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Power Quality Improvement in Solar Energy Conversion System (Contd.)
Numerical Problem

(Refer Slide Time: 00:17)

Numerical Problems

Welcome to the course on Power Quality [FL]. We are discussing the grid interface solar

PV system. We will now discuss some numerical problems related to this.
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| Q1 Design a two-stage single-phase grid tied PV inverter to
integrate 4 kW peak power PV array with the single phase grid.
The circuit topology consists of a boost converter and a H-
bridge VSC for connection to the grid.

PV Inverter

Starting with 1% example. Design a two stage single phase grid tied solar PV inverter to
integrate 4 kW peak power of PV array with a single phase grid and circuit topology

consist of a boost converter and H bridge voltage source converter.
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A. Design and Selection of DC Capacitor Voltage
The range of variation for AC side voltage in this system is considered
from 1\7{0r\ltgi§v Moreover, the DC link voltage is kept almost 10%
higher than peak of AC voltage to compensate for drops in device,
interfacing inductor and inherent 2@ harmonics ripple of single-phase
system. Therefore, the DC link voltag voltage rating is estimated as,

V=L, =1, X260 = 40V

G —— |

‘ B. Design of DC Llnk Capac:tor

The instantaneous power in single-phase system coWnd
harmonics ripple. This ripple is in power it is also reflected on th\DC
link voltage. Considering this ripple as the deS|gn constraint the DC lir link |

i _)cltance is decided as, [/ 1
}“ @p‘@ df I V i




(Refer Slide Time: 01:45)

where, |, is the capacitor current and w is the angular frequency and the
Ve IS the ripple in capacifor voltage. Considering, the ripple as 2%, Voc,
= MO 8.4V, |,=4,000/420 = 9.52 Athen, Cp is obtainedas
1804 7 WF. Therefore this capacitance is chosen to be 1800 pF.

C. Design of SPV Array

The PV array is connected at the input terminals of the DC-DC boost
converter. The output of the boost converter is connected at the DC Jink
of the voltage source conver e converter. Therefore, the PV array thqgg@_ng
is so decided that the open circuit voltage is equal to minimum DC link
voltage. The Minimum DC link voltage is gg:ggd as,

Vasi™ l.lxﬁf/jmz 1.1X\/§X170 =’2_611V
{49 Taken as 270V.

@WEL Za ]
J
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A solar cell has an open circuit voltage (V) of 0. 62 V and short circuit

current (l;;) of 3.6 A. The active power for SPV array s given as,

Pacs= (0 Vg ;@ =4 k7

Maximum power, Pyap = (ns*90% of Vo, * ;90 % of I ) = 4 kW is

generally achieved under this condition thus Imppc is __ZAA and V., Vipec

is 0.558V of each cell, where ng and n, represent Tﬁe/s_enes and

paraIIeI strings of PV cells.  ~
Foeg=nt m n, = e[V, =210/ 543548 = Bocels

Considering, open circuit voltage of array (Voca) =270 V

Maximum current of the array is gl\EﬁsH_'

L=Fl 09* 09 ¥, —1646A
€ |mpa IS current through PV array at peak power pomt
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Considering this as current for MPP, the numbers of parallel cells are

calculated as 5. Thus an array of 4 kW peak power capacity is
designed with : &ells in parallel and 436 cells in series with an array of
5*436 cells.

D. Selection of Boost Inductor

The boost inductor is designed based on the allowable current ripple.
The current ripple iﬁ_tEmo,sLinductor is dependent on the iriput and
output voltages of the boost-converter. In this case, the boost converter
is d%?gned considering the input voltage as MPP voltage at 1000
W/mZ and the SWge as nominal DC link VW

DC link voltage is estimated as,

X

&

K =1.Ixy2V =1.1x1414x230=357.7=360 ¥

@~ X == e
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'~ The MPP voltage of the PV array is equal to 90 % of its open circuit |

voltage, which is approximately equal to 240 V. The duty ratio under
this condition is estimated as,
Ve 240

=1-2=033
T 30

The value of inductance (Lg) for bog?verter is estimated as,

D=I-

where Vin is the |nput voItage Viy =240 V, D is the duty ratio, D =
0.33, f; is the switching frequency, F:T(JT-iz and Al;, is the peak to
peak ripple in W%mwered 10/%_of
nominal current, Alin = 0.2(4000/240) = 3.34 A. Using these values
Aqr calculation, the estimated value of an mductfodmboosl.cgnverter

1§ .37 mH. An inductance value of 3 mH of inductor is selected for
ifis system.

)
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E. Design and Selection of Devices for VSC

The maximum blocking voltage is 420 V (Based on DC link voltage). A
safety factor of 1.4 47s selected to accommodate for high frequency
ripple due to swnchlng Therefore, the voltage rating of the devices are

i td
estimated as, v, 'VDCWXL4=4M=5§8:®O\V/

The maximum current to be fed into the grid is estimated as,
i

I— 400@10 =23.524 =

Keeping a safety factor of 1.2, the current rating can be estimated as,

® 1SW=1,3xﬁx1,m =39.874

PTEL
\@ e
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=
F. Selection for Interfacing Inductors =
The AC inductance is given as, LVSC = mV e /(4afY | Vscﬁ/

Considering, switching frequency (f) = 10 kHz, modulation index (m)
=1, DC bus voltage (Vpc) of 360V, over Toad factor, a=1.2, current
ripple as 10%, the LVSC value is calculated to be 3.18mH. The value
of LVSC of 3.5 mH is selected. g

G. Selection for Rlpple Filter

Considering RC - itch quency of 10 kHz the ﬁIteL
pq;gg;eters are selected a

The solution of this problem is given in the abovemention slides.
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Q2 A two stage solar energy conversion system,
integrated with single phase 240V 50Hz grid has
the following specifications:

e

OC voltage B3V | MPPvoliage | 20V |
SPV Mcye SC current 7845 | MPP current | 7.35A |~
Series modules 8 Parallel strings| 2 | —

If the PV array is operated at its maximum power
point for 1000 Wim? and 25°C, calculate the RMS
current injected into the grid assuming negligible
losses (power injected into grid at unity power

€ ;) factor).
@F"F

Coming to the 2" numerical example. A two stage solar PV conversion system
integrated with single phase supply of 240 /50 Hz grid has the following specifications
given in the table. If the PV array is operated at the maximum power point for 1000
W/m? and 25° C. Calculate the RMS current injected into a grid assuming negligible

losses (power injected in the grid at unity power factor).

(Refer Slide Time: 07:28)

— PV Inverter

N

Solar PV array
L y

This is a typical system as mentioned in the example.
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Solution-

Solar PV is operating at 1000 W/m? and 25°C. Thus SPV array voltage

for operation at the maximum power point is calculated as,
Vo = N'Vingp = 8729 = 232V.

Loy = No*lrmpp = 2°7.35 = 14.7A.

Thus, the PV power injected into the grid is,

PV IO

Assuming negligible losses in SECS,
Py =Vl 1= 34104W

T__hus, the current flowing into the grid is,
iy set04240=1421A

\\® >

pv

The solution of this problem is given in the abovemention slides.
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Q3 A 3.8kW SPV array is connected directly at the DC link

terminals of a VSl integrated with 230V single phase grid. A

240V battery bank is inte‘grated al the same D/gjgk

terminals using a bidirectional DC-DC converter. The

e

control scheme is designed to feed a constant 2.5kW

power to the single phase grid at all times. Calculate the

battery current when the incident solar irradiation is

1000V!Im2. Also calculate the current injected into the grid.

Assume unity power factor operation at the grid side and

negligible losses in the system.

Coming to 3 example. A 3.8 kW solar PV array is connected directly at the DC link
thermals of the voltage source inverter integrated with 230 V single phase grid. A 240 V
battery bank is integrated at the same DC link thermals using the bidirectional DC-DC
converter. The control scheme is designed to feed a constant 2.5 kW power to single

phase grid at all time. Calculate the battery current when the incident solar irradiation is



1000 W/m?. Also calculate the current injected to the grid. Assuming unity power factor

operation at the grid side and negligible losses in the system.
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Solution-

At 1000 W/m? irradiation, the SPV array generates rated power,
P, = 3800W S

Power flow into the grid,
P, = 2500W

Thus, the power required from the battery for smoothening,
G o= s vaj= 2500 - 3800 =-1300W

The current injected into the battery is calculated as,

r =’pb//|Q = 5% —

7~ The current flowing into the grid is,
1 = 25001240 = 10 42A

The solution of this problem is given in the abovemention slides.
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Q4 Design a 5 kW three phase two stage solar PV grid

interfaced power generating system.
) T
Three Phase VSC

bl
Boost I ’} A & Arercng cpp  Distribution System
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Now, coming to 4™ example. Design a 5 kW 3 phase 2 stage solar PV grid interface

system. So, we have a 2 state system solar PV generation, as shown in figure.
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A.Design of Solar PV Array
The proposed system is designed for the peak power

capacity of SkW rated at 415 VAC rid. A solar PV module

has short circuit modul of 3.8 A and open circuit
module vonagei\luu)M—

The maximum power for SPV array is given as,
Py = (15 Vi) (1) = SKAL U

where ns and n, represent series and parallel strings of PV
module, V., is the voltage of a module at MPPT, I, is the
current of a module at MPPTand P, is the nominal power of
a module at MPPT.

The Py, is generally achieved under the condition given as,
Prnp = (ns"85% of Voey * "85 % of ) = SkW (2)
Thus, |,y is 3.3A and Vi is 17.85 V of each module.
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PN

AN

| @P'ﬂiﬂ.

Ideally, open circuit of PV amay (Vgcr) should be

approximately equal to DC link voltade of The-VSC. However
due to rating constraint of PV array simulator (V) of 600 V

is used.
The PV modules connected in series string are estimated as,
VOCT n* Vom, thus n, = 600/21 = 28 Modules (3)
Maximum cur@gf_theﬂlaaay.lsgm

lpp = Prp / (0.85* Vo) = 9.8 A

The PV modules in parallel string are estimated
e
lnp =Ny 7lg;, thus ny =3 I\@Jles 4)

an PV array of’ odules.

Thus the array of 5 kW peak r capacity is designed
with 3 modules’ im !E! llel and 28 modules in series wi
/\\_‘_\
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B. Design of DC-DC Boost Converter

The ripple current for inductor at D = 0.2 is given as,
e S

ij”’D/ M0 _ oy O
EOMLSL (168%10000) <

—

where Al, is input current ripple,-and-it-is-eensidered as 20 %

of DC-DC boost converter inductor current IL_(PMPP/ Vipp) =

8.4 A. Thus a calculated value of Al, is 1.68

Thus the inductance (L,) value is selected as 6 mH.
=

S
g

o

NPTEL @
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C. Design and Selection of DC Capacitor Voltage
s

The design of/pc link voltagﬁ\wﬂ@n as,

Wiy (221
i ;%}).-(\/__)4713.27 )

where V,, is the VSC AC line voltage, m is modulation
index. e ]

D. Selection of AC Interfacing Inductor
The AC inductor (L;) value is calculated on the basis that

current ripple Aj, switching frequency £,V and is as,

S 1/ B#095*700

= - =55mH  (7)
J A 12¥12010°40204704)

PN

8 where Ai, = 20% of input current, £, = 10 kHz, h is

w4 overloading ;ctor and is taken as 1.2. Thus Lis selected
@’ as 5.5 mH.
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E. Design of DC Link Capacitor

The DC link capacitor value is estimated as,

-

%Cdz [uk 3aVl s
I

G [700° -680° | =3x1.2x239.6x7.14x0.003

Cy=22314 uF

e
where V. is the reference DC bus voltage of VSC, a is
the overloading factor , V.., is minimum DC link voltage
and t is the time by which the DC link voltage is to be
changed. The capacitor value is selected as 2200 pF.

\@ /

The solution of this problem is given in the abovemention slides.
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Q5 A solar photovoltaic array, integrated with three phase
415V 50Hz grid through a DC-DC boost converter and a
voltage source inverter (VSI), ﬁéﬁl‘?ﬂlﬁwﬁgﬁ
specifications: -

OC voltage 363V MPP voltage | 29V

\\\

SPV Module SC current 7,84A/ MPP current Z@,

Series modules 14 Parallel strings| 8

If the DC link voltage of the VMM
calculate the duty ratio of the boost converter required to

operate the PV at its maximum power point for 1000 W/m?
and 25°C. =

Coming to 5" example. A solar photovoltaic array, integrated with 3 phase 415 V/50 Hz
grid through a DC-DC boost converter and a voltage source inverter has the following
specification, as shown in table. If the DC link voltage of the VSI is maintained at 700 V,
calculate the duty ratio of boost converter required to operate the PV array at its

maximum power point for 1000 W/m? and 25° C.
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This is the typical configuration for the 5™ example.
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Solution-

Solar PV/s operating at 1000 W/m2 and 25°C. Thus
SPV array voltage for operationatthe maximum power

point is ealculated as

Thus based on the duty cycle expression for boost

convert/e,f ==
e 1
Voo1-
» ] / //
- . V.-V, " 700-
%) Thus, p——%_r 46 o p
‘QIQTES. — Ve 700 a2k

The solution of this problem is given in the abovemention slides.
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Q6 A multifunctional 30kW single stage rooftop SPV

system is integratéd with 415V 50Hz three phase grid using

a voltage source inverter (VSI). The complete SECS is

_—

connected with a linear load. It is drawing 15 kW powér ata

—_— ==

power factor of 0.8. Calculate the voltage, current and kVA

rating of the VSI of the SECS to provide reactive power

compensation.

Coming to the 6™ example. A multi functional 30 kW single stage rooftop solar PV
photovoltaic system is integrated with the 415 V/50 Hz three phase grid using a voltage
source inverter. The complete solar energy conversion system (SECS) is connected with
a linear load. It is drawing 15 kW power at power factor of 0.8. Calculate the voltage
current and KVA rating of the inverter of the solar energy conversation to provide

reactive power compensation.
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This is the mentioned system configuration.



(Refer Slide Time:

14:33)

Thus, the VA rating of VS|
f%si = \/( vsi2 +P | )=_32/0M,

( @@m

Solution-

Given that, Vs=415[\/3=23§§ V, £=50 Hz, Active power, P=15 kW
Reactive power drawn by the load,
Q=Ptan®=11.25kVAR

As the VSI is used for reactive power compepsatign. Reactive

power flow through the VSl is, Q. = 11.25 k

—

Assuming negligible losses, the active power flowing*through the
VS| under rated condition is, P,; = 30 kW

S
l

(Refer Slide Time:
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| P

| £

‘ \ A}f)
o~

Voltage rating of the VSl is, V,; = 239.6 V
Current rating of the VSl is, |,; = 32040/(3*239.6)= 44.57 A

—— o T
e —

The solution of this problem is given in the abovemention slides.
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| Q7. Asingle stage Grid connected z:f hase SPV system is supplying a
linear load of 2kW and 0.5 kVAR. The-grid’is operating at 415\ (line-line) and
50_Hz . The SPV operating point is observed to be 750V and 10A at its
maximum power point at 1000 W/m2. The MPPT algorithm efficienc
observed to reduce according to the equation, -

= :
Lc.| (1000721

Where c is efficiency gain parameter holding a value of 0.04. The VSC control
scheme ensures that the grid always operates at UPF. The VSC losses can be
assumed to bé@ of its power. Estimate (a) the load current and the
grid current under the current MPPT operation (1000W/m?) of the PV array, (b)
Figure out the grid power factor and phase shift in YSC phase curr@

téspect to phase voltages.
S =

N

Coming to 7" example. A single stage grid connected three phase solar photovoltaic
system is supplying a linear load of 2 kW and 0.5 kVAR. The grid is operating 415 V/50
Hz. The solar PV operating is 750 V at 10 A at its maximum power taking of 1000
W/m?. The MPPT efficiency of PV array is observed to reduce the according to typically
this equation. Where, c is efficiency gain parameter holding a value of 0.04. The voltage
source converter control scheme ensures the grid always operate at unity power factor.
The voltage source converter losses can be also assumed for 5 % of its power. Estimate,
the load current and the grid current under the current MPPT operation 1000 W/m? of PV
array. Figure out the grid power factor and the phase shift in the VSC phase current with

phase voltage.
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This is the system configuration for the abovementioned problem.
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Solution- //7
(a) Solar PY'is operating at 750V and 10A. Thus the net power supplied

bythe PVis 7500 or 7.5 kW—"
¥——\
Considering the inverter losses as 5%

Net inverter w
supplied = 0.95'7.5=7.125 KW.~ oy
The Load active power = 2kW. 7 25 2"

Thus, the net power fcﬂto_ﬁt@g@_ﬂ% kW. :
Since the grid voltage is 415 V_(line to line, RMS), the line current
flowing in the Toad can be computed as, — ar

4 s
2'+0.5‘><1(}”~

—

SG4)
e . 281
L, BB o

‘ QWEL
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Since the grid voltage is 415 V (line to line, RMS), the line
current in the grid can be computed as

PGy s 2510~
N

line~line

~7.134

C \Bxals ——

/
It is note-worthy that only the three phase active power (P) is
considered for calculating the grid line current. This is because
the VSC is ensuring-the UPE operation always. Otherwise, net
apparent power (S) needs to be considered.

Grid Jie =

(b) Since the VSC control scheme ensures that the grid always
operates at UPF, the grid line currents are always in phase with

correspondlng voltages.
f

o’ |
/
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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 VSC supplies_twve \
power of 0.5 KVAR. Since the active power fed thr SC is

7.125 KW, the [ phase shift in V VSC ph phase currents with respect to |
phase voItages can be compute computed as,

Pl
o=t {(Q/P)=tan™(0.5/7.125) =4.014°
— e

&

IE‘IEQ

The solution of this problem is given in the abovemention slides.



(Refer Slide Time: 18:39)

0

Q8. Compute the load current and the grid current in
Question-7, for the solawz
and load increase by 2.5 kW apd 1 kVAR. The MPPT
algorithm efficiency of PV,i§ observed to reduce with

insolation increase according to the equation, )

1
=
7 Tee(1000/x) 1]
- S
Where c is efficiency gain parameter holding a value of
0.03. After change in insolation, estimate grid_power
factor and phase shift in VSC ents with

respect to phase voltages. The PV array is operating at
750V with solar insolation of 600 W/m.

Coming to the 8" example. Compute the load current and a grid current in previous
question, for solar PV insolation dip to 600 W/m? and load increases by 2.5 kW and 1
kVAR. The MPPT algorithm efficiency of PV array is observed to reduce with insolation
increase according to the equation given in the slide. Where, c is the efficiency gain
parameter holding a value of 0.03. After change in insolation, estimate the grid power
factor and phase in shift in the VSC phase current with respect to the phase voltage. The
at 750 V with the solar PV in insolation of 600 W/m?.

PV array is operating

(Refer Slide Time: 19:27)
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This is the system configuration for this problem.
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Solution- Here(BoIar PV/gfgggﬁng at 750V but not at 10A.

Ideally, since the power supplied by the PV array is directly

proportional to solar insolation, ) T
‘_/—74\

P (Ideal)=(600/1000)P . =06xT.5kl =45kl

600/ /m~ 10007 [
P

However, since the efficiency of MPPT algorithm varies with
insolation, the net power extracted from the PV array is

computed as,
1 1
Tsoom e = » T 7 -
1+0.03V[((1000/x) -1) 1+0.03V((1000/600) -/1)/
@) Fowne(Net)= (6&/1 000)P,,,, = 0.93x4 5KV = 4185k

@P?Eﬂ.
\
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Considering the inverter losses as 5%, Net inverter active
power supplied ’w

The Load active power = 2kW+2.5kW=4.5kW.

Thus et power fed to the grid as,
P,;=3.976-4.5 KW = -0.5 kW. i.e. active power is being drawn

from the grid.
Since the grid voltage is 415 V (line to li S), the line
current flowing in the load can be computed in this case as,

Seoy SIS a0
Load line = ~ ’6_64
PN - \/gV/inefline \/5 X 4 l 5/
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Since the grid voltage is 415 V (line to line, RMS), the line
current in the grid can be computed as,

e 7~
PGd)  05x10°
- ~0.6964

I
Grid line — \/_ ]me N \/§ " 41 5

It is worth noting that only the three phase active power (P)
is considered for calculating the grld Tline current. This i This is

because the VSC is ensuring the UPF operation always
The whole three phase apparent power (S) needs to be

considered otherwise.
-

N

(¥

MPTEL

(Refer Slide Time: 21:23)

Since the VSC control scheme ensures that the grid
always operates at UPF the grid line currents are
always in phase with the corresponding voltages. In
this case, since the power is being given by the grid
the grid power factor is positive. Thus, Grid power
factor = +1

e
Owing to UPF operation of gri VSC supplies
total load reactive power of 1.5 ince the active

power fed through VSC is 3.976 kW, the phase shift

in VSC phas,_utrenls with respect to phase voltages
can be computed as,

=tan" (Q/P)=tan" (1.5/3.976)=2067

| NPTEL

The solution of this problem is given in the abovemention slides.
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Summary

—_—

Classification and design of various VSC_based
single-phase and three-phase configurations_for
SECSs have@n investigated for feeding solar P\.
power into the grid, wherein the SECSs include
conventional PV inverter as well as multifunctional
PV VSCs which simultaneously help in_power
quality improvement. -

The performance of various single-stage and two-
stage system configurations is implemented and

evaluated.
s

With this we would like to summarize. The classification and design of various voltage
source converter single phase and three phase configurations for solar energy conversion
system have been investigated for feeding the solar PV power into the grid. Wherein, the
solar energy conversion systems include the conventional PV inverter as well as the

multifunctional voltage PV voltage source converter which simultaneously help in power

quality improvement.

The performance of various single stage and two-stage

configurations are evaluated.
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Summary

The control and implementation of single-phase
two-stage grid tied SECS have been achieved. A
boost converter is used for MPPT and a single-
phase bridge VSC is gg@?a% grid interfacing power
converter. A simple control and implementation of a
two-stage PV inverter and multifunctional SECS are
carried oneWmtﬂdeaﬂ/gﬂd
conditions, -

The control and implementation of single-phase
single-stage grid tied SECS for single power
conversion stage based PV inverter and
multifunctional SECS are carried out under nominal

and non-ideal grid conditions.
e SRR




The control and implementation of single-phase two-stage grid tied solar PV system
have been achieved. A boost converter is used for maximum power tracking and a single
phase bridge voltage source converter is used for grid interfacing power converter. A
simple control and implementation of two-stage PV inverter and multi-functional SECS
are carried out under nominal and non-ideal grid condition. The control and
implementation of single-phase single-stage tied system conversion single phase PV
inverter and multifunctional SECS are carried out under the nominal and non ideal and

grid voltage condition.
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Summary

+ The control and implementation of two-stage three-
phase three-wire grid tied SECS are made. A Boost
converter is used for MPPT and a three-phase
bridge V/SC is—used s grid—interfacing _power
converter. The novel control and implementation for
three-phase three-wire_grid ti inverter and
multifunctional §§WI
and non-ideal grid conditions.

The control and implementation of single-stage
three-phase three-wire grid tied SECS_for single-
stage three-phase PV inverter and a three-leg VSC
. based SECS with load compensation are carried
@ ’f) o . o >

e

The control and implementation of two-stage three-phase three-wired system are made.
So, boost converter is used for MPPT of three-phase voltage source converter, and a
three phase VSC used as a grid interfacing power converter and novel control and
implementation of three phase PV inverter and multifunctional SECS are carried out
under nominal and non-ideal condition. The control and implementation of single-phase
three-phase for the single-phase inverter and three phase three leg voltage with load

compensation are carried out.
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Summary

The control and implementation of two-stage three-
phase four-wire gnd tied SECS are re realized. A
boost converter is used for MPPT anda\four leg
VSC is used as grid interfacing power converter.
The proposed system not only feeds solar_power
into the grid but also helps in_power quality
mprovemnl\fourwwg__tnbutlo system.

The control and implementation of single-stage
three-phase four-wire grid tied SECS using a four-
leg VSC based system configurations are_cafried
out wherein the VSC not only serves for MPPT but
also helps in power quality |mm

wire distribution system.
e —

The control and implementation of two-stage three-phase four-wire grid tied system are
realized. A boost converter is used for a maximum power tracking and four-leg VSC is
used for grid interfacing power converter. This system not only feeds the solar power

into the grid, but also helps in power quality improvement of four-wire distribution

system.

The control implementation of single-stage three-phase four-wire gird tied solar energy
conversion system using a four-leg voltage source converter based system configuration

are carried out, but the VSC not only serves the for the MPPT, but also help in power

quality improvement of four-wire distribution system.
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Summary

* The control and implementation of power quality
improvement techniques for SPV system operating
under both grid connected and standalone with

seamless transition capabilities are carried out.

=
= —_—

The control and implementation of power quality improvement techniques for solar
power photovoltaic system operating under both grid connected and standalone system

similar transition capability also carried out.
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