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“ABSTRACT- This Paper introduces an advanced approach to enhancing the efficiency of grid-connected wind
cogeneration systems by replacing conventional proportional-integral (P1) controllers with fuzzy logic controllers (FLC) for the
Voltage Source Converter (VSC). Integrating renewable energy sources into power grids poses several challenges, particularly in
maintaining the stability of the electrical distribution network (EDN). To address these issues, this work employs points of
common coupling (CCP) and two-level converters with Dual Active Bridge (DAB) technology to integrate storage modules
effectively. The proposed system features an E-STATCOM setup with DAB-based active and reactive power support, enabling
simultaneous operation for improved grid stability. FLCs are utilized in place of PI controllers for both the VSC and DAB to
enhance efficiency and reliability under varying grid conditions. The wind farm is subjected to diverse fault scenarios to evaluate
power and voltage variations, demonstrating the effectiveness of the proposed control strategy. The DAB-based E-STATCOM,
controlled by FLC, significantly improves transient voltage stability across multiple fault conditions while maintaining
performance comparable to traditional PI controllers. The proposed system’s effectiveness has been validated through simulations
in the MATLAB/Simulink environment.

Keywords: Renewable Energy Resource (RER), Energy storage based Statcom (EsST), Proportional Integral Controller (PI),
Fuzzy Logic Controller (FLC), Dual active bridge (DAB).
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steady state issues [2]. The generation of energy based on
Renewable Energy Resources (RER) is required due to the

1. INTRODUCTION decrease in fossil fuel use and rise in energy demand. Utilizing
Recent years have seen a sharp increase in the use of wind locally accessible resources to meet energy demands is also
energy because of lower installation costs and better control ~ Working as a good approach. Because of its high conversion
technologies. This growth is further accelerated by the efficiency, simplicity of Use, inexpensive installation costs,
transition away from fossil fuels. The development of and c_>ther advantagesz wind and solar energy generation is
sustainable energy now heavily relies on wind power. growing at a rate twice as fast as tha_t of other renewable
Efficiency and scalability in technology are improving as it ~ Energy sources. However, because wind speed and solar
develops [1]. In the last thirty years, Wind is one of the most msolathn level are stc_)chastlc, these_resources produce power
promising renewable energy sources; nevertheless, there are  that varies. The infusion of the variable power generated by
certain technological obstacles to its integration into power  the DGs affects the voltage and frequency stability of the
systems that affect supply security in terms of dependability, current EDN. Designed for this reason, strict adherence to grid
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codes is necessary to enhance system stability [3]. Some of the
prerequisites for integrating major renewable energy providers
into the grid are Q- assistance for voltage stabilization, Active
filtering, Smoothing power, Frequency support, Power
oscillation damping and Low-voltage Ride through capability

[4].

To resolve energy and environmental challenges, the
integration of renewable energy sources (RES) based power
generation to the grid is essential. These sources, however, can
differ widely and be erratic at times. When RER based power
generators are linked to the grid, Energy Storage Systems
(ESS) provides an adaptable way to reduce their effects [5-7].
For AC transmission and distribution networks, a STATCOM
regulates voltage at the point of common coupling (CCP),
modifying the voltage profile by supplying capacitive or
inductive current to ensure stability [8].

To incorporate DG into the electrical grid, interface converters
inject active power; nevertheless, their ratings are limited,
making it impossible to comply with grid rules at the common
coupling point [9-10]. They need extra systems for reactive
power supply and harmonic filtering, and their MPPT
operation causes power fluctuations. Active power support can
be offered by energy storage systems (ESS)[11-12].Utilization
of energy storage systems is limited by their high costs, and
power systems are greatly impacted by medium-frequency
wind power changes (0.01Hz-1Hz)[13-14].Since it requires
less maintenance and requires fewer installation costs than
other storage systems, battery storage systems, or BSSs, are
the most often used type. Presents an overview of control
approaches for using the BSS to integrate renewable energy
[15]. In [16], PI controllers set the gains for the control circuit
in a E-STATCOM (EsSt) system that combines storage and
VAR correction according to real/reactive power demands at
the CCP.

There are advantages to integrating VSCs with Pl controllers
through FLC, but there are drawbacks as well, such as
parameter sensitivity, computational complexity, and grid
integration, and the nonlinear nature of renewable energy
causes poor performance under changing conditions [17-18].
With PI controllers, an ESST, and a DC-DC converter, the
study seeks to lower power losses, improve cogeneration
efficiency, and illustrate the efficacy of FLC-based tuning in
integrating renewable energy [19]. For ESST, a DAB setup
offers real/reactive power support [20].

It has been investigated how to achieve the configuration's
real/reactive power support through control. The process of
adjusting the PI's gains is explained, and the fuzzy controller
controls the DAB's output voltage. Section Il discusses how
the system works to confirm the usefulness of the specified
configuration. Section Il gives the procedure how to create
EsSt and illustrate the architecture and control configuration of
the system. Section IV provides a thorough explanation of the
simulation results and suggests a course of action for control.
Section V deliberates the process of developing the PI
controller for DAB. To monitor variations in voltage and
power, the power system is exposed to a range of fault
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circumstances. EsST and DAB's fuzzy logic controller is
utilized to increase transient voltage stability in a variety of
failure scenarios. Section VI provides a comparison between
the EsST and DAB with PI controllers and fuzzy logic
controllers.

:: 2. DESCRIPTION OF THE SYSTEM
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Figure 1. Configuration of E-STATCOM

The grid is connected to wind farms via the point of common
coupling, and the effect of wind energy on grid stability
particularly in cases of massive wind integrations has been
extensively investigated. For stator correction, SCIG-based
WECS need capacitor banks, but DFIG-WECS offer
bidirectional reactive power assistance, improving voltage
stability at grid connection regions [21].

To connect to an AC network, the electronic device uses
AC/DC/AC conversion, which improves operational efficiency.
The maximum output that the Wind Energy Conversion System
(WECS) generates is one megawatt. While the line-side
converter (LSC) acts as a rectifier by controlling the fluctuating
DC link voltage, the machine-side converter (MSC) provides
energy to the DC link to control the speed of the induction
machine [22-24].

O[T

Figure 2. Composition of small-scale wind energy production

The SCIG, which is directly connected to the wind turbine,
collects wind power (Pw,), while the (back-to-back) BTB
converter sends the generator's electrical power (PE) to the
grid figure 2. The SCIG-WECS works in two steps. Initially,
mechanical energy produced by the wind turbine blades is sent
to the SCIG via the shaft, where it is transformed into
electrical energy [25]. The mechanical power output of a
SCIG wind system can be calculated using the formula below,

B, = %pAV3 C, watts 1)
If we let,
P=mechanical power in the moving air
p=air density, (1.225kg/m3)
A=area swept by the rotor blades, (mr?=27.58%r (m?))
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V=velocity of the air, (12 m/s)

Cp=power co-efficient depending on design of turbine (0.2 to
0.5)

The Appendix contains the complete set of SCIG parameters.
WECS generates fluctuating power because of MSC operating
MPPT operation. The grid codes are supplied by ESST at the
WECS point of common coupling.

3. LAYOUT OF E-STATCOM

Reactive power needs and power quality issues are addressed
by the two-level Voltage Source Converter (VSC) used in the
EsST design shown in figure 1. The VSC adjusts voltage
dynamically, compensates for reactive power, and reduces
harmonics. This guarantees that the grid runs smoothly and
provides higher-quality power. Large-scale renewable energy
resource integration into the grid requires compensation of
negative sequence current, management and support for active
power. By providing electricity when required, the battery
storage system satisfies energy demand and maintains a steady
flow of energy. It improves system efficiency and facilitates
power balancing by connecting to the VSC at DC-link through
a low-voltage storage module [16].

3.1. Two level Voltage source converter

A two-level VSC was used to incorporate the battery modules
into the alternating current network. The paper next section
explains the VSC control principle. A full presentation of the
VSC rating can be found in [16]. The BSS is integrated with
the grid via a two-level VSC, which offers ancillary services to
satisfy grid code requirements.

3.2. Integration of Storage modules

The bi-directional converter that links the VSC and storage
modules is described in [26]. The EsSt was first equipped with
a boost-type DC-DC converter but due to its shortcomings,
Dual Active Bridge (DAB) technology [27], which offers
greater conversion ratios and lower switching losses, was
adopted. As illustrated in figure 1 [28], DAB converters are
superior to Half-Bridge converters in terms of efficiency and
EMI reduction, making them perfect for high-power,
bidirectional applications.

4. OPERATING PRINCIPLE OF EsST

To achieve effective energy storage and grid integration, this
article combines a BESS with a dual active bridge DC-DC
converter. As illustrated in figure 1, the ESST system consists
of a battery module, DC-DC stage, and DC-AC stage. The
VSC control principles are described, and stable power flow
management is ensured by Equation (2), which computes the
EDN load demand and power support.

PEn;f = PG - Pwind 2

Pwp stands for the estimated WECS power during the
upcoming hour and Pgesf is the active power support by the
EsST. When distributed generation is not available, the grid
supplies planned power assistance (Pg), which acts as a
backup power source to satisfy load demand. The EsSST
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primary goals are to regulate the CCP voltage and reduce
variations in the distribution network's actual power usage.
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Figure 3. VSC controller supporting grid codes

@ Using an estimation technique to determine the quantity of wind
power generated.

P
Ps Wp(ii) The amount of energy available determines how much active power is
el fed into the grid.
Pe

DAB control
(i) The battery module-fed DAB operates in
voltage management mode to maintain
the dc-link voltage.
(ii) Battery-fed DC-DC converters offer
necessary active power support for the
DC link.

Voltage source converter control

(i) Power is controlled using both active and
reactive methods.

(i) PCC voltage regulation

Figure 4. Control of DAB-Fed VSC

The WPCS and CCP communicate via a three-phase, VSC-
based STATCOM, which features one Pl controller for
external DC voltage and two PI controllers for internal current.
Grid voltage disturbances in renewable energy systems are
frequent, necessitating connected components to provide
voltage support. Both symmetrical and asymmetrical grid
faults can benefit from the reactive and active current injection
that ESST provides to help with voltage regeneration [29].

4.1.VSC Control

The control block for the two-level converter is depicted in
figure 3, with elements such as grid synchronization, current
regulation, and DC-link voltage control. The ig and iq
components regulate the real and reactive power support,
while the modulation index (m) is modified for both positive
and negative sequences. To maintain the required DC-link
voltage for STATCOM functioning, the active power
controller and DC-link voltage controller work together to
control the ig™f [30].

Il’ef - _ QES _ (3)

-V

|Lef — PES _ (4)
1.5%V)

The Vg and Vq are the control voltages of current controllers.
Active (Pes) and reactive (Qes) power can be obtained by
adjusting ig"f and iy equations (3) and (4).
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The d-axis PI controller processes the (I4"f -15) to generate ug.
By adjusting the iq, the desired active power can be provided at
the CCP by the E-STATCOM. Similarly, g-axis Pl-controller
processes the (Igf -lg) to generate ugq as shown figure 3.
Equation (5) describes how the DC voltage regulator (PI)
calculates the I when it receives the DC voltage error signal.

15 = (Kp + [ Ki) (Ve = vgen) (5)

Above equation (5), is the DC-Link voltage as measured at the
de-link capacitor Cycink is shown by V(c.ink), Whereas the
reference dc-link voltage is represented by Vg and actal
represented by Vg2 is shown figure 3. The expression
(Ky+Ki) represents a Proportional-Integral (PI) controller
gain.

To provide UgUq signals, the current regulator (PI) receives
these lq4-1q error signals. The final reference signal generator
[19], which produces the reference signal required for the VSC
to operate, receives input from the UgUg, lalg, and VqVq
components. Figure 5 below depicts the internal organization
of the reference signal generator.

Vatlw g

Id error

Current
Controller| Yq

Iqm-nm

Vq-Lw'd

Figure 5. Final generator of V¢*-V¢*

The mathematical representation of the structure is given by
equations (6) and (7)

Vg = Ud + Vd + L(.L)Iq (6)
Vi =Uq + Vg — Loy @)
These final reference voltage signals, Vg¢*-Vg*, are

transformed into "abc" components, which serve as the
SPWM (Sinusoidal PWM) technique's reference signals
[20].
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Figure 6. Algorithm of Active power among batteries
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The algorithm for Pes distribution begins by identifying the
sign of the required active power is shown in figure 6. If the
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Pes is positive, the storage modules are tasked with supplying
the power. The system then checks if the Pgs is within the
BESS rating, ensuring that Pes<Pmax pss. If so, the BESS
provides the necessary power; if not, the BESS supplies the
maximum allowed power, Ppss=Pmax nss. Conversely, if the Pes
is negative, the storage modules must absorb the power. The
system verifies that Pes>Pminbss t0 ensure the required
absorption is within the BESS’s capability. If it is, the BESS
absorbs the power; otherwise, it absorbs the minimum allowed
power, Puss=Pmin_pss-

4.2.DAB Modelling

The isolation transformer and coupling inductor L connect the
two full-bridge circuits of the DAB converter shown in figure
1. The left bridge is connected to the HV DC bus, while the
right bridge is connected to the LV battery system. High-
frequency square-wave voltages are produced by every bridge,
where the HV and LV sides are denoted by Vuyv and Vi,
respectively. With Ts being the switching time and D being
the regulated duty ratio, the phase shift between Vuy and Vv
equals dTs/2 [31-34].In the charging mode for ESST to grid
(G2E-STATCOM), the secondary bridge uses a phase delay
and a lagging phase shift angle (¢); in the discharging mode
(E-STATCOM2G), the primary bridge also employs phase
delay and a lagging phase shift angle [35-36].

The input and output voltage levels' magnitudes as well as the
phase difference between them determine how much power is
transferred.

- [”VHVVSLV] D(1-D) (8)

The DAB's high-frequency transformer's switching frequency
and leakage inductance are denoted by the symbol’s fs and Ls
(8). For power to flow from the battery module to the DC-link,
the phase angle "D" between Vv and Vv must be positive;
for reverse power flow, it must be negative [37].

4.3.DAB Control

In order to control PI, the PI controllers adjust output current
and are sensitive to variations in DAB's input voltage, while
the DAB output voltage is resistant to these variations [38]. A
PI controller changes the pulse timing by a phase angle (¢)
after comparing the observed DC voltage to Vg in the
battery current controller, which is depicted in figure 4. With
the output voltage managed by the PI controller and dictated
by the DC-link voltage (V4c), the DAB's performance is
improved by varying the phase shift between the primary and
secondary voltages [39].

One way to express the DAB input and output current
expressions (9) and (10) are follows from figure 1.

. D(l B D)Tswvin (9)
lp = L—
s
D(1 — D)Ty,v, (10)
bn =l
s

The state space representation of DAB using the averaging
techniques is provided below.
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o= gadﬁ + govinﬁ;l (1)
R - 12
= gD+ Givy Vo (12)
_ vp(1-2D) _ Vv _ vp(a-2D)
Where goq = (-pypr," Jovin = —vinRo’ Gia = o2 (1-D)DR, and

Jiv, = v& In contrast, the relation was presented (13). The

inRy
phase angle (D) and output voltage of DAB may be
determined using equations (11) and (12).

% = (o) ((oan) P (13)

Hence from the expression in (13), the output voltage of a
DAB can be adjusted with the help of phase angle (D).In [33],
the procedure to design the Proportional-Integral controller to
operate the DAB has been proposed and the performance of
DAB in EsSt application has been explored in [40].

To manage multiple failure scenarios, the operator needs to
confirm that voltage support components are performing as
expected. Line-to-line (LL), line-line-ground (LLG), three-
phase line-to-ground (LLLG), and triple Line (LLL) faults are
examples of symmetrical and asymmetrical faults that are
frequently present in power system. This approach preserves
system dependability and voltage support even in the presence
of fault scenarios by mitigating the consequences of both
symmetrical and asymmetrical failures [41-42].

# 5. FUZZY LOGIC CONTROLLER
FOR DAB

To improve the efficiency of the ESST DAB is used
conventionally, a Pl controller is used to maintain DC link
voltage as constant. But during dynamic fault conditions the
performance of Pl controller is poor. Hence an artificial
intelligent controller is proposed in this work “figure 7”” shows
the block diagram of proposed FLC used at DAB which has
two inputs and one output which in terms provides modulated
pulses to the switches in the DAB.

——
Pulse Width | —
»{ Modulation Ss
Fuzzy (PWM)
output

Fuzzy Logic
Controller

ref
Vdc

Ce

act
Vdc

Figure 7. Control structure of FLC

The processes for generating Pl gains for DAB are described
in [24], while [22] explains the DAB modelling. The error
between the reference and measured voltages is used by the PI
control module to modify Kp and Ki.

The two inputs give to the FLC are error in the dc-link voltage
and change in error in the dc link voltage having five
triangular membership functions named given as moderately
Negative (-NM), Very Large Negative (-EN), Extremely High
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Positive (+EP), Positive but Moderate (+PM), and Zero (2).
The output is also having five triangular membership function
namely given as moderately Negative (-NM), Very Large
Negative (-EN), Extremely High Positive (+EP), Positive but
Moderate (+PM), and Zero (Z) then 25 rules are framed as per
this output is defuzzyfier with centroid method to produces
suitable reference signal for PWM circuit[28].

Membarship function plots " """ l Mombership function plots. ™= 61
he NM ZERO PM P8 ne o ZERO 2 PE

Input variable “ERFOR"

(i)

input variabia “CHANGE N, RROR"

Membership function plots ™" ™" 181
Ne ] ZERO 2 B

oulput variable “OUTPUT

(iif) (iv)

elce | -EN -NM z +PM +EP
-EN -EN -EN -EN -NM z

-NM -EN -EN -NM z +PM
z -EN -NM z +PM +EP

+PM -NM z +PM +EP +EP

+EP z +PM +EP +EP +EP

)

Figure 8. (i) Memberships of the input error (ii) Memberships of the
change in error (iii) Membership functions for output (iv) Surface
Viewer layout (v) Fuzzy rules

According to table 1, the fuzzy logic controllers employ 25 If-
Then rules, and the output signal DAB is quantized into five
levels [28]. The ranges of the input variables "error (e),"
"change in error (ce)," and "fuzzy output™ are -130 to 130, -3
to 3, and -0.4 to 1.5 degrees, respectively [29]. The fuzzy
output value is computed using table 8(v). 25-rule set. On a 3D
control surface, the roller blind's current position based on
measured inputs is displayed, along with the relationship
between inputs and output is shown figure 8 [30-32].

=:6. DISCUSSION ON RESULTS

6.1. Performance of EsST

For the proposed EDN with ESST and WEGS which is shown
in figure 1 is developed in MATLAB simulation environment
which is shown in figure 9.
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Figure 9. Simulation block diagram of DAB based ESST

As the velocity of wind energy charges, the active power
supplied by WEGS changes which is shown in figure 10. The
response of EsSST for the above variation is also shown in
figure 10.
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Figure 10. Wind power and EsST power
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Figure 12. CCP voltage

When EsST is present at the CCP of EDN and allowing for the
drawing of a stable power supply from the grid. Figure 11
displays the CCP's reactive and real power required.

Performance of EsST Without ESST, there are variations in the
CCP voltage in figure 12.

6.2 Performance of E-STATCOM

To observe the performance of the proposed controller the
model is tested by creating different dynamic faults namely
LG, LL, LLG, LLL and LLLG faults are created near CCP at
time is 2second and restored at 2.5second. The simulation
results of the proposed circuit are depicted from figure 13 to
figure 20.

450 Vpcc voltage of LLLG fault

400 N

@
3

Voltage (V)

Time(s) 3 4 5

Figure 13. Voltage at CCP during LLLG fault

1 2

DC-link voltage of LLLG

Ve tuzzy.
‘

— vdeP1
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| i 2
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Figure 14. DC link voltage during LLLG fault

LLG fault
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Figure 15. Voltage at CCP during LLG Fault
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Figure 16. DC link voltage during LLG fault

The DC link voltage is to be maintained at 1750V and the
CCP voltage is required to be kept at 400V in all
circumstances.

LG fault
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Figure 17. Voltage at CCP during LG fault
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Figure 19. Voltage at CCP during LLL fault
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Figure 20. DC link voltage during LLL fault
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From figures 13, 15, 17 and 19, it is observed that during
various transient faults such as LLG, LLL, and LLLG, the
voltage at the CCP is restored quickly using both the PI
controller and the Fuzzy Logic Controller (FLC). However,
during an LG fault, the dip in the CCP voltage is significantly
smaller when using the FLC compared to the Pl controller. As
a result, the need for Low Voltage Ride Through (LVRT) is
lower with the FLC than with the PI controller. Figures 14, 16,
and 18 show that, after fault restoration, the DC link voltage is
restored with a slight delay using the FLC. In contrast, the PI
controller fails to restore the DC link voltage. Figure 20
concludes that while the PI controller can resolve the DC link
voltage issue, it does so with a delayed response, unlike the
FLC. Therefore, the FLC demonstrates better performance
compared to the PI controller.

i Table 1. Steady State error of DC link voltage

S. No. Type of Steady State error
Fault PI controller Fuzzy controller
1 LLLG 1250V ov
2 LLG 1202V ov
3 LG 1150V ov
4 LLL ov ov
= CONCLUSION

This study suggests that the voltage/frequency of EDN, which
is dominated by renewable energy, be supported by the ESST
architecture. To regulate the voltage at Common coupling and
to provide a constant real power flow to the distribution
transformer, the EsST provides the required real and reactive
power. To maintain steady operation, the VSC's dc-link
voltage is regulated by the DAB controller. To validate the
performance using EsST, the distributed generation EDN has
been modeled in MATLAB. The outcomes of the simulation
indicate that the DC link voltage and CCP voltage can be
regulated via the EsST and mitigating fluctuations in active
and reactive powers. It can be shown from the simulation
results that the proposed fuzzy controller provides better
response than PI controller.

To improve system capability and performance, simulation
results of the power system using ESST under various faults
are conducted. Pl controllers and FLCs are two distinct
controllers that are used to evaluate the ESST's performance. A
comparison investigation of the two distinct controllers'
performances in unbalanced scenarios. The outcome shows
that, depending on the situation, the ESST with FLC might
enhance the power system and perform better than the PI
controller.
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Table 2. System rating for battery storage

S. Specification Vvalue . Osmania University, Hyderabad, Telangana.
No. His research interests are Power Electronics
1 The battery module's capacity 0.175 MWh & Drives, renewable energy resources and
i HVDC.

2 E:\x:? modules are used to support active 0.35 MW Email: srinu.bhukya@gmail.com
3 The nominal voltage of the battery module 1.35 kv T Mura}ll Krlshna rece ived UG Qegree from
the Institution of Engineers (India), Kolkata
4 Output voltage of a DC-DC converter 1.75kV in 2001, M. Tech in Electrical Power
5 Duty ratio(D) 0.229 Systems, and PhD from JINTUA,
Anantapuramu, Andhra Pradesh in 2005 and
6 | Each battery's voltage 3.5V 2016, respectively. He is presently working
7 Number of interconnected series cells 386 at Chaitanya Bharathi Institute of
: Technology as an Associate Professor in the
8 Discharge current through each battery 100A \ Departme% of EEE. His research interests
9 | Number of parallel battery modules 3 include  Power  Electronics, FACTS,
10 | The DC-DC converter filter inductance 14.82mH a Wavelets, ~and  Renewable  Energy

Integration etc.
Email: tmuralis@gmail.com
Prof.G. Mallesham received the B. E

“# Table 3. Parameters of E-STATCOM

degree in electrical engineering from the

S. No. Specification Value University College of Engineering, O. U,
Hyderabad, M.Tech degree in control and

1 The capacity of the converter (S) 0.75 MVA instrumentation engineering from 11T Delhi,
- - and the Ph.D in Electrical Engineering

2 AC“V? Power(;apamty 0.35 MW Department, [T Delhi. He joined the
3 Duration of active power support 30 minutes Department of Electrical Engineering,
4 | DC link voltage 1.75kV University College of Engineering, O.U,
5 | Linevoltage 0.69 kv Hyderabad, as Assistant Professor in 2002
6 | capacitance of the DC-link 25 pf and is currently working as Professor. His
7 Inductance of the filter 1.0 mH research interests are system modeling,
8 Transformer voltage rating 0.69kV/11kV control and automation, soft computing,

distribution generation, renewable energy,
and smart microgrid.
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Table 4. Wind plant parameters

S. No| Specification Value in electrical engineering from JNTU
1 RMS Line-Line voltage at the bus for collections 11 KV Kakinada, India in 2009 and M.Tech degree
in Power electronics & Drives from National
2 Capacity of the SCIM 1.5 MW Institute of Technology, Kurukshetra, India
3 The SCIM's rated voltage 590 V in 2013 a_nd obtal_ned Eh.D. fro_m Depe_lrtment
— of Electrical Engineering, Indian Institute of
Capability of MSC and GSC 15 MW Technology, Kharagpur in 2020, India. At
present, he’s working as a Staff Engineer in
. . . the Storage Business Unit of Enphase Solar
Table 5. Injecting power into the grld Energy IgDVt (Ltd). India. Hig research
interests are  multilevel  converters,
S. No | Specification Value integration of battery storage systems,
_ E— _ control and renewable power generation.
1 Active power injection into the grid 0.625MW Email: anilbharadwajc@gmail.com
2 Reactive power support at CCP 0.35 MVAr
3 The load at the CCP 100kVA, 09 pf
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