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Abstract -- Recently, the renewable photovoltaic distributed
generation (PV-DG) enjoys a rapid growth globally due to the
advancement in solar systems and power electronics technologies.
However, the intermittent nature of solar radiation and
performance of the attached power converters, inevitably poses
some challenges to the power grids integrated large-scale solar-
farms (SF). These challenges include frequency oscillations,
voltage variation and power quality issues. To overcome these
problems, this study proposes a Current-Fed quasi Z-source
Inverter (CF-qZSI) as an alternative converter for distribution
generation controllers to facilitate the integration of a PV energy
source into a weak power system. The detailed model of the CF-
qZSI-based distribution controller (CqZDC) and its control
system are developed. The dynamic performance of the CqZDC
device is evaluated to validate different objectives using an actual
field data and RTDS simulation platform.

Index Terms—Accommodation of renewable energy resources,
current source inverter, facilitating of distributed electricity
generations, frequency stability, power quality improving, wide
band gap devices.

I.  INTRODUCTION

Thanks to the recent advancement in renewable energy
technologies on account of scientific community and industry
contributions, Photovoltaic Distributed Generation (PV-DG) is
now significantly considered in supplying electricity amidst
distribution networks. One limitation on attaching more and
more PV sources to supply higher percentage of the total power
demand, is the power quality issues that adversely affected by
the penetration and fluctuation in the PV generated power and
the negative impact of the attached power converters [1-2].
Additionally, taking a place of the conventional generators by
renewable energy sources, results in reducing the overall power
system inertia [3-4]. This inertia is favorable for frequency
dynamic enhancement, and it becomes not guaranteed due to
the detaching of rotating generators that have high kinetic stored
energy. This is a gap power conditioning systems (PCS) can fill
in. Table I lists the average inertia constant for different
generation turbines.

TABLE L  INERTIA CONSTANTS FOR DIFFERENT GENERATION
TURBINES [4]

System Turbine H (s)

Steam 4-9
Gas 3-4
Hydro 2-4
Wind 2-5
Solar PV 0
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Based on the aforementioned dynamic considerations on
integration of a renewable energy distributed generation, the
power system developers must improve the quality of the
injected power before authorizing interconnection of PV-DG to
distribution feeders. The power quality is an electrical term that
describes the ability of the electricity supplies to generate a
clean and stable power, and can be measured by different
parameters involves voltage, current, frequency and power
factor. These parameters must obey to the grid codes and
standards that required by the Institute of Electrical and
Electronics Engineers (IEEE) to assure desirable power quality.
These standards and requirements are as follows:

1) Voltage Flicker requirement: The fluctuating nature of
power supplied by a PV-DG system can cause of voltage
deviations at the grid interfaced bus. These voltage flickers
must follow the limits that stated by IEEE-1453 standard.

2) Voltage and current Harmonic requirements: Most of the PV
systems require interface power converters, which are
significant sources of current harmonics. IEEE-519 standard
obtains the acceptable range of the current and voltage
harmonics at the Point of Interconnection (POI) bus.

3) Temporary overvoltage (TOV) requirement: This
requirement obeys to IEEE-1547 standard that recommends
the TOV limits under normal and unbalanced conditions.

4) Power factor requirement: This requirement obey to the
Large Generator Interconnection Agreement (LGIA), which
necessitates 0.95 power factor at the (POI) bus, calculated
at maximum net power [5].

5) Online frequency requirement: The sudden disturbances in
the supplied or consumed active power causes severe
variations in the grid frequency that reduces the power
stability, especially for the PV side sub-transmission
system. Therefore, the online frequency at the output
terminal of the PV-DG must be regulated at nominal value
with meeting the frequency dynamic criteria, such as rate of
change of frequency (ROCOF) and frequency nadir [4].

In order to meet the aforementioned grid requirements,

numerous studies ([6-8]) investigated the impact of the static

synchronous compensator (STATCOM) in facilitating the
integration of renewable energy sources in order to meet the
technical voltage specifications required in grid codes.

Including an ESS to STATCOM devices, as in PCS, for the

purpose of peak power shaving or power supporting during

peak time, is also investigated in [9]. In [10], the utilization of

a cascaded multilevel converter based STATCOM, to regulate

the voltage at the POI, was validate for integration of a large
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scale wind farm into an actual weak power system. The study
in [11] proposes a control scheme for PCS constructed of
voltage source inverter (VSI) based distributed STATCOM, bi-
directional DC-DC chopper converter and vanadium redox flow
battery. Recent studies were conducted in [12] and [13] to
evaluate sizing and managing of a multi-objective battery
energy storage system (BESS) enhancing the integration of a
large scale PV system into a medium voltage power plant and
residential distribution grid; respectively. These studies also
show that facilitating the integration of PV source can
contribute in reducing of the overall power loss.

The voltage-fed Z-source and quasi Z-source inverters are
tested as a building block for PCS as in [14]. Current source
inverters, with simpler output AC filter, are also utilized for
PSC in integration of renewable sources as in [15]. High power
rating (>10 MVA) converters, such as Cascaded H-bridge
converter (CHC) and Modular Multilevel Converter (MMC),
are not considered in this study.

Practically, higher power density with continuous bi-
directional DC input current is very desirable. Accordingly,
most of the inverters topologies discussed in the literature are
suffering from different aspects as shown in Table II.

TABLE II. CONSIDERATIONS ON POWER CONVERTERS FOR

LOW VOLTAGE-BESS

System considerations
Requires a DC-DC bi-directional buck/boost
converter.
A bulky and lossy DC link capacitor is needed.
Produces undesirable output voltage waveforms
that cause high EMI noise and power loss.

Converter Type

VSI

Unidirectional power flow.
High conduction loss.
Suited only for boost operation modes.

CSI

Unidirectional power flow.

VE-ZSI Discontinuous input current.

High stress on passive elements [16].

CF-ZS1 Ununiformed DC rail.

Unidirectional power flow.

VE-qZSI Ununiformed DC rail.

Therefore, in this study, a recent proposed Current-Fed quasi Z-
source Inverter (CF-qZSI) is utilized as an alternative building

SN SiC-based
-'\‘—/-D-,v— = _T'f

block for the PSC versatile device to enhance the power quality
of a PV solar farm injected into a distribution network. The CF-
qZSI is proposed in [16] with hardware validation. Its
efficiency with different aspects in circuit implementation is
well obtained in [17]. The capability of buck/boost and bi-
directional operations, with single-power stage, makes this
inverter an attractive alternative in BESS applications. As the
PCS requires a fast response for transition between charging
and discharging modes, the study in [18] shows that this
transition period takes several switching cycles based on the
inverter parameters. From protection point of view, current
source inverters offer an advantage of fault protection
capabilities, where the input side is in series with current limiter
inductors [19]. Distortions in output waveforms can be also
reduced, since the overlapping in SVPWM is not required [16].
The detailed model of the power system integrates a 10 MW
SF is described in the next section, and the impact of the
proposed device is investigated using the Real Time Digital
Simulator (RTDS) simulation environment. The field data,
collected by supervisory control and data acquisition (SCADA)
in [20], are used in the simulation process in order to obtain the
capability of the CqZDC in reality. The actual implementation
of the controller circuit is planned for future work, and the
RTDS simulation tool will be used for controller verification.

II. CF-QZzS1 BASED DISTRIBUTION CONTROLLER

A. Operation Principle and Dynamic Model

The CqZDC is a transportable modular distribution
controller which can be connected to distribution voltage bus in
order to perform several tasks by conducting the corresponding
operation mode. These tasks include the power factor
correction, compensating for the current and voltage harmonics
to mitigate harmonic distortions at the POI bus, regulating the
interface bus voltage to meet utility flicker requirement and
supporting the stability of the sub-transmission system that
linked the SF to the power grid during PV power fluctuating
and load interruptions. The CqZDC consists mainly of a fast-
response ESS and bi-directional CF-qZSI as illustrated in Fig.
1. The main objective of the CF-qZSI is to regulate the active
and reactive power independently, in charging and discharging
modes, in order to achieve the desired functionalities, besides
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Power
Vs Grid
—(~)
PS =
5 Qs

L;, LC-Network i Current Source Inverter Module
N SI,’/t\‘- S%/t\‘ S?Ixt\‘
|\\ Y /, |\\ * ,/' l\\ */l
51 r 5 t\
‘I \‘ :/ \ A 'l \‘

ESS

Fig. 1. Configuration of the buck/boost bi-directional CqZDC at the POI bus.
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adapting different levels of DC voltage and directing the
electric power either to charge or discharge the ESS. The
direction of the power flow at the terminal of the power
converter is based on the nature of the PV injected power. The
step-up delta-wye transformer, placed between the CF-qZSI
and the POI bus, is required to reach the grid voltage level and
preventing the transferring of the zero-order harmonics from
PV side to the power grid. The inverter passive elements are
designed to maintain the continuity of the ESS input current
with 2% current ripple for all possible operations. The direction
of the input LC-network currents during charging and
discharging modes are shown in Fig. 2.

Discharging I

Charging

Active mode

Shunt mode

Open mode

Vil

§Lz

Fig. 2. LC-network currents during charging and discharging modes.

B. Inverter Design Considerations

The key component of the power inverter is semiconductor
switches and system design. Better system performance can be
achieved using Si and SiC hybrid semiconductor configuration.
In this study, the characteristic of high voltage SiC based
MOSFETSs and SiC JBS diodes are used to build the power
conditioning inverter in sake of higher power rating and higher
efficiency [17].

With knowing the input and output voltages and powers,
the inverter output peak current can be written by applying the
Kirchhoff current law KCL as:

A ~
l123 = [if + a_bc] (1)
p peak
Qf Pa
=2 £-90°+ ————/—cos 1 (pf,)
[\/§ Vr N, V3 vgap Py ’ )

where Oy, vrand iy are the reactive power, voltage and current
for the output filter, respectively. pf, is the output power factor.

The well-known relationship between the maximum output
current and the PWM modulation index (m;) is:

V3 =@

l1p3 = 7 mel; = g DA {IdC + ILl + ILZ}

A A D
where I =15 = Iy [ ap/l _ ZDop] (3)

where Dy, Dy, and D,, are the duty cycles of the active m@qu,
shunt mode and open mode intervals, respectively. Hence, from
(3) and (4), the required short and open duty cycles to draw the
desired power from ESS side is:

M _ 3 ks (5)
1-2D,,
30 -
(E 1123 Idcl) -1
3~
2 (E 1123 Idcl) -1
The design of the output filter capacitors is relied on (2),
where Qris varying only with the shunt capacitance Cy, keeping
in mind that the voltage across this shunt filter is maintained by
the AC grid. Figure 3 demonstrates the relation of 714, irand Do,
versus the shunt filter reactive power at 1.0 pu output real power
and buck operation mode. Figure 4 shows the relation of the
same variables as in Fig.3 but with changing the output power
at 0.05 pu shunt filter reactive power.

» Doy = (at Dg, = 0) (6)

0.65
a
_ P 055 8
2 5
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0 : : : 0.25

-1 -0.5 0 0.5 1

Output real power (PU)

Fig. 3. Open-state duty cycle and circuit loop currents versus shunt filter reactive
power (P,= 1.0 pu, V;,=3kV, v, .= 2.5kV,rms and unity output power factor).

Currents (PU)
Open duty cycle (Dop)

0.02 0.0375 0.055 0.0725 0.09

Shunt filter reactive power (PU)

Fig. 4. Open-state duty cycle and circuit loop currents versus output real power
(0;=0.05 pu, V;,=3kV, v, ;.= 2.5 kV,rms and unity output power factor).
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The relations shown in Fig. 3 and Fig. 4 are obtained in per unit
values, based on the rated power and voltage of the designed
system, to be scalable for any power inverter size.

III. SYSTEM CONFIGURATION

Figure 5 shows the single line diagram of the power system
that analyzed in this study. The solar farm is connected to a
weak distribution power system through a sub-transmission
feeder and power transformer. Since the voltage magnitude and
power angle at bus #1 are known, therefore, this power bus was
considered the system swing bus. The power and voltage
ratings of the solar farm are 10 MV A and 13.8 kV; respectively.
Each solar array is interfaced with a DC-AC inverter and a step-
up power transformer. The solar farm terminal bus is not
facilitated with voltage regulation system which poses the
challenge of unsettled voltage and frequency at the POI (bus
#2). To solve this problem, step-change mechanical switched
capacitors (MSCs) in range of ten kilovars are installed across
bus #3. Moreover, a tap-changed (TC) power transformer is
placed between the PV system and the POI bus to provide
voltage support. It is worth mentioning that, the impact of these
solutions are in discrete manner which does not satisfactorily
regulate the intended voltage, and even poses other dynamic
issues such as voltage flickers.

Therefore, the sub-transmission system that linked the PV
system to the power grid is considered as the weakest part of
the power system. It is concluded from [1] and [10] that
connecting an oscillatory power source to a weak power sub-
system can cause several significant problems. These problems
includes power stability and the disability of injecting more
active power. Moreover, the sensitive loads located nearby the
weak portion of the system (e.g. induction motors), are exposed
to harm or damage [21].

TABLE III. ~ SPECIFICATION OF THE PV DISTRIBUTED
GENERATION
Base power 10 MW
Module number per panel 4
Array terminal DC voltage 425kV
Terminal rated power per array 0.59 kW
Power system base frequency 60 Hz
Switching frequency PV-VSI 3 kHz
Turns ratio of interface transformer 1:3.75
_______ , Infinit Bus
| CqzDC |

Solar Farm 10 MW

Other PV H
feeders _3'2 MvA :

POI Lo
| TL;- 2.6 mi | TL,- 3 mi
|_4|~13.8 kv 13.8kV
Cusc Distributed
— 1T

= Commercial Load
BUS3 BUS2

A-Y

Z

e s
55
Sa
@ o

Fig. 5. Single line diagram of the studied power system.

IV. CONTROL SYSTEM

The control system is divided into three subs-controllers;
Supervisory control loop, inner control loop, and
synchronization module.

A.  Supervisory Control Loop

This control loop is responsible of generating the active
and reactive power reference signals to conduct the desired
operation mode as discussed in II. These reference values can
be tracked by adjusting the d and ¢ components of the converter
output voltage, accordingly.

A.1  Active Power Smoothing Controller (APSC)

The first control mode of the supervisory control loop is
the active power smoothing controller (APSC), which is
utilized to smooth out the injected power by observing or
suppling real power at the POI. In order to predict the pattern of
the injected power trend, to be used in power smoothing
process, the statistical linear regression analysis (LR) is used
[22]. The main principle of the LR is the obtaining of future
values of a time variant quantity using the pervious readings.
This statistical tool can be utilized to trace the pattern of the SF
injected power in order to determine the required behavior of
the proposed versatile system. The main structure of the LR
model is written as follows:

Yoerr) = o + 014 Trpr + 14 )

where Y is the predicted dependent variable that changes
with time 7 and k is the current reading index. u is a random
value that embedded to simulate the lost accuracy in the
linearization process. dy and d; are the y-intercept and slope of
k+1 value, and they can be determined by:

k k k k k 2
51=[w2(mi)—2n2n /IwZ(Ti)Z— Yl ®

X

6 = [i(m -8 i(m] w 9)

where w is the model window size (or the number of the used
data in the regression process). Based on extensive simulation
analysis, four previous readings as the regression window size
(w=4) with 2 minutes step time every 0.5 hour, yields a best fit
to the SF injected power with a desired degree of smoothness.

A.2  Frequency and Voltage Deviation Controller (FDC and
VDC)

On top of the fluctuated active power compensation, the
frequency and voltage-droop (wV-droop) controller for grid-
supporting converters are utilized to support the frequency and
voltage magnitude at the POI [23]. The objective of ®V-droop
is to adjusting the inverter through output power based on
power dispatch to suppress the voltage and frequency
variations. By assuming a very small power angle (less than 0.1
rad), the converter output powers can be written as:

Py Xp = VapVs (6 —0) (10)

Qo Xp ~ Vab [Vab - Vs] (11)

where 0 and 6 are the power and power factor angle;
respectively. It is concluded form (10) and (11) that the power
angle ¢ controls the inverter active power, while the magnitude
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of the terminal voltage controls the inverter reactive power.
Therefore, the grid bus frequency and voltage amplitude can be
supported by adding the following active and reactive power
references based on the (f~P) and (V—Q) droop characteristics

(Fig. 6):

—P=K;(fu =) (12)

Qvrer = Qn = Q =Ky (Vo — V&) (13)

where P, and Q, are the nominal real and reactive powers.
Vin and f, are the nominal terminal voltage and frequency. K4
and Ky are the proportional drooping frequency and voltage
coefficients, as shown in Fig. 6.

Pf,ref =P

A 1/Kq4 A
§:>" 1/Kg N At U
3 >
5 o~ | S SsS. U N}
g3 T - A 1 "
= /Y : 8
‘5 T \ >°
—> AP < 1
P, Q. P Q

Injected real and reactive power (%)

Fig. 6. w-P, U-Q droop curves of ®U-droop controller.

A.3  Power Factor Correction Controller (PFCC)

High injected power factor can be maintained by
controlling the current g-axis component, to make its
summation with the SF current in-phase with the interface bus
voltage. This control mode is activated when switch Sb is in
position 2 (Fig. 8).

Supervisory control loop

|

|

1 Ppy ‘f

I > »(+
l

: Lmear Rate limiter

l

Q inj

> Pﬁreff

|
|
1/ ‘Kp >
|
|

Saturation

Fig. 8. Control circuit of the CqZDC system.

Inner control loop

A.4  Current Harmonic Filtering (CHF)

The THD of the injected current is improved by injecting
the opposite phase shift of its high frequency harmonics,
extracted using a high pass filter, to the inner loop current
controller.

B.  Inner Control Loop

The inner control loop is designed to adjust the d and ¢
components of the inverter terminal voltage in order to track the
formulated power references.  The voltage inner loop
controller, with decoupled state variables, is constructed relying
on [19]. The controller parameters are obtained via extensive
simulations, for minimum possible steady state error. The state
of charge (SOC) control circuit, utilized to control the battery
current, is designed based on [12].

C. synchronization module

In this controller part, the Clarke transformation formula is
used to obtain the d and ¢ components of a measured sinusoidal
electrical quantity in abc reference frame. Moreover, the phase-
locked-loop (PLL) is utilized in this control module to extract
the system angular speed w;. Fig. 8 shows the schematic of the
control circuit in d-g reference frame.

Dynamic problems
Feed-
forward

Converter tasks

= U - variation
= Power Factor
= /- stability

= j - harmonics

| Grid
requirements

P Resultant
= Power smoothing ve&i

= @U-droop control
= PF correction
= Harmonic
compensation

Measurements

Voltage and Current
Control Algorithm

Feed back

Fig. 7. Process flow of the proposed CqZDC system.
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block | FDC= Frequency

| Deviation Controller.

7
L a.ref | CHF= Current
: Harmonics Filtering.
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I Loop.
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V. SIMULATION ANALYSIS

A. Power System Model Validation

The power system, as shown in Fig. 5, has been developed
in Real Time Digital Simulator (RTDS), and a typical 10-hours
operation (with 1-min sampling rate) was carefully selected to
cover all possible injected power scenarios as shown in Fig. 10.
And in order to address the power quality issues and the
dynamic performance problems of the existed PV system, the
real electrical data collected for the PV system were embedded
to the simulation model. The grid loads are considered to be
constant at 75% of the power transformer rating.

It is clearly seen from the dynamic performance in Fig. 10
that the SF injected power and voltage at the POI bus are
aggressively fluctuating in different time period ranges. In
addition, the uncontrolled reactive power at the POI bus causes
a negative impact on the power factor of the SF injected power.

Processing
it -

Ra
-
TH-

ks SRERTDS Sypporiﬂé

— OPitS

RTDS
CPU

o

Fig. 9. RTDS simulation facility (for controller and system validation).

Input/Out ;, §
= put ports

Interface
CPUs

Real power injected from the solar farm (Ppv)

10.0
" j’ e
S 50 } !/

0.0 L

14.0 W RMS voltage at the POI (Vs)

13.5 4
Z

13.0

12.5

Power factor of the power injected into the POI
1.00
%Wﬁ\%‘ ’ \

= 0.50 { \\

0.00 M \

Fig. 10. Dynamic performance at the POI bus (without using the CqZDC).

B.  CqZDC Dynamic Response Test

The dynamic performance of the CqZDC device, when
connected only to the power grid, is tested to show the device
capability of controlling the active and reactive powers
independently. Figure 11 illustrates the device performance

when the active and reactive power references are set at their
maximum ratings with all possible scenarios. It is concluded
that the CqZDC is able to regulate its output active and reactive
powers independently in charging and discharging operation
modes. Despite of that the power references were changing
dramatically (step-change), the dynamic performance meets the
grid requirements. The ESS terminal voltage is regulated by
controlling the short-state and open-state duty cycles.

C. CqZDC Dynamic Impact Evaluation

In this section, the CqZDC, is tested when it is connected in
shunt with the SF system through the POI bus. Figures 11-17
demonstrate positive dynamic influence of the CqZDC. For
example, in Fig. 12, the resultant injected PV power (blue line)
has a smoother pattern than the original injected power (black
line). In this figure, the worst case scenario of the solar radiation
is illustrated. The smoothing process is conducted by activating
the active power smoothing controller (APSC) mode, so that the
power fluctuations is compensated by the ESS through the
CqZDC device. This operation mode is conducted
simultaneously with the PFCC mode, therefore, the CqZDC
generates the required reactive power to reach zero reactive
power injected to the POI bus, and therefore unity power factor
as shown in Fig. 13.

Converter output active and reactive power (P¢, Oc)

2.0

Reactive
power

N 't
|

Active power

1.0

PU

0.0

-1.0

-2.0

Canacitor C, voltage

5.0

4.0

2.0

kv

1.0
DC-AC converter output current (/)

2.0

1.0 A

PU

0.0

-1.0 t

-2.0

ESS output current (/;) and inductor L, current ({;,)

3.00
v I,

1.50

PU

0.00
Idc

-1.50

>
2.0 sec.
1

-3.00
Fig. 11. Dynamic performance test of the CqZDC.
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Fig. 12. Worst case injected real power into the POI bus (Ps).
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X 0.80 -
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50 RSN
0.40

Fig. 13. Power factor of the power injected into the POI bus (Ps) during the
PFCC mode.

2.5 :
0.0 —“W
~a
A W/CqzDC r-'
N 2.5 W
= s
-5.0 T wo
CqzZDC
-7.5
2.5 Hrs
-10.0

Fig. 14. Injected reactive power into the POI bus (Qs) during the PFCC mode.

It is concluded for the simulation results that the power
factor can be maintained at unity value by adjusting the
resultant injected reactive power accordingly via the CqZDC
device (Fig. 14). The negative power factor value means that
the CqZDC is operating during charging mode, i.e., the power
is following form the power grid to the ESS system.

In addition, the POI voltage frequency response under
sudden change (£5MW) in the injected power with and without
using the CqZDC is studied as shown in Fig. 15. According to
the results, the frequency ROCOF is improved with using the
CqZDC, while the frequency nadir was reduced from 60.9 Hz
to 60.2 Hz. This reduction in frequency deviation is not resulted
only by utilizing the FDC operation mode, but also the utilizing
the APSC mode, where the sudden change in the injected power
is mitigated. The dynamic impact of the CqZDC device is also
validated during the VDC operation mode. POI bus voltage is
suppressed by controlling the injected reactive power
accordingly, as shown in Fig. 16. The steady state value of this
voltage is also enhanced and kept at its rating voltage (13.5 kV),
as set by the reference signal. In this case, the CqZDC device
deliver the required Mvar to the POI, with opposite oscillation
of the injected reactive power, in order to perform the desired
terminal voltage. The peak oscillation of the POI bus voltage

has been suppressed from 3.8% to 0.72%, which validates the
positive impact of the CqZDC on integration of the SF.

61.0
WO
CqZDC W/CqZDC
-5 MW
T 60.0 —{e—
+5 MW
0.5 min

59.0

Fig. 15. Frequency response of THE POI bus voltage.

14.00
W/CqZDC
13.75 A 4
2 13.50

13.25

13.00
Fig. 16. Line voltage of POI bus (Vs) during worst case.

Filtering out of harmonic contents in current and voltage
waveforms at the POI bus (CHF mode) is also one of the
operation modes of the CqZDC device. This operation modes
is activated 2.5 hour after the initial time of the simulation to
demonstrate the increased harmonic contents due the
attachment of the CqZDC device. As shown in Fig. 17, the
harmonics contents were reduced from 2.5%, 4.05% to 1.3%,
2.0% for the POI bus voltage and current, respectively. This
reduction in harmonics verifies the feasibility of the CqZDC in
enhancing the power quality of the power injected from
renewable energy resources that interfaced by electronic based
devices, which are considered as significant sources of current
harmonics. This improving in the total harmonic distortion
(THD) of the injected current and POI voltage also contributes
in minimizing the power loss, therefore, increasing the SF sub-
transmission efficiency.

The THD of the injected current and POI terminal voltage,
become higher when the CqZDC device is attached to the
system, and before applying the CHF mode, as shown in Fig.
17 (blue color). This slight increment in the THDs is due to the
harmonic content in the output current of the CqZDC dc-ac
power converter.

VI CONCLUSIONS

This paper proposes a current-fed quasi Z-source inverter,
as an alternative topology for power conditioning systems
(PCS) controlling a distribution renewable resource. This
device can be connected at distribution system bus to perform
several tasks, in order to enhance the power quality of an
injected PV system, to meet the technical specifications required
in grid codes. The detailed model and control algorithms of the
prosed device are developed. The year-round simulation
analysis, adopted by RTDS, indicate that the proposed solution
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is feasible and has the ability to achieve the desired function
with the size of 3.2 MVA. This study concluded that, the
advantages of the CF-qZSI can be brought to the low rating
energy storage systems based PCS applications.

%

%

THD of bus POI bus voltage (Vs)

3.00
2.50
2.00 CqzDC
1.50
W/CqzZDC
1.00
THD of current injected into the power grid
6.0
—>  CHF|mode is applied
5.0
4.0
N wo
3.0 CqzDC
2.0 1
2.5 Hrs W/CqZDC
1.0

Fig. 17. Voltage and current THD at the POI bus.

APPENDIX

The truth Table for the switching pulse generator used for

SVPWM to drive the CqZDC is shown in Table IV. The
numbers “0” and “1” indicates the “OFF” and “ON” states of
the inverter switches; respectively. X character means that the
switch state does not matter (either ON or OFF).

TABLE IV
TRUTH TABLE OF THE CQZDC SWITCHING PULSE GENERATOR

Top Switches Bottom
Switches State
S1 S3 S5 S2 S6 S4
1 0 0 1 0 0 Active
1 0 0 0 1 0 Active
1 0 0 0 0 1 Short
0 1 0 1 0 0 Active
0 1 0 0 1 0 Short
0 1 0 0 0 1 Active
0 0 1 1 0 0 Short
0 0 1 0 1 0 Active
0 0 1 0 0 1 Active
0 0 0 X X X Open
X X X 0 0 0 Open
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