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Abstract. Integration the distributed energy resources into the microgrid is developed in a rapid pace. Conventionally, the voltage-source inverters in
microgrid with sinusoidal current regulation are used in grid-connected mode. In this paper, a two-degree-of-freedom nonsinusoidal current control
strategy is proposed for both the distributed power generation and power quality enhancement. The equivalent Thevenin-Norton circuit is presented
to clarify the concept that the proposed strategy with virtual admittance leads to the power quality improvement. It is demonstrated that without any
harmonic current sensor or additional compensating device, the harmonics of the voltages at the point of common coupling and currents in microgrid
can be mitigated significantly. Time-domain performance evaluation results confirm the concept.

Streszczenie. Zazwyczaj przeksztattnikowe zrédfa napiecia w mikrosieciach sg podfagczane ze sterowaniem pradu sinusoidalnego. W artykule
zaproponowano strategie kontroli prgdu niesinusoidalnego z wykorzystaniem wirtualnej admitancji w celu poprawy jakosci energii. (Strategia
kontroli pradu w przeksztaftnikach dotaczonych do mikrosieci bazujgca na wirtualnej admitancji)
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Introduction

The environmental concerns and electric utility
deregulation promote the development of distributed
generation (DG) in a rapid pace [1-5]. The high penetration
of DG brings about a concept of the microgrid [4]. It is
defined as a cluster of DG units (such as wind turbines and
photovoltaics), storage devices and loads, which can
operate in the grid-connected mode, autonomous mode,
and ride-through between the two modes. Typically, the
current-regulated voltage-source inverter used to provide
the interface between the DG and the grid [6-7]. In most
cases, the sinusoidal current regulation (SCR) with low
distortion has been considered a defaulted control way for
grid-connected inverters [8]. In fact, SCR stems from a
common principle that grid-connected inverters should not
inject harmonics into the gird, because these harmonics will
cause the negative effects on the sensitive loads. On the
other hand, there are so many nonlinear loads in the
microgrid or utility networks that the harmonic pollution is
still serious, even if the grid-connected inverters do not
inject harmonics.

Conventionally, Harmonic mitigation can be achieved by
active filter techniques. In general, these techniques employ
the current harmonic extraction and control strategy on
condition that harmonic sources are available at a certain
location. In practice, however, it is not an effective solution
because locating all harmonic sources is not an easy task in
a real distributed system, and it's impractical to install active
filters for every harmonic source.

IEEE Standard 1547 defines the ancillary services in
distributed power generation systems. It is very interesting
to integrate the power quality improvement function into the
power generation units in microgrid. The objective of this
paper is to develop a nonsinusoidal current regulation
(NCR) of grid-connected inverters in microgrid, which not
only inject the sinusoidal current for the power generation,
but also absorb the harmonics from the microgrid for the
power quality improvement with no need of positioning
harmonic sources and installing additional compensating
devices.

Strategy Description

Fig.1 illustrates the schematic diagram of the microgrid. It
comprises of the primary energy sources (PV, wind, et al.)
with optional energy storages, dc/dc or ac/dc converters
and dc/ac inverters. The inverters can provide an interface
for the flexible functions such as energy conversion and

power quality improvement. The inverter output may either
feed the local loads independently in autonomous mode or
in conjunction with the electric utility by static switch (STS)
in grid connected mode. This paper will focus on the latter
mode.
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Fig.1. Schematic diagram of the microgrid

For simplicity, only the inverter is considered, and the
rest of microgrid is modeled as another unit. As shown in
Fig.2, the simplified model consists of the inverter, filter
capacitor, local load and transmission line. Its equivalent
Thevenin-Norton circuit is shown in Fig.2b, where I,
represents the fundamental sinusoidal current regulation,
while I, stands for the harmonic current regulation by the
virtual admittance.

From Fig.2, the voltage at the point of common coupling
(PCC) can be derived as follows:

1 Z
(1) Uy = U+ o
P 1+ ZY+Z.Cs 1+ZY+ZCs
From (1), the harmonic components of the voltage at
PCC can be obtained as:

1
@) Upeen = 1+Z,Y+Z,Cs Ua
Equation (2) indicates that the sinusoidal current
regulation (SCR) with zero admittance (Y =0) will lead to
the harmonic-damping ratio of 1/(1+Z.Cs) , while
nonsinusoidal current regulation (NCR) with the virtual
admittance Y will cause the increased harmonic-damping

ratio of 1/(1+YZ +Z Cs) . In other words, the larger
admittance Y will leads to higher harmonic-damping ratio.
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Fig.2 System model: (a) simplified model; (b) Thevenin-Norton
equivalent circuit

In order to get the information of the nonsinusoidal
current regulation, the linear control model of the grid-
connected inverter is provided in Fig.3, where A(s) is the
admittance regulator, C(s) is the current regulator, K is the
PWM inverter gain, L and R is the interface inductor and its
equivalent series resistor.

Fig.3 Linear control model of grid-connected inverter

Nonsinusoidal current regulation of the grid-connected
inverter can be derived from Fig.3 as follows:
KC(s) 1+ KC(s) A(s)

3 _ _
R O ko O s R k() U ®
_ KC(s)
where [,(s) Tor R2 KO KCG) I.(s)
1+ KC(s) A(s)
I,(s) = - 2AS)
=T R ke

Equation (3) indicates that the sinusoidal current
regulation /1(s) and harmonic current regulation /x(s) with
the virtual admittance can be adjusted independently via the
regulator C(s) and A(s), which implies that two-degree-of-
freedom control is achieved.

The virtual admittance can be derived from (3) as:

@) Y(s)= 1+ KC(s)A(s)
Ls+ R+ KC(s)

In this paper, an admittance regulator is proposed as
follows:

2 2
(5) A(S):M
s*+as+o,

Fig. 4 shows the virtual admittance in case of different
values of “a”. It can be observed that the larger “a” leads to
higher virtual admittance, and thus higher harmonic-
damping ratio.

In order to further clarify the effectiveness of the
proposed method, the harmonic damping factor is defined

ask, =1/(1+Z,Y +Z ,Cs) from (2). The frequency domain
analysis of the factor k, is illustrated in Fig.5, from which it is
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Performance Evaluation

The performance evaluation of the proposed scheme has
been carried out based on time-domain simulation in
MATLAB/Simulink environment. The system parameters
are given in appendix.

Case l. Single-phase applications

Fig.6 shows the simulation schematic diagram and the
test results. Table | offers a quantitative analysis of the total
harmonic distortion for the results.

Fig.6 and Table | indicate that higher harmonic-damping
ratios of both PCC voltage harmonics and microgrid current
harmonics are achieved with the larger “a”. That is to say,
higher virtual admittance leads to the lower harmonic
distortion of PCC voltages and microgrid currents.

Case Il. Three-phase applications

Fig.7 illustrates the simulation schematic diagram and
the test results. Table Il offers a quantitative analysis of the
total harmonic distortion for the test results.

As shown in Fig.7 and Table IlI, the proposed
nonsinusoidal current regulation with virtual admittance can
achieve the desired harmonic damping in the three-phase
microgrid as well.
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Table |. Harmonic analysis for voltages and currents
THD

lo Upce ls
a=00 163% 8.21%  16.88%
0~85ms ) ) )
a=0.1
B 165ms 9.28% 5.64% 15.07%
a=10 23.50% 1.55% 3.87%

165ms~250ms

iabc/ A
2238
;r::}ij
T
‘._‘_Evif}

=
===
Pl ey
;
;
===

T w
o | h}( ‘ H zy\ \‘
= WY m J m )

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 12a/2011

isabc / A
o

AW f 'ﬁ Mf'
MNM M\ WM\AW

U

o

0 0.05 0. 0.15 0.2
t/s

(b)

Fig.7 Time-domain simulation: (a) simulation schematic diagram; (b)
test results
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Table Il. Harmonic analysis for voltages and currents

THD labe Upcc Isabc

2=0.0 2.77% 12.91% 33.16%

0~85rﬁs 2.79% 12.83% 33.12%

2.79% 12.88% 33.13%

a=0.1 11.72% 6.87% 22.52%

85~165ms 11.79% 6.85% 22.46%

11.76% 6.86% 22.48%

a=10 18.05% 1.76% 3.97%

165ms~2.50ms 18.15% 1.71% 3.90%

18.08% 1.73% 3.93%

Conclusion

This paper has attempted to make two major

contributions: 1) Development of a nonsinusoidal current
regulation for grid-connected inverters in microgrid based
on virtual admittance concept. 2) Offering two degrees of
freedom control structure for the nonsinusoidal current
regulation. From the paper's theoretical analysis and
evaluation results, several important conclusions can be
reached.

*The proposed nonsinusoidal current regulation can
achieve the superior harmonic damping of both PCC
voltages and microgrid currents over the conventional
sinusoidal current regulation with no impact on the
fundamental power generation due to two degrees of
freedom control structure.

*Higher virtual admittance leads to lower harmonic
distortion and higher harmonic-damping ratio. In practice,
however, the virtual admittance should be limited by the
inverter current ratings.

*The unique feature of the proposed method is that, it
only depends on the local voltage measurement, and does
not require any harmonic source/load current sensor or any
other external compensating device such as active filters. It
is very promising for the real distributed system, especially
the microgrid applications, where positioning every
harmonic source is impractical.

*The proposed method can be applied to both single-
phase and three-phase microgrids.
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