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Power Quality Improvement in Distributed Generation Sources Based Microgrids

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

Improvement in Distributed Generation Sources Based Microgrid.
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The outline of presentation is:
e Introduction to microgrid
e Power quality improvement in grid integrated solar PV based microgrid

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

microgrid

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

based microgrid



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

based microgrid
e Power quality improvement in microgrid for electric vehicle charging station
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What is Microgrid?
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Microgrids are electricity distribution systems containing loads and
distributed energy resources, (such as distributed generators, storage
deyices, or controllable loads) that can be operated in a controlled,
cog}aated way either while connected to the main power network or
while slanded.

This is typically the concept of microgrid. Microgrids are electrically distributed system
containing loads, distributed energy sources; such as distributed generator storage device
and controllable load, that can be operated in a control coordinated way either while
connecting to the main power network or while islanded.
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How Does A Microgrid Work?

*The traditional grid connects homes, businesses and
other buildings to central power sources.

*\When part of the grid needs to be repaired, everyone is
affected.

* Microgrid generally operates while connected to the
grid, but importantly, it can break off and operate on its
own using local energy generation in times of crisis like
storms or power outages, or for other reasons.

» Microgrids fueled by:
» Distributed generators
. * Batteries
ﬂ * Renewable resources

NPTEL

And how does microgrid work? The traditional grid connect homes business and other
buildings to central power sources and when part of the grid needs to be repaired

everyone is affected.

And microgrid generally operate while connected to the grid, but importantly it can
break off and operate on its own using the local energy generation in times of crisis like a
storm or power outage or for other reasons. And microgrid may be fueled by distributed

generators, batteries and renewable energy sources.
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Benefits from Microgrid
= Utilities
* Better power control and reliability
* Reduced energy losses
* Dynamic demand response
* Realistic pricing model
* Increased demand response capability
* Customers
= Choices of differentiated services
* Reduced prices
* [mproved reliability
- " Society

{*} =Integration of green energy sources Solar, Wind, Biomass,
wiz  Geothermal




And benefits from the microgrid for the utility are: better power control and reliability,
reduced energy losses, dynamic demand response, realistic pricing model and increased
demand response capability. And for customer it provides choices for differentiated
services and reduce prices and improved reliability. And for society it is an integration of

green energy sources like solar, wind, biomass, geothermal.
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Microgrid Projects in India

* Sixty three Solar Micro Grids
Installed in India So Far.

* India now has the world's
largest solar array at Kamuthi,
Tamil Nadu.

» As of mid-2018, India scaled
up its renewable energy goals
from 175 GW to 227 GW over
the next four years, with about
40 GW of that goal
representing rooftop solar.

NI;’TEIL
World's largest solar array at Kamuthi, Tamil Nadu

There are 63 solar microgrids installed in India. India now has the world’s largest solar
farm at Kamuthi, Tamil Nadu. As of 2018, India scaled up renewable energy goals from
175 gigawatt to 277 gigawatt over the next 4 years with about 40 gigawatt of the goal

representing rooftop solar.
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Power Quality Improvement in
Grid Integrated Solar PV-Battery
based Microgrid

NPTEL

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

microgrid.
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Single-Stage PV-BES Microgrid with Seamless Islanding and
Resynchronization Capability
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We have a single-stage solar PV array and BES is connected with the buck boost

converter.
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Control Strategy

The control strategy of solar PV-BES microgrid has three
main parts
» The incremental conductance MPPT control for
solar PV array
» Control for VSC
* Current control for VSC
% Synchronization controller
* Phase angle checking

* Voltage control for VSC

-

53

49 » Battery with bidirectional converter control
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The details of the control strategy are provided in the screenshots herein.
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Current Control for VSC
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Current Control Technique for VSC

» Estimation of Unit Templates & Amplitude of Terminal
Voltage

» Estimation of Active Power Components

» Generation of Reference Three-phase Grid Currents

’%)- Generation of Gating Signals

NPTEL
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* The phase voltages are obtained from sensed grid line
voltages(Vszs, Vspe)

Ve 2 1 0fv,
Vy :% -1 1 0fw
v, -1 2 0/ 0

=

* The PCC voltage amplitude (V;) is calculated as
2 2 2 7
Vt = \/3:* Vv;a & ":.b 2 v:-c /
{

* The calculation of in-phase unit templates (up,, Uy, Uy) as,

’3" u = Vi

y, =2y e =
s%oh — ’ -
p pe V’
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* Estimation of initial value of active power component for ‘a’ phase

8,6@1)=5,,@+y,,(0*0,(@*w, @)

—

* The evaluation of variable step size for the adaption of
regularization parameter .
A

vg——
@)+, @)

* The computation of adaptive regularization parameter

P+ =p,@-0*V, H,(Q
-y]'he evaluation of current error &, (q) of active constituent
Hl?'rEZ {)pa (q) = f(c)g = i[g (q) = (“pa (q) 5 Spa (q)
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* An average value of active load current (S, ,,,) is derived
from /., and /5 and Iy, as,

s s/s/
K +‘p’>+
s /

3
£ 7~
* The active part corresponding to the battery power (P) is
estimated as,
e ~
i

1

* The active part corresponding to the P, is
#~gstimated as,

1
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* The amplitude of grid reference current is evaluated as,

* The reference grid currents are evaluated as,
- - * * — * o = %
i, —SL,, Upgoly -Slp Uyl -Slp U,

= ~ —
- &

* These currents are compared with sensed grid currents (i,
Ig, Is;) and errors are generated as,

TR . AT I
L.k =1 —1

lersa = lsa _Isa’lersb = Isb sb 2 “ersc 56 ISC

* These current errors are given to hysteresis controller, to
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Discrete PR Regulator

Voltage Controller for VSC
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Voltage Control Technique for VSC

* The reference load voltages (v, v}, v*,) are generated as,

. : . ’ ) . ; 2
v =K sm((o”ft), v, =V sin (“’mf"?ﬂ)ﬁu =V sin (a)meT”]

* The generation of error between reference load voltages
and sensed loads voltages generates error,

Via () =V =V Vi () = Vs =V Vi @) = Vi =V,
* These errors are given to PR regulator to give reference
load current of phase &’
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* Similarly i, and i, are calculated. The sensed
load voltages (i, ip iic) are compared with /%,
I o and the current errors are given to
hysteresis controller to produce the switching
pulses for VSC.

Bidirectional Converter Controller

l’ Ibv
T = TNRLLE R
Regulator| 3|~ || Regulator| |Generator l E S

/ Vda
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* The bidirectional controller consists of two main
parts

* The voltage control of DC link of VSC
* The current control of the battery

» V. and V,, are compared V,, is fed to a Pl regulator
Vi (n) =V, (m) =V, ()

* Generation of reference battery current (/') is the
output of Pl regulator

*f) L(n+ D)=L (m+K,, V, (n4 D +K, 7, (n+1)-V,, (n)}

MPTEL
~——
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» Generation of error () by comparing I’ with
sensed battery current (/)

Ir:I;I—[b

e

I;

t

* The ly is given to Pl regulator and its output current
(I',) is evaluated as,

L(n+)=L (n)+ ki, L, (n+ 1)tk AL, (n+1) =L, (m)}

—

v [, is given as duty cycle for pulse width modulation
#~  (PWM) generator, which generates switching logic
’9 for buck-boost converter

MNPTEL
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Simulation System Parameters
A. [Solar PV Array Pp,=285kW, Voo =329V, I, =8.21A, V;,, = 26.3
V, g™ 7.61A, Ne=14, No, =1, R = 0.2210, R =
415.405 Q.
B. |BES V= 240 V and Ampere hour (Ah) = 7.
C. |Nonlinear Load:3 phase R=200hm,L=02H
diode bridge rectifier
D. |Interfacing inductorsand | L;=3mH, C;=10pFand R;=5Q,
ripple filter
E. |Filter control parameter A=l o=t
F. [Bidirectional DC-DC Koge = 2, kige = 0.7, ko = 0.2 and kip = 0.4, Ly = 5
7 sonverter mH
G;p ‘ ILoltage Controller Pl gains |Voltage Controller PR gains; ky, = 2, ky,70.2

The parameters used for the simulation analysis are provided here.
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Simulation Results
Grid connected to standalone ‘ Standalone to grid connected_

oW 1 ‘::
BN AVAVAVE o v v S S WW

bt . ~- - - - =
ot A e VAVAVAVAVAV,
_.‘i&,/\/\/\7 IO L v Ay ]
WK . X s . S r —3
: :

"
3 st
R
jou gl
o '
(213 o
[} St
1
of IF
7~ 4 LI r
i S o
R7 S v
5 ] % 1] u [ L ue S e S TR
NPTEL e T e

The simulation results are provided in the screenshots herein.
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Simulation Results
System response under System response under
disconnection of load of phase decrease in solar insolation
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Simulation Results

Harmonic pattern of load current Harmonic pattern of grid current
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= Sampling time of 20ps.

simulator).

* Opal-RT has
* 32 digital inputs and outputs

" Hall-Effect sensors utilized are
*9 = Voltage sensors (LV-25)
NPT * Current sensors (LA-55P)

EL

Hardware Implementation
= System implemented with OPAL-RT (OP4510)
* 4 Intel cores 3.30-GHz processdr

= Control algorithm loaded into OPAL-RT( real time

Y

* 16 analog inputs and outputs.

The parameters used for the experimental analysis are provided here.
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Experimental System Parameters
A. |Solar PV Array Ppy= 2116 kW, Vo =418V, I =
6.2A, V=360V, I, =5.87 A,
B. |BES Vjz = 240 V and Ampere hour
(Ah) =35
C. |Nonlinear Load: R=60Q,L=02H
3 phase Diode bridge rectifier
D. |Interfacing inductors and L;=5mH,C;=10pFand R;=5
ripple filter Q,
E. [Filter control parameters A=1.Tand 0 =1
F.  [Synchronization controller PI |k,=1, k=0.07
parameter
G. |Bidirectional DC-DC Kpge = 0.25, Kige = 0.01, Ky, = 0.15
converter and k;,, = 0.003, L, =6 mH
@ H. |Voltage Controller Pl gains |k,,pv =0.9, ky,=0.01
& I. |3 phase grid voltage '220 Vrms (L-L)

And these are the data of practical system.
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Experimental Setup

This is the photograph of the practical system.

(Refer Slide Time: 13:15)

System Response during Grid Connected
Mode to Standalone Mode
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The simulation results are provided in the screenshots herein.
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System Response during Standalone Mode

to Grid Connected Mode
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System Response Under Removal of Phase ‘a’ Load
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System Response at Change in
Solar Insolatlon
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At 600 W/m?

Opereating’
Point

Response of MPPT Method

At 1000W/m?
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System Response at Change in Load
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Power Quality Improvement in
Grid Integrated Wind-Solar PV-
Battery based Microgrid

NPTEL

Now, coming to power quality improvement in the wind solar PV with battery based

microgrid.
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Grid Integrated Wind and Solar Based AC Microgrid
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Here is the system where we have wind generation from synchronous generator with
variable speed generation. SPV array is connected at DC link. And here on the DC link

we are keeping a battery with the buck boost converter.
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Control Algorithm

- Control of grid side voltage source converter (GVSC)

- Control of machine side voltage source converter (MVSC)
- Control of bidirectional DC-DC converter o
- Extraction of maximum power form the wind

- Extraction of maximum power from the slar

-

NPTEL

The control algorithm is explained herein.
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Control Algorithm
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Control Algorithm
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Control Algorithm
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Control Algorithm
MPPT Control

The governing equations are given as for Wind MPPT are,
Wgen ref (1) = Wgen ref(n—1) 4+ Agen;
APy > 0and Awgen o> 0 ==
APyen < 0and A wep et < 0

if

Wgen ref(n) = Wgen ref(n_l) == Awgen:

. : APgen > () and Awgen st < 0 P '
® A Py 0:and Awgey ot > 0

MPTEL
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Control Algorithm
The governing equations are given as for Solar MPPT are,
rrcf — va(n) F Sign{vp\*(n) - va(n - 1)}*Sign
(AP, AV (n).
%)
(Refer Slide Time: 18:35)
Control Algorithm

GVSC Switching Control

Phase voltages are computed from two sensed line voltages as,
2 2
Uga = i [lvgab + l‘gbc] 1Ugh = i [_Ugab F ngc]

2
Uge = <§> [~Ugab — Vghe] -

p
The terminal voltage amplitude is computed as,
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Control Algorithm

Evaluation of DC Active Loss Component,

Vdce(n) = Vdcref(n) - Vdc(n) —

Wind Feed-Forward Term,
2 inaln)
W

Wy (n) =

Solar Feed-Forward Term,

20 2va(n >
9 upt(n) =35 -
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Control Algorithm

The fundamental active components for each phase of load currents are,

Wpa(n + 1) = wpa(n) + 2€epa(n)upa(n)

B Y, L
+ﬂ[11‘pa(”) U pa(n l)] epa(”) — jLa(n) = Hpa(N) X U'pa(“)
upn-+1) = wp(n) + 2epm(nhum(n) (n) =i (n)/— tpp (1) X wpp(n)
/ +afupp(n) — wpb(n — 1)] " By .Lb pb‘ 3
Wpe(n + 1) = wpe(n) + 2Lepe(n)upe(n) s e S

/ + afwpe(n) — wpe(n—1)]. ——

MNPTEL
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Control Algorithm

The load current weight component is calculated as,

_ Wpa + Wpb + Wpe_ ~
?UL — <
g 3

The net weight component is calculated as,

Wpet :@@ — Wpvff — Wwff
i = et

Estimation of Reference Grid Current,

e

lg?f@[ = Upa XWnetlgh ref = Upb X Wnet; Yge ref = Upe X Wnet
H; EL -
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Control Algorithm
MVSC Switching Control

e

The speed error is calculated as,

wgen error — wgen ref — wgen est
e S

The Pl speed controller governing equation is given as,
[q ref<n) = Iq ref(n - 1) =+ k'igen{wgen error(n)

- wgen error(n m 1)} + kpgen {wgen error('n')}

7
'

(¥

MPTEL
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Control Algorithm

The |4 component is obtained as,

NPTEL
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Microgrid Response at Steady State Condition
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The experimental results are displayed in the screenshots herein.
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Microgrid Response at Steady State Condition
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Microgrid Response at Dynamic Condition
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"% Behavior of the microgrid under wind speed changes
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Microgrid Response at Dynamic Condition
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Microgrid Response at Dynamic Condition
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Microgrid Response at Dynamic Condition

A WAy feeqn

= 20A/divt }10_1:;13

W =5A/div ;

¥ 0
+ load
I
(e) ()
[ 5 Pog= kWA e || No. % ==
&8 "': N No s Pro lkw:@:\‘_ full
|22 4 donnection load 3/ : load to
§ b Pua =25 kWY phase s’ | O R} Puins 25 KWAN 1o |
| T | Py =2.5kW/div Toad } 12 5cwidy load
1[;:&: T;ﬁ’mﬁZ.SkW:‘di > 4 b 1Py=2.5K _‘_i‘.‘
Sie i =
@ (h)

Response of the microgrid under load disruption
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Microgrid Response at Dynamic Condition
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Microgrid Response at Dynamic Condition
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Microgrid Response at Dynamic Condition
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Microgrid Response at Dynamic Condition
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Microgrid based on Wind Driven SynRG - Solar PV Array
with Boost Converter and Battery with Seamless Transfer
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Now coming to another topology of microgrid; microgrid based on wind driven
synchronous reluctance generator and solar PV array. And then we have a the battery
here connected on the DC link.
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Main Control

Control Architecture

el Gate pulse [
Generationd™ #T—2x-

C-SOGI Filter

Conbba
- (*) [
=
e |
» The inclusion of C-SOGI filter, re-
moves DC, odd and even har-
monics from the input signal,
without affecting its speed.
> The input signals (x) to C-SOGI
filters are load currents (in, iz
and i), and of componeqt of
the PCC votages (v2 and v})
» Transfer functions are as follows:

¢ [1-e19) rsigs
{ == oD

The control strategy and experimental results are displayed in the screenshots herein.
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Experimental Results - Steady state Performance
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Dynamic Performance During Grid Outage

Grid-connected to standalone mode Resynchronization
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Power Quality Improvement in
Grid Integrated Small Hydro-
Solar PV-Battery based
Microgrid

NPTEL

Coming to the power quality improvement in grid integrated small hydro solar PV

battery microgrid.
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Multi-Objective Control Algorithm for Small Hydro and SPV
Generation Based Dual Mode Reconfigurable System

/ Exatation Capacitors
Bousf Comerrer _D_: RIS
r— T

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

system.
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Control Technique

» MPPT controller fo@L

» VSC control Algorithm

_—
» Current control Algorithm (grid connected mode)

//_\
» Voltage and frequency control

» Switching control algorithm

> . g . /
', » Bidirectional converter control
METE%. /

The control strategy is described in the screenshots herein.
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Current controller (grid connected mode)

Extraction of active component of phase 'A"
(Harmonic elimination loop)

#— Voltages amplitude |V
Vyg—t and in phase unit  —>

tion of active
B' load

X, AL I¢ 15
k - of phase 'C' load current

Extraction of current component
of small Hydro contributuion

= Hysteresis relays
based controller

{% M=10% of BESS rating(A)(Charging)
: N=zero (or) discharging(depending

NPTEL on unit cost)
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Voltage and frequency controller (islanded mode)

Synchronization loop
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Switching controller

Synchronizing
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Bidirectional converter controller
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Expressions for Control Algorithm
Grid Connected Mode
In phase unit templates for current controller are estimated as,
y Vb v
k= 2 b= =2 k=2
ngar nga.r ngav

Whete, Vonar = [ 2{(05a)? + )2 + (750?)

The feed-forward current components of/srﬁll hydro generation and
SPV generation contn’b}ions are estimated as,
2%3
o Lsuf = 2Psy/Vomar = T(VaSHIaSH + Vasulpsn)
i [ gmax :

NPTEL Ip\ﬁr 2P, p\/ gmax —zvpllpl/ vema\
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Expressions for Control Algorithm

The current component corresponding to the contribution of the battery
power is calculated,

[bagff =2P bat/ Vg max — 2Vbat1bat1/ ngax

e
The amplitude of reference grid currents is estimated as,

|
Lo = g(ILai + Iipi + I = gt = Isg + Iparfy)

The instantaneous reference currents of grid are,

Q) i =Tk = ok 1 = ok
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Expressions for Control Algorithm
Islanded Mode
In phase unit templates for voltage/frequency control are estimated as,

VSHa VSHb VSHe S

. : 7 .
Zai W Abi = T4 =
VSHm(u' VSHmcL\ VSHmax

" Y Stimax = \/ Hsa) + (vsip)? + (vsie)?)

The quadrature unit templates are, o
~2i t Zec)/ ‘/§ Zpg = (324i + 25i — i)/ 2\/_
-
ﬁ?if“- ( 324 + i — i) /2\/—
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Expressions for Control Algorithm

An error of the frequency is computed as,

erry(r) = wg (1) — osu(r)

The frequency loop P! controller output is,
Ir(r) =I(r=1)+ kpf[errf(r) —ermp{r— 1)} + kirerrs(r)

An error of the voltage is computed as,

NPTEL

err\( ) VS’;’"U.\( ) - VSHI”(L\'(r). /
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Expressions for Control Algorithm

The voltage Pl controller output is as,

I,(r) =L(r-1) +kpxr{err\'(r) —erry(r = D)} + kierr, (r)

/
The amplitude of active reference currents of hydro generator s,

I
Ishi = E(IL(H' i+ 11ai) = Iy

(
The amplitude of reactive reference currents of hydro generator is,
_
) Isgg=1,
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Expressions for Control Algorithm

The instantaneous reference currents of hydro generator are,

ref ref 2 ref ref ref

ISHa = SHal SHaq UsHb = SHpi
ref ref ref ref
L SHbq ISHe = 'sHci T Sch

The input for the PI controller of synchronization loop is,

eA/(") = sin(fy(r) — Ysu(r)) ~ By(r) - Vsu(r)

MPTEL
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Expressions for Control Algorithm

—

Where,
ref
islanded mode.
Sy =
iﬂfl;@ded mode.

NPTEL

The Pl controller output for synchronization loop is,

o (=" " (r = 1)+kpslea(r) — ea(r = 1)} + kisea (r)

—

wgy = 314.16 rad/sec, when the grid is not available in

= 314.16 + o™, when the grid is available in
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nchronization of reconfigurable system voltage with grid voltage in

The simulation results are presented in the screenshots herein.
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Power Quality Improvement in
Grid Integrated Wind-Solar PV-
Battery-DG Set based Microgrid

P
R

MNPTEL

Now, coming to power quality improvement in the grid connected wind solar PV battery

based DG set based microgrid.
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Seamless Transfer of Renewable Based Microgrid
between Utility Grid and Diesel Generator

Loads
i’ ' M it

Capacitor
bank

The system configuration is shown in the above screenshot.
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Control Technique

+ Maximum power point tracking (MPPT) .~

« Control for standalone mode of operation

e

+ Control for grid connected mode of operation
T

« Transition from standalone to grid synchronization

—

+ Transition from grid synchronization to standalone operation

The control strategy i

s briefly described in the screenshots herein.
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MPPT control

Calculate v(k) and 1 (k)

Advantages of P&0 MPPT Technique

Pk)=v(k)* i (k)

»Simple

»Generic in nature e

»Can be implemented using
digital/analog circuitry [y - ] [om] [
»Two sensors are required to

implement =g

NPTEL
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Voltage and Current control
for grid connected operation
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Current controller for the VSC

of

igzla‘ V4 S,
[ QI
P\’j lbllh

. Lo
e | \dg0 i gdidg) "\ abc k-hll‘ .-II:
abc I ‘aiﬂ’ III
w 5 dq0
3-Ph| (snd, ,,.cos6,,,.) - 99‘ .

PLL

Ly

s

T Vaabe/dgabe

MPTEL

(Refer Slide Time: 30:06)

Phase angle matching using Pl controller
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Control Algorithm Expressions

The reference voltages for an islanded mode are derived as,

v, =V, sin(ext)

2
vy, = Vysin (a)ot = ?) /

" oy 2n
v =V, sin{ oyt + 3

The load currents in the three phases are converted into the d-g-0

frame using, . I
g iLg - cos f, —sinf, 5\ i
= . B S 24 g 21 l (!
a iLg | = 3| cos (0, - %) -sin(6,-%) ; iLp
WPFEL 1L0 Cos (f)g + ’TT) sin (6, + ’77) % ILe
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Control Algorithm Expressions

The reference active components of source is estimated as,
-
Iy = (la =1y~ hy)
The active component of wind current is,
Pw
= W

The active component of solar PV current is,

/8

: Pey
a Iy = 3V,
NPTEL |
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Control Algorithm Expressions

Using inverse Park transform, reference grid currents are,
i:a = i(Id sinfl, + I, cos )
e o
i3 = %[ld sin (6, — 27/3) + 1, cos(8, — 21/3)]
<
i;‘c = i[Id sin (Og - 27!/3) + 1, cos(8, +21/3)]

Where,
*9 Ij=Iyand I, =0
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Control Algorithm Expressions
The angle error is estimated as,

sin(f, — 6sq) = (6, — 054) = AO

e

NPTEL
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Standalone mode of operation of microgrid
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The simulation results are provided in the screenshots herein.
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Synchronization of microgrid to the grid
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De-synchronization of microgrid from grid
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3

Performance at Island Mode at Nonlinear Loads

Steady state performance

of standalone microgrid

(a)Load current and load
voltage

(b) VSC current and load

voltage

(c)THD of load voltage

(d) Load power

(e) VSC power

(f) solar power

(g) wind power

(h) battery power

The experimental results are provided in the screenshots herein.
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Performance under Grid Tied Mode at Nonlinear Loads
RN

Performance of microgrid during grid connected mode (a-c) Grid
O, current (ig;), Load current (i), VSC current (ic;) with Vg, (d-f)
a Harmonic content of line voltage, load current and grid current (g)
WPTEL Py (h) Py (i) Pyg (j) wind power (P,) (k) solar power (P, (1) Py
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Performance Under DG Operated Mode
With Renewable Power Generation

Performance  of  microgrid
during grid connected mode (a-
c) Grid curent (iy), Load
current (i,), VSC current (ic,)
with Vg, (d-f) Harmonic content
of line voltage, load current and
grid current (g) Py (h) Py (i) Py
() wind power (P,) (k) solar
power (va) (l) Pbt‘

(2 (h) (i)
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Performance during Grid
Synchronization and Desynchronization

Process
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Microgrid Dynamics with Wind Speed
Variation and Insolation Change
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Performance during Diesel Generator

Dynamics
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WECS-PV-BES-DG (SCIG) Based
Microgrid with Grid Synchronization
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=

o

;'\ B. Singh, “Control of Variable Speed WECS-PV-BES Based Microgrid with Grid Synchronization,” [EEE
Intergatiinal Conference on Environment and Electrical Engineering and 2019 IEEE Industrial and Commercial
Power Systems Europe (EEEIC / I&CPS Europe), Genova, Italy, 2019, pp. 1-6.

This is another configuration whose control strategy, simulation results and experimental

results are described in the screenshots herein.
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Features

The control strategy is categorized into three different parts

such as

(1) LSC control for standalone and synchronization control
(2) L§C control for grid connected mode

(3) MS\C and solar PV control

e
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Machine Side VSC Control Algorithm

* The machine side VSC is controlled through indirect FOC (Field Oriented
Control), and this algorithm is based on flux inverse dynamic of the model-

* |n indirect FOC, the rotor flux is orientation is in d- axis of the frame. Since the
rotor flux is aligned to the d-axis, therefore,

[SST V)

L
v,=¥, v, =0 =3P lvd]

* |n FOC, the torque and flux are used for estimating the reference (I and I)
current, which are given ?follows
1

(e ) . : zL,f,
= 14; :( : j‘lfr [q! = P
Fo A SPLY,
¥

NFTEL Lm) =T, (m-1)+k,{(0,(m)-o0, m-D}+k, {0, (m)}
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Machine Side VSC Control Algorithm

* The reference three-phase generator currents are estimated as,

' ), . [, 2m), +) (, ).+ [, 2) +
im':(sin(ﬂe)ld;wos(ﬂe)lqs‘) iy =[sin((9, :”Jldx rcos{BE :(J]ﬂ, er -(sm[ﬁer :[Jlds fcos| 6, + .‘TJIM
) \ J \ 5 y \ 3 \ 5 )

— St

» -
0* lqﬂ'dq ‘é b -';‘ . '

’ m Block diagram of machine
o, Te Vgl fibel “>°"S i qi
R IPT e side VSC control

S5

ML s

O
o

. Where 8, is the synchronous frame rotor axis angle and it is
mated as, :
x R I ——
WPTEL 0, I() dr+[(c) o,)dt =0, +j'S(o dt =8 +—I] —a't 0, +—Ii’dt
Vi d,

be
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Slmulatlon Results

\\ *The response of the grid connected

g = ind-PV system is analysed through
S ORI Sessessessess, . Wina-t V SYSIEN y 9
= PO e MATLAB/Simulink software platform.

IW'M'W"MM&' *The wind speed variation is

observed from the Fig. at time t=2.0
* s, the wind generated current |, is
R —— . also vary. Therefore, the grid

WWQ injected power is decreased.

1, (A) 1, (A) 1 A N (radisee)

s‘?“ Dynamics response of proposed grid-tied
‘\ PV-wind system under wind speed
NPTEL  perturbation
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Simulation Results
S RRERTR

*The solar irradiance variation is

observed from the Fig. at time
t=3.0 s, the PV current |, is also
vary. Therefore, the grid injected
power is become zero and the
reversal of grid current take
place.

0 R R
295 3 305 |

#> Dynamics response of proposed
grid-tied PV-wind system under
solar irradiance change
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+Fig. shows the load unbalanced
condition, at time t=0.6 s the one
phase of the load is removed
and the grid injected current is
still balanced and sinusoidal.

sHowever, the amount of grid
| injected current is increased,
o I N D Y0 when the one phase load is

79 removed.
= .Z-» ORI, wThe  simulated  results  are

0

ca——————  verified the dynamic response of
" : **  grid-connected wind-PV system.

Slmulatlon Results
0%

5,_ ..o.."oi'u'\'o"u’Ql

e Dynamics  response  of

39 proposed grid-tied PV-wind

win.  system  under  load
unbalanced
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Hardware Implementation

Wind Generator 1.0 kW, 230V

Solar PV 2.7kW
DSP Controller ~ D-SPACE-

1006
Interfacing 4.0mH
Inductor

Solar PV

Simnlator \f Three-phase Grid 230V,50Hz

\oltage and Hall-Effect (LV-
e N current sensors 25 and LV-50)

#2\ Hardware prototype of solar PV-wind energy
4 system with grid distribution network

These are typically the hardware of the prototype developed for the system.
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Steady-State Performance of Microgrid

e

-
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Power Quality Indices
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Steady-State Performance of Microgrid

O5AL LEAL - LUK 8.0
(37 WY BT EX )
3 ozx | UsRl - LMk s
08A l&n -3ak

®

NPTEL
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W W T G T G W ew e MUK D W uw o wew 0n

CH I, 104/div Y
; CHD: V.5 300V/div CH2: Vi 500V iy
0l i e e CHS 1y dv
il i i I I

eananaa ey 7 4
""'“/ CH3: iy, SA/div ST Solar irradiarce change CH: I, 24/div /
s . i nis=c
P

[ T o 3

Dynamic response of standalone microgrid under solar
PV irradiance variation and load perturbation
®




(Refer Slide Time: 35:47)

B o 5 aw

T

i r T\ CHI: iy, 104/div

L
Cdromonk! CHA: iy, 104/

aw ,m;(.} w7 N S 2w | ey N o S 4
T ( W |
L “_‘ _} f]l .lh vlm 1 ’ ln’fl
AP 1000W/nf " i 104/div L
i 5O
| cH3: I 24y
L /
w:maf. mﬂém, Cl: i SAldv

Dynamic response of grid connected microgrid under
solar PV irradiance variation and load perturbation

MNPTEL

|
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Standalone Mode Grid connected Mode
| 2
CHI: Vya S00V/div

CH: Vi, S00V/div

CCm:i 10MEY

CHdi SAMdv

CH2: 8, SVidv
T S
311 piesa 1 11 MR ki )
comeeted | (g, SVigy | commected
andalone Stndslone
Mode CH3:B20dy - Mode
e SndaoneMode |
T e AT | il

Response of microgrid under grid synchronization mode grid
synchronization and diesel generator set synchronization

o)

N

NPTEL
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B R — | T T
CH2: V. 100Vidv  CHY: V., 100Vidiy Loadewrenly, NANAANAARANANNA
Proposed MIMS® » + 4 40 AL UL UL

With PR control 1 coee N AT

Y
* - = T e e ENAN\ Nt
CH2: ¥, 100Vidiy _CHA: V., 100Vidy NMS I/ LMS based control
~ ) - /| Fastcomergence
~ ~ =
H and low steady
‘~(////1 4 / state error //

Stead¥error i rof
ery/  With Pl controf

Comparison of proposed control strategy with
standalone proposed control with conventional P!
4;9 and grid connected mode control with other
: conventional control
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Power Quality Improvement in
Microgrids for Electric Vehicle
Charging Station

(¥

MPTEL

Now, coming to power quality improvement in microgrid for electric vehicle charging

station.
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SPV based Off-Board Charger for EV

Household load | ey T - - e D st Converter
Ui o -g Voltage Source Converter Bi-Directional DC-DC Converter, Boost Converter
ol | S : é H

The charging station configuration is described in the screenshot herein.
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System Features

» For household load, the charger acts as a standalone
inverter.

» For utility the charger acts as an active power filter.

» Voltage synchronizmegy for aaﬁvigg the
seamless mode transition between the grid-connected and
standalone modes.

» Reduction in DG set rating by operating in such a way that
it generates up to_33% more power than it rated capacity
without surpassing the rated current in the windings,

f* therefore, the size of the DG is/re_,duced.

NPTEL

The system features and operational criterion are described here.
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Operating Strategy of the Charger

VSC regulates the DC link
o Synchronize the PCC voltage
with grid voltuge

s Exchange power with the

© PV operates at MPPT
& Prier=Pit Py

b 3
'* Reduce the home © PV Array is not
© PV operates at MPPT operatimg at MPP]
NPTEL & Paserr=PitPy & Ppv=PitP,
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FSC conrol o grd conmected mode EV by churging comd | X
e

Control Algorithm i

aE LRl b
C e MPPT of PY arvay
Yoh Unit template "D( L 59“2!’ Conval,
Ve esTmaton &

ST alforihm.

e —

cive o o o o phe
Led Vsing 1T O

4

et etete

I pahedncherging P < Puor B2

Verer\
(Y7 Swichag contrrd frw grud ———’SX‘J— %
i%' comecedto tandebmenode ' “fv{3] ! —@
7N I =
- £ EIE__
SURMAN T
NPTEL UPPT e bt comernr conpel

MPPT, DC bus Vobagy Conrol, and B directional
DC Comverter Costrol

The control strategy are described in the screenshots herein.
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Control Algorithm

Standalone Control

The reference sinusoidal signals of unit amplitude are obtained as,
v, = Sin (), v, = Sin(6, — 27/3)
v, = Sin (6 — 47/3) <

The modified frequency is estimated és,

~ W =W, +Aw.

»9 /

MPTEL
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Control Algorithm

A Cannanr o 2
Grid Connected Control,

The ILST algorithm closed loop transfer function is as,
n soy

Ihf & STi+s+ (T +a)s+3

The active current per phase is obtained as,

Lp _ pra + prb -+ I(—'p(' /

%) :

MPTEL
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Control Algorithm

The total active current per phase is given as

L=F,—h

—

The current corresponding to the reference reactive power

is obtained as, 20
I( - ref
[ 3‘4"? /

The amplitude of the PCC voltage is,

Ir“

i—‘*) 2 |
1L 2 2 2

NPTEL V“” - \/g <UW & Ugb 5 t””) /
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Control Algorithm

The phase voltages are obtained from the line voltages using,

1
Vga = g (2vgabp + Ugbcp) y Ugh = g (_vgabp + 'Ugb(fp)

Uge = 3 (~Vgabp — 2Ughep)

The sinusoidal currents corresponding to active power and
reactive power,

o lpa = Ip *Uqg, Wph = [p *Up, Ipe = Ip ¥Uey
:’% -

alge = Io ¥ Qo bt = I ¥ @ tge = Iy ¥ .

NP
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Control Algorithm
The in-phase unit templates and quadrature phase unit templates
are obtained as,

ua—vg“u Uibuc B

o=

N

NPTEL
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Steady State Performance in Standalone Mode

= -
L .
(a) (b)

UraslV] | Irms{A] 1oy [
2 w1 4w 3B B4 105 i
B ms 2 | o ) ne f W=
3 249 |3 434 3.1 B4 - =
\

/.
o[y S W W

0.534 0.580k 0.226k 0.9208

1
2 083Kk 0.51% 0.226k 0.9201 i
3 0.53% 0.584k 0.23% 0.9168
SN 1.600k 1.681k 0.515k 0.9513
© @
r.ja Fig. (a and Ppv (b) Vsap » Vspe » Vsca » aNd g ,
g [ |hc c) Ph Qh Sy, pf, THD of Vg , Vepe , Veca » @nd

THD of itg, It , Ine - (d) Vey , @nd |, , and Py, .

These screenshots present the experimental results.
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Steady State Performance in Grid Connected
=

(d)
Fig. (a) Vo , lov » and Py, (b) Vap , Vsge » Vica » @Nd g , o »

Olm (c) Ph Qh Sh pf, THD of Vg, Vepe s Vscay and THD of

'na inp » Ihe - (d) Vga » Vgoe » Vgca » A igg , igo , ige - (€) Py, Qg
Sq., pf, THD Of Vggy , Vo , Vgea , and THD of igg , lg,, |gc
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Charger Performance under Distorted
and Unbalanced Voltage

i =
1960k ﬂﬁli 0.9433

@ Fig. (a)~(b) v;lthout eompensatlon (c)—(d) with

compensation.
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W cawve s wone o sowe /. smew  sume v ke
d raErT o T s iy =
fee 1) charging ower to grid

K, ot A
| “Pp=SkW/div More power  Undisturbed PV generation
yPe=2kW/div fid/m grid

M EETE
j;— Vehicle to grid |
P,=2kW/div B i —

== s o —s
Change in EV curren Undisturbed load paﬁ

Fig. Vehicle to grid operation in grid-
connected mode.

NPTEL
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my + sow 3 sow 100m 10O 00my  14Ws  Siep

Ve =300V/div i,,=5A/div Carrection of PCC volfage
S bt b\\w%,vﬁawfwriw

before compensation after compensation

=1 IJA/div/' / /Carretlion of grid current
e
iy =104/div"™

Fig. Active power filter operation and voltage correction.

rW\AN\NW
V=00V /div

\ N\ .
iy =104/div lagging current ___M&C"EE".L A
____7————————————f!- K\‘/Kk=500y
7
7~ o O =IVAR p, g p, WP, =0 Doy =INVAR

LN

MPTEL

Fig. Reactive power support capability.
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=) 1 1OOKVZ 3 200KV 1 Ookev 200V/ 100 Omes 64 24% Strop

& Peo=1kWidiv Undistirbed EV power during mode change
& ya

. tPkaW/divt zero grid p

/P;, =2kW/div

Wer  surplus power fed into grid
&
S B _a Undisturbed load power
¢ NQMPP operation— |« solar PY at MPP ——»
Py =2kW/div N grid synchronized

«— Standalone mode —» Grid connected mode——,

(@)
Var=300V/div , veuy=500V/div

grid occurrence ANAAAAT
. P v V ;‘/ VvV V
i_E{= 104/div. & current after synchronization Va2

= IV/di id synchronized g
PR e i b Y A

N (b)

Fig. Synchronization performance.
MPTEL )
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Solar PV- Battery and DG Based Electric
Vehicle Charging Station

Single Phase
SEIG |
2 —>

O=QE# |

Diesel
Engine l"m Bidirectional AC-DC Bidirectional DC-DC
Awxiliary Elﬁ.” : Converter Converter
T Silf} 5] sj?
= .
g b
\ xll ,‘ i, ,.[;k b
e AT Vi ol
230V, 50 H= ! .
Single Phase - 7 S“K} SL’I S attery /-
FO Supply =
®
HPTEL

ind B. Singh, “Energy Management Strategy of Solar PV-Battery and Diesel Generator Based Electric Vehicle

|~

AL |

Charging Stati

This is another charging station configuration. Its description, operational criterion,

control strategy, and experimental results are presented herein.
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System Features

» Power management among different @wmes and
charging the electric ve\hicles.

» Regulation of voltage and freguency of the geEa_t_oL_@onics
current compensation of nonlinear loads.

» The charging strategy is designed such that it primarily takes
power from the solar ph i array and a storage
battery. In absence of these two sources, the charging stafion
wisely takes power from the grid and the squirrel cage induction
generator (SEIG) based diesel generator (DG) set.

» Reduction in DG set rating by operating-in-such a way that it
generates up to 33% more power than it rated capacity witheut
X o o o N
9 surpassing the rated current in the windings, therefore, the size
N‘E?_L of the DG is reduced.
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Control Algorithm

PV feeds load, charge EVs .
it Charnt Yorins PV and Storage Battery
e feeds load and charge EVs
Battery

NS

He E/f:d“:‘[;“:a‘h:’w Grid feeds load and | |Storage Battery feeds
PN et 5 charge EVs load and charge EVs
& Storage Battery i

MNPTEL

Fig. Operating Strategy of charging station
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Control Algorithm

VSC control in Standalone mode

VSC control in Standalone mode

Fig. VSC and DC-DC

converter control when only

solar PV and storage battery
~ are powering the charging

N

i ;9 station

NPTEL
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Control Algorithm

Frequency control loop ¢ k "
oy co

=4
p

w
ictgtia E Wals 1) =wls s e 1)

Wy

Liatle g wls1J=af5) g5 e )

Uy Uy

~ Fig. VSC control when generator or grid is
f;ﬁ connected to charging station

NPTEL

Hysteresis
controller

ipor i;

K ) ? 4 [ Unit templates and |-» u,
Voltage control loop SHg= ’7 = Ve Ve amplitude iy
Ay i / estimation Va

7 y 0 Fe DChusvoltage

Vg i control loop

4
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VSC

Performance under Steady State Condition

set performance, (a) vyand iy , (b) generator power, (c)-(d) THDs of iy and v,, (€) v,

3 of (I, Iy, i), (f) total demand at PCC, (g) THD of sum of (i, i, i), (h) v, and i, (i)
power, (j) Vi, and I,, (k) battery power, (I) v, and i,, (m) auxiliary winding power

(Refer Slide Time:

40:09)

Fig. (a)v.and i, (b) load power, (c) THD of i,
(d) vc and iy, (e) EV, power, (f) v, and iy, ()
EV, power
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3% 17748 184, B 500, 8 150, e T
1Edum v L. T au g
i L} ' SAWAWAN [ — 3

Fig. Performance when storage battery is feeding load and charging EVs in absence
of sofar PV power, (a)V, and Iy, (b) battery power, (c) v, and sum of (i, i,), (d) total
delagd at PCC, (e)-(f) THDs vc and sum of (i, ieg, i), () vc and i ,(h) load power,
(i)FHD of i ,(j) v, and ig4, (k) EV, power
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2141 500. Jf 313 B = g e [ S0,
314 ElE =& =
EREAmE 0220 e = 4
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P 2 "\2 b A
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mE o Bee. . soo.f-. e WeiE.
1.  Srfaa B e 5. b = =
13 5 L E[TS -
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v PRy vV VU | oo 4832
. A o A Ml ~
M ssivans ) |
i)

7\ Fig. Performance under grid connected mode, () v, and i, (b) grid
v power, (c)-(d) THDs of v, and i, (€) v, and i ,(f) load power, (g) THD
WPTEL  of i ,(h) v, and igq ,(i) EV1 power;.(j) v, and i, , (k) EV,, power
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Numerical Problems

~~~~~~

Now, coming to the numerical problems.

(Refer Slide Time: 40:25)

Q1 A three phase AC microgrid consists of a 30kW synchronous
generator (SG) based WECS and 24kW SPV array integrated to a
415V 50Hz three phase AC grid. The SPV array is connected at the

——r

DC link terminals of the back to back power converters used for

N

controlling the SG. A linear load of 15 kW is connected at theﬁ:c

—

terminals of the microgrid. If the renewable sources are operating at

—

their rated conditions, then calculate the RMS current injected into
e —

the grid assuming negligible losses (power is injected into grid at

unj@)ower factor). -

T

=t

Three phase AC microgrid consists of 30 kilowatt synchronous generator based on wind
power energy convergence 24 kilowatt solar PV array integrated to 415 volts 50 hertz
three phase AC grid. And solar PV array is connected at the DC link terminal of the back

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

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

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



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

factor.

(Refer Slide Time: 40:56)
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The solution to the numerical example is detailed in the screenshots herein.
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Sol. Power delivered by the SG based WECS,
p =30

Power delivered by the SPV array,

P, =24kW
Power fed to load,

p=isw /~
Net Power fed to the grid,

-

® P=P+P P =39V
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Assuming negligible losses in WECS, the current flowing into
the grid is, L
P
P LT
S, 3x4ls —

s
74

g
e

NPTEL
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Q2 A wind turbine coupled to a doubly fed induction generator (4 pole 50Hz)
has the following specifications,

Blade Radius — 3.126m Optimal Tip Speed Ratio 72
Wind
Turll:‘ine Gearbox ratio 137 Rated wind speed 12m/s
Max Power Coefficient”| 0.4 Minimum Slip - 03

It is coupled with a solar photovoltaic array having the following specifications,

0C voltage 363V ¢ | MPPvoltage | 29v
SPV Moduly SC current 7.84A MPP current |7.35A | —
Series modules 9 Parallel strings| 8 =

The back to back converters of microgrid are connected to the 415V 50Hz three
phase grid using a step up (2:1) transformer—The-SPY-array is connected to DC
link of power converters through a DC-DC boost converter. If the DC link
voltage of the power converters are maintained at 360V and the renewable
energy sources are operated at 10m/s wind speed and rated solar irradiations,
(a) %Iate the required rotor spee?i/aﬁi (b) calculate the required duty ratio
of the’hoost converter for maximum power transfer from SPV array and wind
turbine. = . T =

A wind turbine compared to doubly fed induction under 4 pole 50 hertz. These are
typically that are of blade radius gearbox and maximum power coefficient slip maximum
slip corresponding to your rated wind speed. And these are the PV array open circuit PV
module current and MPPT voltage for PV module.

Back to back converters of microgrid connected to 415 volt 50 hertz three phase step up
2 to 1 transformer and SPV array connected to the DC link up through DC DC boost
converter. And DC link voltage of the power converter are made at 360 volt with the



renewable research operator 10 meter per second wind speed and rated solar period. And
calculate the required rotary speed, calculate the required duty ratio of the boost

converter for maximum power from solar PVR and wind turbine.

(Refer Slide Time: 42:07)
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The solution to the numerical example is detailed in the screenshots herein.
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Solution-

(a) Thus, for maximum power transfer from wind turbine, the tip speed
ratio should be at its optimal point.

. Ro -~
Ao =
GV,
A GV
Thus, @ =2 =" =7'2X7'37X10=169.75 rad/s
- R 506~

Thus, for a wind speed of 48m/s, if the DFIG rotor speed is controlled at
169.75 rad/s then maximum power will be transferred.
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(b) SPV array voltage for operation at the maximum power point is
calculated as,

e =

=929=261V. <

Ve =NV

Thus based on the duty cycle expression for boost converter,

V, 1-D
-
=
V-V, 360-2
Thus, D=—%_P - N o e
v, I
() ( p
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Q3 A 80kW synchronous reluctance generator based WECS is

—

integrated with a solar PV array with a peak deer of 120kW. The

microgrid is connected to a 84kW local load operating at 0.8 power
factor. The net power is injected into the grid. If the renewable

energy sources are operating at their rated conditions, calculate the
/—/_\

grid RMS current and the voltage, current apd\KVA Et‘m_g’ of gri\d

side VSC (a) If reactive power compensation is provided by the
o g o

microgrid and (b) If no reactive power compensation provid;zd.

NPTEL

A 80 kilowatt synchronous reluctance generator base wind generator integrated system
with the PV array with the peak power of 120 kilowatt. And the microgrid is connected

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

Net power is injected into the grid if the renewable energy source is operating at the
rated condition calculate the grid RMS current and the voltage current. And KVA rating
of the grid side voltage source converter a the reactive power compensation is provided

by the microgrid and no reactive power compensation provided microgrid.
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The solution to the numerical example is detailed in the screenshots herein.
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Sol. Power delivered by the SyRGb}ed WECS,
P =80kW
Power delivered by the SPV array,
P =120k —
Active Power fed to load,
p=sshi <
Net Active Power fed to trggrid,/
P=F+b ~R=ll6k —
f;} Reactive powc;r.;equirement of load,
. 0,=Plng=6HkVAR <
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(a) RMS current flow in grid with compensation

I
: ll6x1000=161&4_\

/g \/ch /\/§x415

The KVA ratng of GYS s, -
Sy = V(Qui? + P = V(@2 + (Py#P ) = V(632 + (120480

— . Sa
Voltage rating of the VSl is, Vg, = 239.6 V /
R

/
Current rating of the VSl is, lovsi = 209688/(3239.6)= 291.72 A
e

PN
7

(¥

MPTEL
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(a) RMS current flow in grid without compensation

P2+ 07 2, (22
A 0 116 +63 K000 _ 2 o0
B, Bxds L

P

I

The kVA rating of GVSlis, —
sgvsi = \‘(ngsiz + Pg,,siz) =0+ (Pw+va)2) =((120+80)2) = 200 kVA
S —— —— ~ —

Voltage rating of the VSl is, Vg, = 239.6 V

Current rating of the VS| is, l,,s; = 200000/(3°239.6)= 278.242A

e B e
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Q4 An AC microgrid with a 120kW (at rated wind speed 12mis) squirrel cage
induction generator (SCIG) based wind turbine and a 100kW (at 1000W/m?

—

irradiation) SPV array is feeding power to a three phase 400V 50Hz grid. The SCIG

is connected to the grid using back to back VSCs. The SPV array is integrated at
- ‘—"_’A —_—

the common DC link of VSCs through a boost DC-DC converter. A 480V battery

— 7 T
energy storage is integrated with the microgrid through a bidirectional DC-DC
——— —~ /\

converter to smodihen/the wind and solar powgr irregularities. The microgrid
e =t —
control scheme is designed to provide a smooth power of 150 kW to the three
— = /’_’—\
phase grid at all times. Calculate the battery current when the wind speed is
8.5mis and irradiation is 600W/m2. Also calculate the current injected into the
- , jiia e
gr@fz}sume negligible losses, unity power factor operation at the grid side and
e e —— e T
lineéirly varying SPV array power with irradiation.

An AC microgrid with 120 kilowatt at rated wind speed of 12 meter per second is
squirrel cage induction generator based on wind turbine. And a 100 kilowatt at 1000
(Refer Time: 44:37) solar PV range fitting power to the three phases of 400 volt 50 hertz
squirrel. And squirrel cage generator to the grid using back to back voltage source
converter and SPV array is integrated to the common DC link of VSC through boost

convertor.

A 480 volt standard battery energy storage system integrated with the microgrid through
bidirectional DC DC converter which smoothen the wind and solar irregularity. The
microgrid control scheme is to provide a smooth power of 150 kilowatt to three phase
grid at all time. Calculate the battery current when the wind speed is 8.5 meter per
second and the solar radiation 600 watt per meter. Also, calculate the current injected
into the grid also assume negligible losses unity power factor operation at the grid side

can be varying the linear variation of solar PV power with irradiation.
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The solution to the numerical example is detailed in the screenshots herein.
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Solution- Since the power supplied by the PV array is directly
proportional to solar insolation,

P, =(600/1000)P

6001 /m” 1000/

. =0.6x 100k =60k

————e

Assuming maximum power tracking operation of WECS, the
total power of wind turbine is related as the cube of wind speed
as evident in,

.
k= EP”R“VJ G,
K
P, =(85/12F P, =0355x 20k =42 644
//— T e

/Thus, total generated power of microgrid = Py, + P, = 60 +
o A42.64=102.64 kW w T T =T
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Thus, the power required from the battery for smoothening,
Py=F-P =150 - 102.64 = 47.36 kW
e -_— =

microgrid i

Thus battery is discharged.

The currf%njected by the battery is calculated as,
|, = 47360/ 480 = 98.67A

S O
The current flowing into thy is,
e
pou TS sy
O, Bxdls

Vil ==

(Refer Slide Time: 46:07)

Q5. A 12 KW SPV array is connected at the DC terminals of power converters

=

Sy e
used for control of a wind driven 25 kW PMSG. The microgrid is supplying a

e T

linear load of 8.5 kW and 5.8 kVAR and the remaining pow;r is exchanged
.- - S

e

with 415V 50Hz three phase grid. The grid side VSC control scheme ensures

that the grid always operates at UPF. The grid VSC losses can be assumed to

be 5 percent of its power. Estim£ (a) the load current and the grid current

i Tl e S e

under the rated conditions, (b) Calculate the grid power factor and_phase
T — — e

shift in grid VSC phése currents with respect to phase voltages.
o o o

MNPTEL
M

A 12 kilowatt solar PV array is connected to the DC terminal of power converter used
for the control of wind driven 25 kilowatt permanent magnet synchronous generator. The
microgrid is supplying the linear load of 8.5 kilowatt and 5.8 kVAR. And remaining
power is exchanged with the 415 volt three phase grid the grid side voltage source
converter ensure the grid always operate at UPF. And the grid voltage source converter
losses can be assumed 5 percent of the estimate a the load current and the grid current
under the rated condition b calculate the grid power factor and the phase angle shift
between AC current with respect to the voltage.
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The solution to the numerical example is detailed in the screenshots herein.

(Refer Slide Time: 46:52)

Sol. (a) SPV array and WEC SQ?/’/\ operating at rated condmons Thus the
net power supplied by the WECS i d by SPV array is rayis 120

Considering the inverter losses as 5°/m Net grid VSC active power
supplied = 0.95"(P,+Py,) = 0.95"(25+12) = 35.15 kW.

The Load active power = 8.5 kW. —

Thus, the net power fed o the grid= 35.15 - 8.5 = 26.65 kW.

Since the grid voltage is 415 V (line to line, RMS), the current flowing in
the load can be computed as/—

1 S(3¢) _\1845:+5.83xl(f
JBx415

=14.324
—

- I
¢
® 7 Ve

MPTEL =
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Since the grid voltage is 415 V (line to line, RMS), the current in the
grid can be computedas ==

P 0 ’

r(3¢) =261._65><10 37084
v, V3x415

/

Grid Jine =
line-line

It is note-worthy that only the three phase active power (P) is
considered for calculating the grid-ine current. This is because the
VSC is ensuring the UPF operation always.

(b) Since the VSC control scheme ensures that the grid always
erates at UPF, the grid line currents ar i se with the
'c% esponding voltages i

NPTEL

— ——
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However, in this case, since the power is being fed back to the grid
the grid power factor is negative. Thus, grid power factor = -1.
Owing to UPF operation of grid, the grid VSC supplies total load
reactive powe/'rﬁde 8 kVAR. Since the active power fed through
VSC is 35.15 kW, the phase shift in VSC phase currents with
respect to phase voltages can be computed as,

p=tan" (Q/P)=tan"(5.8/35.15)=937"

o e
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Summary

+ Basic power quality related challenges in microgrids have
been discussed.

* Control scheme and performance evaluation for power
quality improvement in grid integrated solar photovoltaic
array and battery energy storage based microgrid have been
presented. e

+ Control scheme and performance evaluation for power
quality improvement in grid integrated solar photovoltaic
array, wind energy conversion system and battery energy

;;)storage based microgrid have been presented.

NPTEL

To summarize: Basic power quality relative challenges have been discussed. Control
scheme and performance evaluation of power quality improvement grid integrated solar
PV array battery base energy system based micro would have been presented. Control
scheme and performance of evaluation of power quality improvement grid integrated and

wind generation convergence system battery have been discussed.

(Refer Slide Time: 48:40)

Summary

* Control scheme and performance evaluation for power quality
improvement in grid integrated solar photovoltaic array, small hydro
generator and battery energy storage based microgrid have been
presented.

* Control scheme and performance evaluation for power quality
improvement in grid integrated solar photovoltaic array, wind energy
conversion system, diesel generator and battery energy sforage
based microgrid have been presented.

,/‘/
* Control scheme and performance evaluation for power quality
i()r/r;rﬂovement in mimqifor Electric Vehicle Charging Station have

begn presented. P e

HPTEL

Control scheme and performance evaluation of power quality improvement grid

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



presented. Control scheme performance evaluation of grid connected indicators solar PV
wind energy conversion system DG set, battery energy storage microgrid have been |
mean discuss. Control scheme and performance evaluation of power quality

improvement with the electric vehicle charging station have been presented.

(Refer Slide Time: 49:06)
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