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Abstract—A boost DC/AC converter is popular in AC line-
integrated energy storage systems (ESSs) based on low-voltage
DC sources such as battery, fuel cell, or supercapacitor. The direct
DC/AC power conversion in the boost inverter introduces a second-
order harmonic ripple current at the DC side of the boost converter,
which leads to internal heating of the energy storage devices and
degradation of their lifetime. In this paper, a novel current feed-
back method is proposed to mitigate the second-order harmonic
current component at the DC side. The proposed method is able
to significantly reduce the second-order harmonic component in
the DC-side current of the boost inverter without increasing other
harmonic components. Performance of the proposed method is
validated on a single-phase grid-connected DC/AC boost inverter-
based battery ESS experimental prototype.

Index Terms—Battery, boost inverter, fuel cell, second-order
harmonic ripple current, supercapacitor.

I. INTRODUCTION

GROWING popularity in distributed power generation
evokes the necessity of single-phase grid-connected en-

ergy storage systems (ESSs) in the distribution network [1]–[3].
Most of the well-established energy storage technologies such as
batteries, fuel cells, and supercapacitors are DC energy storage
technologies which require intermediate power converters for
single-phase grid integration. The grid interfacing power con-
verters have to step-up the input DC voltage while converting
DC power to AC power. Two main kinds of DC/AC power con-
verter structures can be identified: DC-link-based [4] and direct
AC line-integrated power converter structures [1]. The boost
inverter topology is a direct AC line-integrated power converter
structure, which enables the grid integration of low-voltage DC
energy storage technologies by providing the required boosting
and inversion functions in a single power conversion stage [5],
[6].

Due to the single-stage DC-to-AC power conversion, a
second-order harmonic current component appears at the DC
side of the boost inverter, and hence, the DC ESS has to with-
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stand the low-frequency ripple current. Adverse effects of such
a current ripple on the DC ESSs were reported in the technical
literature. The effects of low-frequency ripple current on the
fuel cell systems were extensively analyzed in [7] and [8] and
reported a significant increment in fuel cell losses, which leads
to fuel wastage and noticeable reduction in the fuel cell life-
time. Hysteresis relationship between the fuel cell voltage and
current and associated losses were analyzed in [8]. Moreover,
the authors in [9] reported a significant degradation of available
capacity of the fuel cell due to the ripple current. authors in
[10] showed that the presence of low-frequency ripple current
could increase the internal heating of a lead-acid battery, which
resulted in a considerable reduction in its lifetime. Moreover,
the charge/discharge microcycles associated with the ripple cur-
rent also contribute to the battery degradation. Likewise, in [11],
the authors reported a temperature rise in a lithium iron phos-
phate battery due to the low-frequency ripple current. Recently,
supercapacitor-based hybrid ESSs have become popular due to
their high power capability and extended cycle life [12]–[14].
However, it is shown in [15] that a continuous ripple current
could lead to overheating in a supercapacitor, which eventually
leads to a deterioration of its lifetime.

Prolonging lifetime of ESS components is a vital aspect of
an economical ESS, and hence, numerous ripple current reduc-
tion techniques have been proposed for the single-phase boost
inverter topology [16]–[20]. Two main types of ripple current
reduction methods can be identified in the technical literature,
namely passive [16], [17] and active [18]–[20] ripple current
reduction methods. In active methods, ripple current reduction
is achieved by introducing a control or modulation scheme,
while in passive methods, a separate energy storage element is
attached to the converter to supply the required ripple current
component. In [16] and [17], the authors introduced a separate
battery for the second-order harmonic ripple compensation in a
boost inverter-based fuel cell ESS. Despite the reduction of fuel
wastage and increase in fuel cell lifetime, battery has to suffer
the ripple current component, which eventually reduces the life-
time of the battery. Moreover, additional hardware requirement
lowers the attractiveness of such a system. Active ripple current
reduction methods are attractive over the passive methods, due
to its ripple reduction ability without incurring additional hard-
ware. A waveform control method has been proposed in [18] for
a boost inverter-based ESS. The method calculated the required
output capacitor reference voltage signal such that the ripple
current component in the DC side was theoretically eliminated.
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Fig. 1. Single-phase grid-connected battery ESS.

The waveform control technique has been extended to handle
active power step changes in [19] and reported the effectiveness
of the technique for all output power conditions in [20]. The
main disadvantage of the waveform control method is its com-
plexity and possible inaccuracies in output capacitor reference
voltage calculation. Moreover, the waveform control method
introduces an additional fourth-order harmonic ripple current
component at the DC side while reducing the second-order har-
monic component. A rule-based controller that generates the
required output capacitor reference voltages for the waveform
control ripple current reduction method was proposed in [21].
The rule-based controller eliminated possible inaccuracies oc-
curring in the traditional waveform control method due to the
capacitor tolerances and was able to achieve better performance.
However, the rule-based control method in [21] could not elim-
inate the additional fourth-order harmonic ripple component
introduced by the output capacitor voltage modification.

Numerous active ripple current reduction methods were pro-
posed for various power converter topologies. A ripple current
reduction method for a two-stage DC/AC converter was pro-
posed in [22] using a back current gain model. An input current
ripple reduction method using a double-loop controller was pre-
sented in [23]. A component minimized active power decoupling
method was proposed in [24] for an AC/DC power converter as
an extension of the active filter-based power decoupling meth-
ods proposed in [25] and [26]. These methods were designed for
specific power converter topologies, and since the boost inverter
has a unique differential operation, the active ripple reduction
methods proposed in [22]–[27] cannot be directly applied to the
boost inverter topology.

In this paper, a current feedback method is proposed for the
second-order harmonic ripple reduction in a boost inverter-based
single-phase grid-connected ESS. Effectiveness of the proposed
method is theoretically analyzed. In the proposed method, the
output capacitor voltage reference signals are modified using
the DC-side current feedback signal as opposed to the complex
calculations required in the waveform control method. Hence,
performance of the proposed method is not affected by the

Fig. 2. Average model of the left-hand side boost converter leg.

capacitance tolerances of the output capacitors. Moreover, the
proposed method is able to reduce the second-order harmonic
ripple current at the DC side of the boost inverter without in-
creasing other frequency harmonic components. The method
is experimentally verified using a single-phase grid-connected
battery ESS prototype.

The remainder of this paper is organized as follows. Oper-
ation of the grid-connected boost inverter and the theoretical
background of the proposed ripple current reduction method
are discussed in Sections II and III, respectively. The boost
inverter control system is described in Section IV, and experi-
mental results for the proposed ripple current reduction method
are discussed in Section V. Finally, the conclusions of the paper
are summarized in Section VI.

II. OPERATION OF GRID-CONNECTED BOOST INVERTER

A. Overview

The configuration of the boost inverter-based single-phase
grid-connected battery ESS is shown in Fig. 1. The converter
comprises two boost converter legs: left-hand side boost con-
verter leg (subscript 1) and right-hand side boost converter leg
(subscript 2). The boost converter dynamic behavior is described
by its average model (see Fig. 2), and the model equations for
the left-hand side boost converter leg can be written as

vin − vL1 = (1 − d1)vo1 (1)

iC 1 + io1 = (1 − d1)iL1 (2)
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where vo1 and iC 1 are the voltage and current of the capacitor
C1 , and vL1 and iL1 are the voltage and current of the inductor
L1 . d1 denotes the duty cycle time average value of the switch
SW1 , while vin is the input voltage to the boost inverter. The out-
put current from the left-hand side boost converter leg denotes
as io1 .

The inductor and capacitor differential equations are

vL1 = RL1iL1 + L1diL1/dt (3)

iC 1 = C1dvo1/dt. (4)

The differential output voltage of the boost inverter is given
by

vo = Vosin(ωt + δ) (5)

where Vo , ω, and δ are the amplitude, frequency, and phase angle
of the inverter output voltage, respectively. Voltages across the
output capacitors C1 and C2 are required to follow independent
voltage references vo1,ref and vo2,ref in order to achieve the
required differential output voltage vo

vo1,ref = Vd +
Vo

2
sin(ωt + δ) (6)

vo2,ref = Vd − Vo

2
sin(ωt + δ). (7)

The DC shift of the output capacitor voltage Vd has to be
selected such that the minimum values of vo1 and vo2 are always
greater than the input voltage.

An interfacing inductor Lg is used to integrate the inverter to
a single-phase grid as shown in Fig. 1, where the grid voltage
vg is given by

vg = Vg sin(ωt). (8)

For small δ values, the active power (P) and the reactive power
(Q) exchanged with the grid can be approximated as [28]

P ≈ VgVo

2ωLg
δ (9)

Q ≈ Vg (Vo − Vg )
2ωLg

. (10)

Thus, the active and reactive power flow between the inverter
and the grid can be achieved by controlling the inverter output
voltage amplitude Vo and phase angle δ with respect to the grid
voltage [28], [29].

B. Second-Order Harmonic Input Ripple Current Component
in the Boost Inverter

The inverter output current io is given by

io = Iosin(ωt + α) (11)

where α is the phase angle of the inverter output current with
respect to the grid voltage.

Using (4)–(6) and (11)

i1 = Iosin(ωt + α) + Cω
Vo

2
cos(ωt + δ) (12)

where C = C1 = C2 .

Similarly

i2 = −Io sin(ωt + α) − Cω
Vo

2
cos(ωt + δ). (13)

The total input current to the boost inverter is given by

iin = i1
vo1

vin
+ i2

vo2

vin
(14)

which can be rewritten using (12) and (13) as

iin =
1

vin

[
VoIo

2
cos (α − δ) +

Vo

2

√[
I2
o +

C2ω2V 2
o

4
+ VoIoCωsin(α − δ)

]
.cos(2ωt − θ)

]

(15)

where

cos θ =
−Iocos(α + δ) + C ωVo sin(2δ)

2√[
I2
o + C 2 ω 2 V 2

o

4 + VoIoCωsin(α − δ)
] .

From (15), the boost inverter total input current contains a DC
component which corresponds to the inverter output power and
the second-order harmonic current component which depends
on the inverter output current amplitude Io and phase angle α.

III. CURRENT FEEDBACK-BASED SECOND-ORDER HARMONIC

INPUT CURRENT RIPPLE REDUCTION METHOD

In this paper, an input current feedback method is proposed
to reduce the second-order harmonic input ripple current com-
ponent. In (15), the boost inverter input current can be rewritten
as

iin = iin,DC + iin,AC (16)

where iin,DC and iin,AC are the DC and AC components of the
total input current, respectively.

The output capacitor voltage references vo1,ref , vo2,ref given
by (6) and (7) can be modified as (17) and (18), without affecting
the inverter differential output voltage

vo1,ref = Vd +
Vo

2
sin(ωt + δ) − Kiin,AC (17)

vo2,ref = Vd − Vo

2
sin(ωt + δ) − Kiin,AC (18)

where K is the feedback gain value (see Fig. 6). Then

i1 = Iosin(ωt + α) + Cω
Vo

2
cos(ωt + δ) − CK

diin,AC

dt
(19)

and

i2 = −Iosin(ωt + α) − Cω
Vo

2
cos(ωt + δ) − CK

diin,AC

dt
.

(20)
Using (14), (17), (18), (19) and (20), a differential equation

for the input current AC component iin,AC can be obtained as

diin,AC

dt
=

vin

(2VdCK − 2CK2iin,AC)
(iin,AC0 − iin,AC)

(21)
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TABLE I
ESS EXPERIMENTAL PROTOTYPE PARAMETERS

Fig. 3. Numerical solution of the variation of the input current with K. (a)
Second- and fourth-order harmonic current ripple amplitude. (b) Change in the
second-order harmonic ripple amplitude for a unit change in K.

where

iin,AC0 =
Vo

2vin

√[
I2
o +

C2ω2V 2
o

4
+ VoIoCωsin(α − δ)

]

· cos(2ωt − θ) (22)

corresponds to the AC component of the input current iin given
in (15) for the unmodified output capacitor reference voltages
(6) and (7).

Before finding an analytical solution, first, a numerical solu-
tion of the differential equation (21) is found using MATLAB
for a sample case of inverter supplying 15 W active power and
10 VAr reactive power to the grid and considering experimental
prototype parameters summarized in Table I. Fig. 3(a) illustrates
the second-order harmonic component amplitude (m2ω ) and the
fourth-order harmonic component amplitude (m4ω ) of the ob-
tained numerical solution for various values of the feedback

Fig. 4. Comparison of the numerical and approximated analytical solution.
(a) Second-order harmonic current ripple amplitude. (b) Error between the
numerical and analytical solution.

Fig. 5. Relationship between the Vo1 ,m ax and Vd,m in versus the output ca-
pacitor values C for the current feedback ripple reduction method.

gain K. From Fig. 3(a), it is evident that the higher the value
of the feedback gain K, the more significant is the reduction in
the second-order as well as the fourth-order harmonic compo-
nents of the input current. A change in m2ω for a unit change
in K, (Δm2ω ), is shown in Fig. 3(b). As K becomes larger, the
change in m2ω becomes smaller. Using this result, the required
minimum value for K can be found such that

|Δm2ω | ≤ Δm2ω,max (23)

where Δm2ω,max is a predetermined value of the maximum
allowed change in m2ω for a unit change in K for all possi-
ble output power conditions. Then, for the selected maximum
change in the second-order harmonic ripple amplitude for a unit
change in K, Δm2ω,max , the bounds on K are given by

0 < K ≤ [K| (Δm2ω,max ≥ |Δm2ω |)] . (24)

Now, to obtain an analytical solution of the second-order
harmonic input current amplitude m2ω , it is assumed that the
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Fig. 6. Overall block diagram of the control system.

steady-state input current AC component with the modified out-
put capacitor voltage references is

iin,AC = m2ω cos(2ωt + θω2) + m4ω cos(4ωt + θω4). (25)

The AC component input current differential equation (21)
can be rewritten as

2VdCK
diin,AC

dt
− 2CK2iin,AC

diin,AC

dt
+ viniin,AC

= viniin,AC0 . (26)

After substituting (25) into (26) and simplifying, (26) is
obtained

− 4VdCKωm2ω sin(2ωt + θ2ω ) + 2CK2ωm2ω m4ω

sin(2ωt + θ4ω − θ2ω ) + vinm2ω cos(2ωt + θ2ω ) = viniin,AC0 .
(27)

Considering that the product m2ω m4ω ≈ 0, since m2ω and
m4ω are very small when K is high, the magnitude of the second-
order harmonic component in (27) can be found as

m2ω =
vin |iin,AC0 |√

(−4VdCKω)2 + v2
in

. (28)

Fig. 4(a) compares the obtained analytical solution (28) with
the numerical solution found using MATLAB when the inverter
delivers 15 W, 10 VAr to the grid. The error between the numer-
ical and the analytical solution (m2ω,numerical − m2ω,analytical)
is shown in Fig. 4(b) and proves the validity of (28) for higher
values of K.

For further evaluation of the proposed method, a ripple re-
duction factor R is defined as the ratio of m2ω before and after
application of the current feedback method. The ripple reduction
factor R can be derived from (28) as

R =

√
(4VdCKω)2 + v2

in

vin
. (29)

Fig. 7. Illustration of the effect of (a) the output capacitor tolerance and (b)
the input voltage variation on the ripple reduction method performance when
P = 15 W and Q = 10 VAr.

To ensure proper operation of the boost inverter, the DC shift
of the output capacitor voltage Vd has to meet the condition

Vd ≥ vin +
Vo

2
+ max(Kiin,AC). (30)

According to the numerical solution shown in Fig. 3(a), the
second-order harmonic ripple component is the dominant com-
ponent in the input current compared to the fourth-order har-
monic component. Hence, (30) can be rewritten as

Vd ≥ vin +
Vo

2
+ max(Km2ω ). (31)
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Fig. 8. Illustration of the required feedback gains K to satisfy (23) for each
output power condition.

Fig. 9. Error between the numerical solution and the analytical solution for
all output power conditions and K = 100.

Then, using (28) and assuming large K, (31) can be approxi-
mated as

Vd ≥ vin +
Vo

2
+

vinmax (|iin,AC0 |)
4VdCω

(32)

where

max (|iin,AC0 |) =

Vo

2vin

√[
I2
o,max +

C2ω2V 2
o

4
+ VoIo,maxCω

]
.

(33)

Then, the minimum required DC voltage shift Vd for the
output capacitor reference voltages can be calculated from

Vd ≥ Vd,min (34)

where

Vd,m in =

2Cω (Vo + 2vin ) +
√

[2Cω (Vo + 2vin )]2 + 16Cωvin max
(∣∣iin ,AC0

∣∣)
8Cω

.

(35)

Then, the maximum output capacitor voltage Vo1,max when
Vd = Vd,min is

Vo1,max = Vd,min +
Vo

2
+

vinmax (|iin,AC0 |)
4Vd,minCω

. (36)

Fig. 10. Dynamic response of the current feedback ripple reduction method
for a 15 W, 10 VAr step change. (a) Input current ripple component without
(K = 0) and with the proposed ripple reduction method (K = 100), and (b)
input current ripple component when K = 100.

TABLE II
COMPARISON OF t0 .9 (TIME REQUIRED TO REACH 90% OF THE STEADY-STATE

VALUE OF THE RIPPLE CURRENT) FOR DIFFERENT OUTPUT POWER

STEP CHANGES

P [W] Q [VAr] t0 . 9 [S]

20 0 0.1063
−20 0 0.1072
0 15 0.0050
0 −15 0.0080
15 10 0.1100
15 −10 0.0878
−15 10 0.1137
−15 −10 0.0894

The relationship between the Vd,min and Vo1,max versus the
output capacitor value C for the experimental prototype param-
eters given in Table I is illustrated in Fig. 5. The required output
capacitor value Creq,i can be found as explained in [21]. First,
the maximum allowable output capacitor voltage is obtained
using the input voltage vin and the maximum gain of the con-
verter legs Gmax , as Vo1,max = vinGmax . Then, the required
output capacitor value Creq,i and the minimum DC voltage shift
corresponding to Vo1,max can be found from Fig. 5. A detailed
comparison of the output capacitor requirement for the boost
inverter operation without and with an output capacitor voltage
modified ripple reduction method can be found in [21].

IV. DESIGN OF THE BOOST INVERTER CONTROL SYSTEM WITH

THE CURRENT FEEDBACK METHOD

The overall block diagram of the grid-connected boost in-
verter with the proposed ripple current reduction method is
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Fig. 11. Outer voltage control loop and inner current control loop for the left-hand side boost converter leg.

shown in Fig. 6. A set of bandpass filters are employed to obtain
the AC component of the input current with minimum phase
distortion and to block any DC component of the input current
in the feedback path.

The maximum gain of the boost converter leg is taken as 6,
and hence, the Vo1,max equals 76.8 V. Then, the required output
capacitor value for the operation of the boost inverter with the
current feedback method is obtained from Fig. 5 as 54.6 μF. The
nearest commercially available value of 60 μF was selected for
the experimental setup. To observe the effect of the output ca-
pacitor tolerance on the ripple reduction performance, (21) was
solved for a ±10% variation in the selected capacitance value
(60 μF) and the results are illustrated in Fig. 7(a). Similarly,
the ripple reduction method performance was evaluated for the
battery voltage variation from 12 to 13.2 V and the results are
shown in Fig. 7(b). It is evident that the effect of both the out-
put capacitor tolerance and the input voltage variation on the
performance of the proposed method is negligible.

The minimum required feedback gains K to satisfy (23) for
Δm2ω,max = 0.001 A are calculated for each output power con-
dition. The calculated feedback gains are illustrated in Fig. 8.
Then, the value of K = 100 is selected to satisfy (23) for all out-
put power conditions. To verify the validity of the approximated
analytical solution for the selected K, the error between the nu-
merical solution and the analytical solution for all output power
conditions and K = 100 is illustrated in Fig. 9. It is evident that
the error is negligible.

Dynamic behavior of the proposed current feedback ripple
reduction method in response to a power step change can be
analyzed using (9)–(11), (21), and (22). Fig. 10 shows the dy-
namic behavior in response to a power step P = 15 W, Q =
10 VAr. Fig. 10(a) compares the ripple in the input current with-
out (K = 0) and with the proposed ripple reduction method
(K = 100). In Fig. 10(b), the steady-state peak value of the rip-
ple amplitude after the power step change is defined as iin,AC ,ss .
Then, the time required to reach 90% of the steady-state value
iin,AC ,ss is taken as t0.9 . A comparison of the t0.9 values for all
output power conditions is summarized in Table II and demon-
strates that the proposed method is effective in eliminating the
ripple current even during the transients.

The boost inverter controller design is explained next. Two
double-loop controllers with an inner current and an outer volt-
age control loop are employed for accurate tracking of the output
capacitor voltages vo1,ref and vo2,ref . Fig. 11 shows the block di-

Fig. 12. ESS experimental prototype.

agram of the double-loop controller for the left-hand side boost
converter leg. A proportional-resonant (PR) controller is em-
ployed to enable the accurate voltage reference following. Two
resonant components of the PR controller are implemented at
50 and 100 Hz. Inner current control loop is designed based on
a proportional-integral (PI) controller. The outer voltage control
loops are designed to achieve 400 Hz bandwidth and the inner
current control loops are designed with 4 kHz bandwidth. Both
control loops are designed to obtain at least 50° phase margin
[5], [29].

Interleaved operation of the boost inverter proposed in [30]
is used to reduce the switching frequency ripple component in
the DC-side current.

The grid integration of the inverter is carried out using an
interfacing inductor as shown in Fig. 1. The active and reactive
power flow between the boost inverter and the grid is achieved
by controlling the inverter output voltage amplitude and phase
angle with respect to the grid voltage. Two PI controllers are
designed using (9) and (10) to control the active and reactive
power exchange as shown in [30]. The active and reactive power
PI controller parameters are summarized in Table I. For the grid
power measurement and the grid synchronization, a second-
order generalized integrator-based phase-locked loop is used
[31].

V. EXPERIMENTAL RESULTS

The proposed current ripple reduction method for a grid-
connected boost inverter was verified using the experimental
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Fig. 13. Experimental results illustrating operation of the battery storage system when delivering 15 W active power and 10 VAr reactive power. (a) Output
capacitor voltage waveforms and inverter output voltage without the proposed controller. (b) Output capacitor voltage waveforms and inverter output voltage with
the proposed controller. (c) Inverter output voltage, grid voltage, and inverter output current without the proposed controller. (d) Inverter output voltage, grid
voltage, and inverter output current with the proposed controller. (e) Inductor currents and total input current of the boost inverter without the proposed controller.
(f) Inductor currents and total input current of the boost inverter with the proposed controller. (g) Frequency characteristics of the input current without the proposed
controller. (h) Frequency characteristics of the input current with the proposed controller.

setup shown in Fig. 12. Parameters of the boost inverter and
controllers are summarized in Table I. A 12.8 V, 6.4 Ah,
LiFePO4 battery was used as the input power source to the boost
inverter. The boost inverter controllers were implemented on a
DSpace DS1006 platform using MATLAB/Simulink. Grid inte-
gration of the ESS was achieved through a step-up transformer.

Fig. 13 illustrates operation of the single-phase grid-
connected boost inverter with and without the proposed second-
order harmonic ripple reduction method when delivering 15 W
active and 10 VAr reactive power to the grid. The output ca-
pacitor voltage waveforms and the inverter output voltage are
shown in Fig. 13(a) and (b) without and with the proposed
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Fig. 14. Experimental results illustrating transient operation of the proposed
control system in response to 15 W and 10 VAr power step change. (a) In-
verter output active power. (b) Inverter output reactive power. (c) Second-order
harmonic ripple amplitude with and without the proposed method.

method, respectively. The inverter output voltage remains un-
changed despite the modification of the output capacitor volt-
ages. The operation of the active and reactive power controller
is illustrated in Fig. 13(c) and (d). Fig. 13(e) and (f) depicts
the inductor current waveforms of the boost converter legs and
the total input current to the boost inverter without and with
the proposed ripple current reduction method, respectively. The
inductor current waveforms modified due to the changes in the
output capacitor voltage waveforms and a significant reduction
of the input current ripple component can be observed.

The frequency spectrum characteristics of the boost inverter
DC-side current with and without the proposed ripple current re-
duction method are compared in Fig. 13(g) and (h). The second-
order harmonic ripple amplitude is reduced from 1.482 to
0.0588 A, achieving approximately 25 times second-order har-
monic ripple current reduction. In addition, the proposed method
reduced the first-order harmonic current component amplitude
from 0.085 to 0.036 A and the fourth-order harmonic current
component amplitude from 0.037 to 0.004 A. The frequency
spectrum characteristics illustrate the ability of the proposed
system to mitigate the second-order harmonic ripple compo-
nent of the boost inverter input current without increasing other
harmonic current components.

Fig. 15. Comparison of the ripple current reduction using the waveform con-
trol method [17], the rule-based control method [20], and the proposed current
feedback method (K = 100).

Fig. 16. Experimental results illustrating change in the second-order harmonic
ripple current amplitude |Δm2ω | for a unit change in K for all output power
conditions.

Dynamic performance of the proposed ripple current reduc-
tion method is shown in Fig. 14. At t = 2 s, 15 W active power
and 10 VAr reactive power reference step change was applied.
Without the proposed method, the second-order harmonic rip-
ple amplitude reaches 1.482 A due to output power step change.
However, with the proposed system, the maximum second-order
harmonic ripple amplitude during the transient time is 0.172A
and reduces to 0.0588A in the steady state. This validates the
ability of the proposed method to reduce the second-order har-
monic current component even during the active and reactive
power transients.

The boost inverter input current ripple reduction achieved
using the proposed current feedback method is compared with
the waveform control method [18] and the rule-based control
method [21] for all the output power conditions in Fig. 15. In
order to have a fair comparison, the same experimental setup
and control parameters as in [21] were used. It can be observed
that the proposed current feedback method is able to reduce the
second-order harmonic ripple current more than 20 times for all
output power conditions.

The change in the second-order harmonic ripple current am-
plitude |Δm2ω | for a unit change in K is illustrated for each
output power condition in Fig. 16. The result validates that
the selection of the feedback gain K = 100 results in the
change in the second-order harmonic ripple current amplitude
|Δm2ω | < 0.001 for all output power conditions.
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VI. CONCLUSION

Due to the direct DC/AC power conversion in the conven-
tional boost inverter, a second-order harmonic ripple current ap-
pears in the DC side of the converter, and hence, the DC power
source connected to the inverter has to handle the ripple current
components. Such ripple current can significantly increase the
internal heating and losses in the DC power source leading to a
reduction in ESS lifetime. In this paper, a novel DC-side current
feedback method that reduces the second-order harmonic ripple
current without increasing other frequency harmonic compo-
nents was proposed. Unlike the waveform control methods, the
proposed method does not depend on calculations, and hence,
its performance is not affected by the capacitance tolerances
of the output capacitors. Performance of the proposed method
has been experimentally verified using a grid-connected battery
ESS prototype and the results have validated its effectiveness
in reducing the second-order harmonic ripple current at the DC
side of the boost inverter without increasing other frequency har-
monic components in both steady-state and transient operation.
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