.6.5
Fig.6.6

Fig.6.7

Fig.6.8

Power quality indices of TPFWWBB based microgrid (a) ig harmonic spectra (b)
load voltage (vi) harmonic spectra (c) load current (i) harmonic spectra.

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.

Power quality indices of TPFWWBB based microgrid in grid connected mode (a)
Vpec @nd ig (b) load voltage (vi) harmonic spectra (c) ig harmonic spectra (d) Vpec and
iL (e)load current (iL) harmonic spectra.

Power quality indices of TPFWWBB based microgrid in DG set connected mode
(@) Vpec and is (b) is harmonic spectra (c) Vpec and i (d) iL harmonic spectra (€) Vpec
and iy

Performance of sensorless speed control technique of wind generator of
TPFWWBB based microgrid (a) hodograph v, (b) hodograph iy (c) Oest, iwa, Iwb,
iwc(d) wind speed, iwa, iwb, iwe

Performance of TPFWWBB based microgrid in grid connected mode at unbalanced
load and wind speed variation (@) iL,iLn, ivn @nd ign (b) Nref,N, iwa @and Ip (C) ig,ic, iv
and Ip.

Performance of TPFWWBB based microgrid in DG set connected mode at
unbalanced load and wind speed variation (a) Ip, iy, iL and is (b) iL,iLn, iva and ign (C)

\I/(l, \I/ﬁ, i(l and |B.

Three-phase three-wire pico-hydro generator and battery based microgrid with
seamless grid synchronization.

Three-phase four-wire pico-hydro generator and battery based microgrid with
seamless grid synchronization.

Three-phase three-wire pico-hydro generator and battery with BDC based microgrid
with seamless grid synchronization.

Three-phase four-wire pico-hydro generator and battery with BDC based microgrid
with seamless grid synchronization.

Control of TPTWPGB microgrid for Islanded mode and grid synchronization
Control of TPTWPHGB microgrid in grid connected mode

Control of TPFWPHGB based microgrid for islanded mode and grid
synchronization

Islanded and synchronization control of microgrid
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Fig.6.9
Fig. 6.10

Fig. 6.11

Fig. 6.12

Fig. 6.13

Fig.6.14
Fig.6.15
(@)-(b)

Fig.6.16
(a)-(b)

Fig.6.17

Fig.6.18

Fig. 6.19
Fig. 6.20

Fig. 6.21
(a)-(b)

Fig. 6.22
(a)-(b)
Fig. 6.23
(a)-(b)
Fig. 6.24
(a)-(b)

Fig. 6.25
(a)-(1)

Control of TPFWPHGB based microgrid in Grid connected mode
Control of BDC

Control of TPTWPHGBB based microgrid for islanded mode and grid
synchronization

Control of TPTWPHGBB based microgrid in grid connected mode

Control of TPFWPHGBB based microgrid for islanded mode and grid
synchronization

Control of TPFWPHGBB based microgrid in grid connected mode

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

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.

MATLAB model three-phase three-wire pico-hydro generator and battery with
BDC based microgrid with seamless grid synchronization

MATLAB model of three-phase four-wire pico-hydro generator and battery with
BDC based microgrid with seamless grid synchronization.

Picture of a hardware prototype.
Performance of TPTWPHGB based microgrid during mode of switching

Power quality indices of grid connected mode of TPTWPHGB based microgrid (a)
harmonic spectrum of ig (b) harmonic spectrum of i..

Power quality indices of islanded mode of TPTWPHGB based microgrid (a)
harmonic spectrum of iny (b) harmonic spectrum of v

TPTWPHGB based microgrid response (a) at unbalanced load condition in islanded
mode (b) unbalanced load condition in grid connected mode.

Test results of TPTWPHGB based microgrid during mode of switching (a) vi,Vg,ig
and i (b) iny,lb,ig and vi.

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

and inyabc (B) Pny (C) Viane and iLanc (d) PL () Viane and ivanc (f) Pv (g) Harmonic
spectrum of iny (h) Harmonic spectrum of i. (i) harmonic spectrum of v
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Fig. 6.26
(a)-(b)

Fig. 6.27
(a)-(c)

Fig. 6.28

Fig. 6.29
(a)-(b)

Fig. 6.30
(a)-(c)

Fig. 6.31
(a)-(d)

Fig. 6.32
(a)-(0)

Fig. 6.33
(a)-(b)

Fig. 6.34
(a)-(d)

Fig. 6.35

Fig. 6.36
(a)-(b)

Fig. 6.37
(a)-(b)

Fig. 6.38
(a)-(b)

Fig. 6.39
(a)-(b)

Fig. 6.40
(@)-(1)

Power quality indices in of microgrid in grid connected mode of TPTWPHGB based
microgrid (a) Viabe and iganc (b) harmonic spectrum of iganc

Test results of TPTWPHGB based microgrid under transient condition (@) inya, inyb,
inyc and lp in islanded mode (b) Vc,ir, v and Iy in islanded mode (C)VLab, Ib, inya,
idyna.

Performance of TPFWPHGB based microgrid during mode of switching

Power quality indices of grid connected TPFWPHGB based microgrid (a) harmonic
spectrum of ig (b) harmonic spectrum of i..

Power quality indices of islanded mode of TPFWPHGB based microgrid (a)
harmonic spectrum of iny (c) harmonic spectrum of v

Performance of TPFWPHGB based microgrid under unbalanced load (a)-(b) in
islanded mode (c)-(d) in grid connected mode.

Power quality indices of islanded mode of TPFWPHGB based microgrid (a) Pnya
(b) Phyb (€) Phye (d) Pva (&) Puo (f) Pve () Pra (h) Pus(i) Pre (1) itn (K) iwn (1) isn (M)
harmonic spectrum of v (n) harmonic spectrum of iny (0) harmonic spectrum of iL.

Power quality indices of TPFWPHGB based microgrid in grid connected mode (a)
Vpee and ig (b) harmonic spectrum of ig

Performance of TPFWPHGB based microgrid under unbalanced load in islanded
mode (@) inya, ihyb, inyc and iL (b) Vc,iL,iv and Iy (C) ivn,ivn,isn and iL.

Performance of TPTWPHGBB based microgrid during mode of switching

Power quality indices of grid connected mode of TPTWPHGBB based microgrid
(@) harmonics spectra of ig (b) harmonics spectra of i..

Power quality indices of islanded mode of TPTWPHGBB based microgrid (a)
harmonic spectrum of iny (b) harmonic spectrum of v

TPTWPHGBB based microgrid response (a) at unbalanced load condition in
islanded mode of TPTWPHGBB based microgrid (b) unbalanced load condition in
grid connected mode.

Test results of TPTWPHGBB based microgrid during mode of switching (a) vi,vg,ig
and ir (b) iny,lb,ig and vi.

Power quality indices in islanded mode of TPTWPHGBB based microgrid (a) Vianc
and inyabe (B) Pny (C) Viane and iLane (d) P (€) Viane and ivanc (f) Pv (g) Harmonic
spectrum of iny (h) Harmonic spectrum of i, (i) harmonic spectrum of v
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Fig. 6.41
(a)-(c)

Fig. 6.42

Fig. 6.43
(a)-(b)

Fig. 6.44
(a)-(b)

Fig. 6.45
(a)-(d)

Fig. 6.46
(@)-(p)
Fig. 6.47
(a)-(b)
Fig. 6.48
(a)-(e)
Fig. 7.1

Fig. 7.2

Fig. 7.3

Fig. 7.4

Fig. 7.5

Fig. 7.6

Fig. 7.7

Fig.7.8

Performance of TPTWPHGBB based microgrid (a)-(b) at unbalanced load
condition in islanded mode (c) unbalanced load condition in grid connected mode.

Performance of TPFWPHGBB based microgrid during mode of switching

Power quality indices of grid connected mode of TPFWPHGBB based microgrid
(@) harmonic spectrum of ig (b) harmonic spectrum of iL.

Power quality indices of islanded mode of TPFWPHGBB based microgrid (a)
harmonic spectrum of iny (b) harmonic spectrum of v

Performance of TPFWPHGBB based microgrid under unbalanced load (a)-(b) in
islanded mode (c)-(d) in grid connected mode.

Power quality indices of islanded mode of TPFWPHGBB based microgrid (a) Phya
(b) Pryb (€) Phyc (d) Pva (€) Pw (f) Pve (9) Pra (h) Puo(i) Pie (j) Po (k) THD of vi (1)
THD Of ihy (m) THD Of il_(n) iLn (0) ivn (p) isn.

Power quality indices of TPFWPHGBB based microgrid in grid connected mode
(@) Vpec and ig (b) harmonic spectrum of ig

Test results of TPFWPHGBB based microgrid under transient condition (a) Vi,iLc,lva
and ivc (b) inya, ihyb, Thyc @nd ir (C) iLn,ivn,ihyn @nd i (d) Vac,i,Voand Iy (€) iny,iL,lb and
ig.

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.

Three-phase four-wire double stage solar PV and pico-hydro generator with battery
based microgrid with seamless grid/DG set synchronization.

Three-phase three-wire single stage solar PV pico-hydro generator and battery with
BDC based microgrid with seamless grid/DG set synchronization.

Three-phase four-wire single stage solar PV pico-hydro generator and battery with
BDC based microgrid with seamless grid/DG set synchronization.

Three-phase three-wire double stage solar PV pico-hydro generator and battery with
BDC based microgrid with seamless grid/DG set synchronization.

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 Flowchart of mode of microgrid operation

Flowchart of INC MPPT algorithm

XLVII



Fig.7.9

Fig.7.10
Fig.7.11
Fig. 7.12
Fig.7.12

Fig.7.14

Fig.7.15

Fig.7.16

Fig.7.17

Fig.7.18

Fig.7.19

Fig.7.20

Fig.7.21

(a)-(b)
Fig.7.22

(a)-(b)

Fig.7.23
(a)-(b)

Fig.7.24
Fig.7.25

Fig.7.26

Fig.7.27

Fig. 7.28

Control of TPTWDSSPHGB based microgrid for islanded mode and grid
synchronization
Control of TPTWDSSPHGB based microgrid in Grid/DG set connected mode.

Control of TPFWDSSPHGB based microgrid for islanded mode and grid
synchronization
Control of TPFWDSSPHGB based microgrid in grid/DG set connected mode.

BDC control

Control of TPTWSSSPHGBB based microgrid for islanded mode and grid
synchronization
Control of TPTWSSSPHGBB based microgrid in grid/DG set connected mode.

Control of TPFWSSSPHGBB based microgrid for islanded mode and grid
synchronization
Control of TPFWSSSPHGBB based microgrid in grid/DG set connected mode.

Control of TPTWDSSPHGBB based microgrid for islanded mode and grid
synchronization
Control of TPTWDSSPHGBB based microgrid in Grid/DG set connected mode.

Control of TPFWDSSPHGBB based microgrid for islanded mode and grid
synchronization

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

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

MATLAB model of three-phase four-wire double stage solar PV-pico-hydro and
battery based microgrid (a) microgrid model (b) voltage source converter

MATLAB model of three-phase three-wire single stage solar PV array-pico-hydro
and battery with BDC based microgrid
MATLAB model of three-phase four-wire single stage solar PV array-pico-hydro
and battery with BDC based microgrid
MATLAB model of three-phase three-wire double stage solar PV array-pico-hydro
and battery with BDC based microgrid

MATLAB model of three-phase four-wire double stage solar PV array-pico-hydro
and battery with BDC based microgrid

Photograph of a laboratory prototype
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Fig. 7.29

Fig. 7.30
(a)-(b)

Fig. 7.31
(a)-(c)

Fig. 7.32
(a)-(d)
Fig. 7.33
(a)-(b)

Fig. 7.34
(a)-(f)

Fig. 7.35
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Fig. 7.36
(a)-(b)
Fig. 7.37

()-(b)

Fig. 7.38
(a)-(b)

Fig. 7.39
(a)-(b)

Fig. 7.40
(a)-(c)

Performance of TPTWDSSPHGB based microgrid during mode of switching from
IS to GC mode connected mode.

Power quality indices of TPTWDSSPHGB based microgrid in grid/DG set
connected mode (a) harmonic spectrum of ig (b) harmonic spectrum of is.

Power quality indices of TPTWDSSPHGB based microgrid in islanded mode (a)
harmonic spectrum of iny (b) harmonic spectrum of v (c) harmonic spectrum of i

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.

Performance of TPTWDSSPHGB based microgrid during mode of switching (a) IS
to GC mode (b) IS to DG set connected mode.

Power quality indices of TPTWDSSPHGB based microgrid in islanded mode (a)
Viabe and inyane (b) harmonic spectrum of v (¢) Harmonic spectrum of iny (d) Viane
and iabe () Harmonic spectrum of i (f) viane and iy

Power quality indices of TPTWDSSPHGB based microgrid in grid connected mode
(@) Viane and igane (b) harmonic spectrum of ig (C) Vianc and iLane (d) Harmonic
spectrum of i.

Performance of TPTWDSSPHGB based microgrid in IS mode (a) Ve, i,vi, I (b)
Ig, I, ivand Iy

Performance of TPTWDSSPHGB based microgrid in grid connected mode under
constant during unbalanced load condition and solar power variation (a) ig, iL,lv, In
(b) ig, iL,iv, Ib

Performance of TPTWDSSPHGB based microgrid in grid connected mode under
variable power mode during unbalanced load and solar power variation (a) ig, lpv,iv,
lo (b) ig, |pv,iv, I

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.

Power quality indices of TPFWDSSPHGB based microgrid in IS mode (a) harmonic
spectrum of iny (b) Harmonic spectrum of i. (c) Harmonic spectrum of v



Fig. 7.41
(a)-(b)

Fig. 7.42
(a)-(e)

Fig. 7.43
(a)-(e)

Fig. 7.44
(a)-(b)

Fig. 7.45
(a)-(b)

Fig. 7.46
(a)-(c)

Fig. 7.47
(a)-(d)

Fig. 7.48
(@)-(c)

Fig. 7.49
(a)-(b)

Fig. 7.50
(a)-(c)

Fig. 7.51
(a)-(b)

Fig. 7.52
(a)-(9)

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

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.

Power quality indices of TPFWDSSPHGB based microgrid in islanded mode (a)
Vpee and iny (b) harmonic spectrum of iny (C) Vpee and iL (d) Harmonic spectrum of i.
(e) PV array MPPT curve

Power quality indices of TPFWDSSPHGB based microgrid in grid connected mode
(@) Viabe and iganc (b) harmonic spectrum of ig

Performance of TPFWDSSPHGB based microgrid in IS mode (a) iny, iLiv, Ib (b)
ihyn, il_n, il_ and ivn

Performance of TPFWDSSPHGB based microgrid in grid connected mode under
constant and variable power mode during unbalanced load and solar power variation

(@) ig, lpw,iv, 1b (B) ig, lpv,iv, Ib (C) ig, lpv,iv, Ib

Performance of TPTWSSSPHGBB based microgrid during mode of switching from
ISto GC

Power quality indices of TPTWSSSPHGBB based microgrid in IS mode (a)
harmonic spectrum of iny (b) Harmonic spectrum of iL (c) Harmonic spectrum of v,

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

Performance of TPTWSSSPHGBB based microgrid (a) at unbalanced load
condition in GC (b) solar power variation in GC (c) unbalanced load condition in
IS.

Performance of TPTWSSSPHGBB based microgrid during mode of switching (a)
Ihy, Ib,ig and v (b) iL,vg,ig and v

Power quality indices of TPTWSSSPHGBB based microgrid in IS mode () Vianc
and iny (b) harmonic spectrum of v (¢c) Harmonic spectrum of iny (d) Vianc and iv (€)
Viabe and ir (f) viane and ic (g) Harmonic spectrum of i
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Fig. 7.53
(@)-(9)

Fig. 7.54
(a)-(d)

Fig. 7.55
(a)-(b)

Fig. 7.56
(a)-(b)

Fig. 7.59
(a)-(b)

Fig. 7.60
(a)-(e)

Fig. 7.61
(-1

Fig. 7.62
(a)-(c)

Fig. 7.63
(a)-(c)

Fig. 7.64
(a)-(d)

Fig. 7.65
(a)-(b)

Fig. 7.66

Fig. 7.67
(a)-(c)

Power quality indices of TPTWSSSPHGBB based microgrid in GC mode (a) Vianc
and ig (b) harmonic spectrum of ig (C) Viabc and iranc (d) Harmonic spectrum of i
(e) Viane and iy (f) Harmonic spectrum of iy (g) MPPT curve at 1000W/m?

Performance of TPTWSSSPHGBB based microgrid in IS mode (a) Vdc, iy, lpv and
Ib (B) iny, I, Iv and Iy (C) Vac, Ib, iLa @nd inya (d) ivg, Iy, iL2 and v

Performance of TPTWSSSPHGBB based microgrid in grid connected mode under
constant during unbalanced load condition (@) iLa, iLc,iLb, Ib (B) ig, iL,iv, In

Performance of TPTWSSSPHGBB based microgrid in grid connected mode under
constant and variable power mode during solar power variation (a) ig, lpv,vL, Ib (D)
ig, |pv,iv. )

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

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 1S mode (e) at unbalanced load condition in GC.

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

Phya, (0) Phyb, (C) Phye (d) Pra, , (€) Puo (F) pre () Pva (h) pub (i) pve (i) Load neutral
current (k) VSC neutral current (I) source neutral current.

Power quality indices of TPFWSSSPHGBB based microgrid in IS microgrid (a)
Harmonic spectra of iny, (b) Harmonic spectra of vi, (c) Harmonic spectra of i.

Power quality indices of TPFWSSSPHGBB based microgrid in GC microgrid (a)
Viabe and ig (b) harmonic spectrum of ig (c) MPPT curve at 750W/m?

Performance of TPFWSSSPHGBB based microgrid in IS mode under load
unbalance (@) iLc, inya , ivand lp (b) iLn, inyn,iva and i (€) Ve, lpv, Vb, I (d) Vi,iny,lpv and
iL.

Performance of TPFWSSSPHGBB based microgrid in grid connected mode under

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

Performance of TPTWDSSPHGBB based microgrid during mode of switching
from IS to GC mode

Power quality indices of TPTWDSSPHGBB based microgrid in IS microgrid ()
harmonic spectrum of iny (b) Harmonic spectrum of i (c) Harmonic spectrum of
VL.
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Fig. 7.68
(a)-(b)

Fig. 7.69
(a)-(c)

Fig. 7.70
(a)-(b)

Fig. 7.71
(@)-(9)

Fig. 7.72
(a)-(c)

Fig. 7.73
(a)-(b)

Fig. 7.74
(a)-(b)

Fig. 7.75
(a)-(b)

Fig. 7.76

Fig. 7.77
(@)-(c)

Fig. 7.78
(a)-(b)

Fig. 7.79
(a)-(c)

Fig. 7.80
(a)-(d)

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

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.

Performance of TPTWDSSPHGBB based microgrid during mode of switching (a)
IS to GC mode (b) GC to IS mode of microgrid.

Power quality indices of TPTWDSSPHGBB based microgrid in 1S microgrid (a)
Viabe and iny (b) harmonic spectrum of v (c) harmonic spectrum of iny (d) Viabe and
iLac (€) Harmonic spectrum of i. (f) Viane and iv (g) MPPT curve at 500W/m?

Power quality indices of TPTWDSSPHGBB based microgrid in GC microgrid (a)
Viabe and ig (b) harmonic spectrum of ig (C) Viane and .

Performance of TPTWDSSPHGBB based microgrid (a) at unbalanced load
condition in IS mode (b) solar power variation in IS mode

Performance of TPTWDSSPHGBB based microgrid in grid connected mode under
constant during solar power variation (@) ig, lpv,iv, Ib (D) ig, lpv,iv, In

Performance of TPTWDSSPHGBB based microgrid in grid connected mode under
variable power mode during unbalanced load and solar power variation (a) ig, lpv,iv,
lo (b) ig, |pv,iv, I

Performance of TPFWDSSPHGBB based microgrid during mode of switching IS
to GC mode

Power quality indices of TPFWDSSPHGBB based microgrid in IS mode (a)
harmonic spectrum of iny (b) Harmonic spectrum of i (c) Harmonic spectrum of
VL.

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

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.

Power quality indices of TPFWDSSPHGBB based microgrid in IS microgrid (a)
Viabe and iny (b) harmonic spectrum of iny (C) Viane and iLane (d) Harmonic spectrum
of iL
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Fig.
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8.6

8.7

8.8

8.9

8.10
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8.12

8.13

8.14

Power quality indices of TPFWDSSPHGBB based microgridin grid connected
mode (a) Viane and ig (b) harmonic spectrum of ig (¢) MPPT curve at 1000W/m?

Performance of TPFWDSSPHGBB based microgrid (a)-(b) at unbalanced load
condition in IS mode.

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_,il_n, ivn and ign (C) ig, Ipv,iv, Ib

Three-phase three-wire double stage solar-wind-battery based microgrids with
seamless grid/DG set synchronization.

Three-phase four-wire double stage solar-wind-battery based microgrids with
seamless grid/DG set synchronization.

Three-phase three-wire single stage solar-wind-battery with BDC based microgrids
with seamless grid/DG set synchronization.

Three-phase four-wire single stage solar-wind-battery with BDC based microgrid
with seamless grid/DG set synchronization.

Three-phase three-wire double stage solar-wind-battery with BDC based microgrid
with seamless grid/DG set synchronization.

Three-phase four-wire double stage solar-wind-battery with BDC based microgrid
with seamless grid/DG set synchronization.

Wind MPPT algorithm
Block diagram of machine side VSC control
Solar MPPT flow-chart

Control of LSC of TPTWDSSWB based microgrid for islanded mode and grid/DG
set synchronization

Control of LSC of TPTWDSSWB based microgrid in grid/DG set connected mode
Phase angle estimation
Control of LSC of TPFWDSSWB based microgrid in grid/DG set connected mode

INC MPPT technique
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Fig. 8.18

Fig. 8.19
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Fig. 8.21
Fig. 8.22

Fig. 8.23
(a)-(c)

Fig. 8.24
(a)-(b)

Fig. 8.25

Fig. 8.26

Fig. 8.27

Fig. 8.28

Fig 8.29

Fig. 8.30

BDC control technique

Control of TPTWSSSWBB based microgrid for islanded mode and grid/DG set
synchronization

Phase angle extractor

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

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

Control of TPTWDSSWBB based microgrid for islanded mode and grid/DG set
synchronization

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

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

MATLAB model of three-phase four-wire double stage solar PV-wind and battery
based microgrid (a) microgrid model (b) LSC mode

MATLAB model of three-phase three-wire single-stage solar PVV-wind-battery and
BDC based microgrid

MATLAB model of three-phase four-wire single stage solar PV-wind-battery and
BDC based microgrid

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

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

Photograph of a laboratory prototype

Performance of TPTWDSSWB based microgrid during the mode of switching from
IS to GC
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Fig. 8.32
(a)-(d)

Fig. 8.33
(a)-(b)
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Fig. 8.35
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Fig. 8.36
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Fig. 8.37
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Fig. 8.38
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Fig. 8.39

Fig. 8.40
(a)-(c)

Fig. 8.41
(a)-(e)

Fig. 8.42
(a)-(e)

Power quality indices of TPTWDSSWB based microgrid in islanded mode (a)
harmonic spectrum of ig (b) harmonic spectrum of iL (c) harmonic spectrum of v

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.

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.

Power quality indices of TPTWDSSWB based microgrid in GC microgrid () Vianc
and iganc (b) harmonic spectrum of v and Harmonic spectrum of ig (C) Viabe and iLanc
(d) Harmonic spectrum of i. (&) Vianc and iv (f) Harmonic spectrum of iv

Power quality indices of TPTWDSSWB based microgrid in IS microgrid (a) Vianc
and iLanc (b)PL (c) harmonic spectrum of vi (d) Harmonic spectrum of i_ (e) PV
MPPT curve.

Performance of sensorless wind generator control of TPTWDSSWB based
microgrid (a) hodograph y, (b) hodograph iy (a) Wo , Wp ia, ig (d) Nref, iwa, wb iwc.

Dynamic performance of TPTWDSSWB based microgrid in islanded mode (a)
under load perturbation (b) under solar insolation change (c) wind speed variation.

Dynamic performance of TPTWDSSWB based microgrid in grid connected mode
(@) solar irradiance change, (b)-(c) load unbalanced condition (d) wind speed
variation.

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

Power quality of TPFWDSSWB based microgrid indices in IS and GC microgrid
(@) Harmonic spectrum of v (b) harmonic spectrum of ig (¢) Harmonic spectrum of
i

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.

Power quality indices of TPFWDSSWB based microgrid in GC microgrid (a) vg
and ig (b) harmonic spectrum of ig (¢) vg and i. (d) Harmonic spectrum of i (e) PV
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Power quality indices of TPFWDSSWB based microgrid in DG set connected mode
(@) vg and is (b) harmonic spectrum of is

Performance of sensorless wind generator control of TPFWDSSWB based
microgrid (a) hodograph y, (b) hodograph is (C) Wo , Wp lo, ig (d) Oest, iwa, iwb Iwc.

Performance of TPFWDSSWB based microgrid in DG set connected mode (a) v, is
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(@) Viabe and ivane (b)PL (c) harmonic spectrum of v (d) Harmonic spectrum of i, (e)
solar PV MPPT curve.

Fig. 8.53 Performance of sensorless wind generator control of TPTWSSSWBB
based microgrid (a) hodograph v, (b) hodograph ia (¢) Wo , Wp ia, ip (d) Oest, iwa, iwb

lwe.

Dynamic Performance of TPTWSSSWBB based microgrid in grid-connected mode
(a) solar irradiance change Vac, Vb, lpv and igc without feed-forward term (b) Load
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Dynamic performance of TPTWSSSWBB based microgrid in islanded mode (a)
load unbalanced Vsan, lpv, Ib and iLsc(b) solar irradiance change Vsab, lpv, Iv and icsc
(C) Ipv, Ib, wind Speed, iwa (d) Ipv, Ib, eest, iwa

Performance of TPFWSSSWBB based microgrid during mode of switching IS to
GC mode

Power quality indices of TPFWSSSWBB based microgrid in IS and GC microgrid
(@) harmonic spectrum of ig (b) Harmonic spectrum of i (c) Harmonic spectrum of
VL.

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.

Power quality indices of TPFWSSSWBB based microgrid in GC (a) v and ig (b)
harmonic spectrum of ig (c) vL and i. (d) harmonic spectrum of i. (e) vL and iy (f)
PV MPPT curve.

Performance of sensorless wind generator control of TPFWSSSWBB based
microgrid (a) hodograph y, (b) hodograph ia (¢) W , Wp iq, ip (d) Nest, iwa, iwb iwc (€)
wind speed, iwa, iwb iwc -

Performance of TPFWSSSWBB based microgrid in DG set connected mode (a)
v, I, Is, L (D) lpv, Vide, Ib @and i (C) lpv, Oest, Wind speed, iwa (d) lpv, Ib,wind speed, iwa.
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Performance of TPTWDSSWBB based microgrid during mode of switching
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Performance of TPTWDSSWBB based microgrid (a) at unbalanced load condition
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Performance of TPTWDSSWBB based microgrid during mode of switching (a) IS
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mode (a) vi, ig (b) Harmonic spectrum of v and ig (C) Vi, ig (d) Harmonic spectrum
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LVIII



Fig. 8.68
(a)-(e)

Fig. 8.69
(a)-(e)

Fig. 8.70
(a)-(b)

Fig. 8.71
(a)-(b)

Fig. 8.72
(a)-(d)

Fig. 8.73

Fig. 8.74
(@)-(c)

Fig. 8.75
(a)-(e)

Fig. 8.76
(a)-(e)

Fig. 8.77
(a)-(c)

Fig. 8.78
(a)-(d)

Fig. 8.79
(a)-(c)

Fig. 8.80
(a)-(c)

Fig. 9.1

Steady state performance of TPTWDSSWBB based microgrid in islanded mode (a)
ve and i. (b) P (c) Harmonic spectrum of v (d) Harmonic spectrum of i. (e) PV
MPPT curve

Performance of sensorless wind generator control of TPTWDSSWBB based
microgrid (a) hodograph v, (b) hodograph is (¢) Wa , Wp ia, ig (d) Oest, iwa, iwb iwc, (€)
wind speed, iwa, iwb iwc.

Dynamic performance of TPTWDSSWBB based microgrid in grid connected mode
at solar irradiance change (a) Ve, Vpv,lpv and ig (b) Ve, Vv, lpv and ig

Dynamic performance of TPTWDSSWBB based microgrid in grid connected
mode at unbalanced load (a) and (b) load unbalanced

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.

Performance of TPFWDSSWBB based microgrid during mode of switching IS to
GC mode.

Power quality indices of TPFWDSSWBB based microgrid in IS and GC microgrid
(@) harmonic spectrum of iny (b) Harmonic spectrum of i (c) Harmonic spectrum
of v

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

Power quality indices of TPFWDSSWBB based microgrid in DG set connected (a)
vL and is (b) harmonic spectrum of v (c) harmonic spectrum of is (d) v and i. (e)
harmonic spectrum of i,

Power quality indices of TPFWDSSWBB based microgrid in GC connected mode
(@) vL and ig (b) harmonic spectrum of ig (c) PV MPPT curve.

Performance of sensorless wind generator control in TPFWDSSWBB based
microgrid (a) hodograph v, (b) hodograph i (¢) Wo , Wp ia, ip (d) Oest, iwa, Twb Twe.

Performance of TPFWDSSWBB based microgrid in DG set connected mode (a) ig,
lo, it and iy (b) iy, ig, lpv and Iy (¢) lpv, wind speed, lpv and iwa

Performance of TPFWDSSWBB based microgrid in grid connected mode (a) ig, Ib,
iLand iy (b) iy, ig, lpv and Iy (C) wind speed, iwa, iwb, and iwc.

Three-phase three-wire double stage solar-wind-pico-hydro battery based microgrid
with seamless synchronization to grid/DG set.
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microgrid with seamless synchronization to grid/DG set.
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Wind MPPT algorithm

Solar MPPT flow-chart
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Control of TPTWDSSWPHB based microgrid in grid/DG set connected mode

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

Power quality indices of TPTWDSSWPHB based microgrid in islanded mode (a)
harmonic spectrum of iny (b) Harmonic spectrum of i (c) Harmonic spectrum of v,

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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variation in GC (d) unbalanced load condition in GC.
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Viabe and igabe (b) harmonic spectrum of vi (c) Harmonic spectrum of ig (d) Vianc and
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Power quality indices of TPTWDSSWPHB based microgrid in IS microgrid (a)
Viabe and inyabe (B) harmonic spectrum of v (c) Harmonic spectrum of iny (d) Viane
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