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In this paper, two control strategies are proposed for distributed generation inverter (DGI) to control 1)
active power exchange with the grid, 2) load voltage and 3) grid current. The main goal in these strategies
is supplying local load with a standard sinusoidal voltage in the presence of grid voltage distortions and
load current nonlinearity. In conventional DGIs, the load is directly and without intermediate impedance
connected to the grid; thus, the possibility of load feeding with appropriate voltage quality is hindered
in the grid connected mode. In order to overcome this deficiency, DGI with an LC-L filter topology and
two control strategies are presented in this paper to supply the local load with standard voltage and to
exchang power with the grid, simultaneously. In the first control strategy, the local load is supplied with
pure sinusoidal voltage and grid current quality is not important. In the second control strategy, load
voltage waveform and grid current waveform are controlled by adding appropriate harmonics to load
voltage. For the implementation of the mentioned control strategies, a cascade power-voltage-current con-
trol structure has been proposed. A new controller has been introduced in the stationary reference frame
for the voltage loop which gives the opportunity for compensation and tracking of harmonics without the
need for complex and vast calculations. Test results under nonlinear load and non-ideal grid conditions
validate that the proposed method can supply the local load with a standard voltage, inject power to the
grid, and also control the grid current. © 2019 Journal of Energy Management and Technology
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NOMENCLATURE

C f capacitor of LC filter

Gi(s) current controller

Gv(s) voltage controller

gi inverter gain

H f harmonic factor

i inverter current

ig current of the grid

GT Gas turbine

iload load current

igh hth harmonic of the grid current

kil integral gain

kpl proportional gain

L interface inductor

L f inductor of LC filter

P∗ active power reference

R equivalent resistance of output load

r equivalent resistance of interface inductor

THD total Harmonic Distortion

V voltage of the load
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Table 1. IEEE1547 and IEC1727 requirements for harmonics of
load voltage and grid current.

Individual Harmonic order Percent (%)

h < 11 4.0

11h < 17 2.0

17h < 23 1.5

23h < 35 0.6

35h 0.3

THD 5.0

V∗ voltage reference

Vg voltage of the grid

Vi output voltage of inverter bridge

Vh hth harmonic of the load voltage

Vgh hth harmonic of the grid voltage

ω grid frequency

δ phase angle of voltage reference

1. INTRODUCTION

According to European H2030 roadmap, 37% of electrical en-
ergy has to be provided through the installation of distributed
generators (DG) due to their economic and technical merits [1].
DGs include variable frequency AC sources (wind turbine and
microturbine) and DC energy sources (PV and Fuelcells) [2, 3]
Generally, DGs are connected to the grid or the load consumer
through DC/AC voltage source inverter (VSI) [4]. A distributed
generation inverter (DGI) is used to transform the power of DGs
to the Point of Common Coupling (PCC). DGI suppling local
load has two operation modes: grid connected and standalone
based on the grid status [5]. If the voltage and frequency of the
grid are abnormal and nonstandard, the DGI is disconnected
from the grid and the local load is fed in standalone mode with
standard voltage. When the grid returns to the normal state, DGI
once again connects to the grid. Up to now, various standards
have been introduced to identify the criteria of load voltage qual-
ity and grid current quality according to the grid conditions [6].
Harmonic spectrum is the main criteria of grid current [7]. The
requirements of IEEE 1547 standard for the maximum allowed
harmonics in the load voltage and grid current are given in Table
1.

Fig. 1 shows two common hardware structures of DGI which
have been presented in the studies for the connection of grid,
load and VSI together. In Fig. 1 (a,b), there is a LC filter and a
LCL filter between the VSI and the PCC, respectively. In grid
connected mode, Fig. 1(b) has a better current profile in com-
parison to the structure in Fig. 1(a) , because LCL filters can
eliminate the switching harmonics more efficiently. On the other
hand, in the standalone mode more current is derived from
the inverter to feed nonlinear loads compared to the LC filter.
From control scheme point of view, DGI operates as a controlled
current source while it is connected to the grid. The voltage
quality of PCC directly affects the performance of the system

(a) DGI with LC filter

(b) DGI with LCL filter

Fig. 1. Single line diagram of common structures of DGI. (a)
DGI with LC filter, (b) DGI with LCL filter

response. The main aim of conventional control methods is to
absorb sinusoidal current from VSI [7–10], so if the local load is
nonlinear, thus the grid current is non- sinusoidal (equal to the
difference between inverter current and load). DGI has to work
as a voltage source with constant amplitude, fixed frequency
and low THD in standalone mode [10]. Toggling between two
working modes leads to applying a nonstandard voltage to the
load and receiving an inrush current from the grid [12].

An H∞ based current-voltage controller is presented in [13] to
compensate load current harmonics, so the grid current is always
sinusoidal. In [14] a parallel control system containing a load
voltage loop and the current grid is proposed in which it is pos-
sible to obtain a seamless transformation between two working
modes by changing the reference. In [12] and [15] the possibility
of a seamless transform between working modes has been es-
tablished by designing an appropriate phase locked loop (PLL).
Droop control is proposed in [16–18] to control DGI, which has
inherent seamless transform capability but its performance de-
cline with grid impedance variations. Droop control is enhanced
by addition of an extra control loop to system control, which is
called the virtual output impedance in [19]. Virtual impedance
has to be bigger than the sum of DGI output impedance and the
grid impedance [20] . In [21], a controller is used based on the
generic control framework of the synchronous power controller
(SPC), which is able to control inverter power as well as compen-
sate nonlinear current harmonics. [22,23] proposes a hierarchical
control method for DGIs in the microgrid to compensate voltage
distortions by injecting shunt current but there is no guarantee
to supply the load with standard voltage. An active power filter
based multi-level DGI has to be used only for compensating
load harmonics in [24], which leads to improvement of PCC
voltage waveform, but this could not compensate grid voltage
harmonics. In total, existing control strategies mainly focus on
either the quality of the grid current or the PCC voltage in the
grid connected mode (load voltage in Fig.1), and improving both
of them have not addressed yet.The DGI’s criterion for connec-
tion and disconnection to and from the grid is the grid voltage
amplitude and frequency. Based on the IEEE 1547 standard, in
case of disturbances, the DGI can disconnect from the grid and
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feed load in standalone mode after a specific clearing time. In
this standard, there is no talk about grid voltage harmonics and
only the frequency and voltage amplitude are taken into account.
In DGI conventional structures (Fig.

• Based on standard IEEE 1547 for the grid voltage amplitude
between 88% and 110% of the nominal voltage, DGI has to
remain connected to the grid.

• In standard IEEE 1547, there is no talk about grid voltage
harmonic distortion. If the grid is distorted then the inverter
has to remain connected to the grid.

This paper focuses on grid connected mode; the main goal is
the improvement of the waveform quality of the grid current and
the load voltage under non ideal grid voltages in the presence
of nonlinear local loads. The main contribution of this paper is
presenting new control strategies to supply the local load with
standard voltage under aforesaid disturbances:

• LVC control strategy: supplying the local load with high
quality voltage under aforesaid disturbances, and exchange
active power with the grid, simultaneously.

• LVGCC control strategy: supplying the local load with
standard voltage under aforesaid disturbances, to control
current injected to the grid and exchange active power to
the grid, simultaneously.

In Table 2, DGI capabilities with different control schemes
are mentioned to highlight the contribution of this work. It
is evident that the main object of this paper is to supply local
load with standard voltage in grid-connected mode compared
to other works.

This paper is organized as follows. Section 2 and 3 describe
the LVC and LVGCC control strategies introduction and im-
plementation, respectively. The hardware design of DGI is ex-
plained in Section 4. Section 5 provides frequency domain anal-
ysis, simulation results and comparative studies to verify the
performance of the proposed control strategies. The conclusion
of the work is presented in Section 6.

2. PROPOSED LVC AND LVGCC CONTROL STRATE-
GIES

A simplified model for DGI with voltage control in the stan-
dalone as well as current control in grid-connected mode are
shown respectively in Figs.2(a,b). The load voltage is the same as
grid voltage and DGI works as a current source in the grid con-
nected mode. When the grid is distorted and faulty, DGI changes
to standalone mode and acts as a current source. In droop con-
trol, as shown in Figs.2(c,d), DGI works like a controlled voltage
source by which it is possible to exchange power with the grid
and feed the load in standalone mode by controlling the angle
and amplitude of the voltage. In terms of hardware, to control
the load voltage quality in the grid connected mode, the load
has to be separated from the grid by impedance and then it can
be controlled. The inductor is the most convenient choice for
this purpose because it does not consume any active power. The
equivalent proposed DGI circuit in this study is presented in Fig.
3 for which its main aim is feeding load with standard voltage.
The existing challenges for the proposed DGI are:

• Selection of a suitable voltage reference for load.

• Presenting internal controllers for tracking voltage reference

Fig. 2. Equivalent circuit modals of common DGIs. (a) Current
control in grid-connected mode. (b) Voltage control in stan-
dalone mode. (c) Droop control in grid-connected mode. (d)
Droop control in standalone mode.

Fig. 3. Equivalent circuit modals of proposed DGI. (a) grid-
connected mode. (b) Standalone mode.

• Selection of hardware parameters

The main issue in the proposed control strategies is the selec-
tion of load voltage waveform (V), which should be made by
the DGI in standalone and grid connected modes. In standalone
mode, the load voltage reference is a pure sinusoidal voltage. In
the grid connected mode, two different strategies can be carried
out depending on the quality of load voltage:

• LVC control strategy: load is fed with high quality voltage,
and grid current quality is not considered.

• LVGCC control strategy: load voltage quality and grid cur-
rent quality are controlled simultaneously.

To explore the difference between these two strategies, as-
sume that the grid has odd harmonics 5, 7, 11, 13, . . . according
to:

Vg(t) = V1 sin(ωt) + V5 sin(5ωt + ϕ5)

+V7 sin(7ωt + ϕ7) + ....
(1)

The amplitude of the hth harmonic of grid current in grid
connected mode is equal to:

Igh =
Vh −Vgh

jh2π f L
(2)
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Table 2. DGI capabilities

LVC LVGCC [7-10 [13] [14-15] [16-21] [22-23] [24]

Controlling of exchanged active power with the grid
√ √ √ √ √ √ √ √

Controlling of exchanged reactive power with the grid
√ √ √ √ √ √

Controlling of grid current
√ √ √ √ √ √

Controlling of inverter power
√ √ √ √ √

Controlling of inverter current
√ √ √ √ √

Controlling load voltage in grid-connected mode
√ √

Controlling load voltage in standalone mode
√ √ √ √ √ √

Compensation of load current harmonics
√ √ √ √ √

Seamless Transform
√ √ √ √ √ √

The load voltage in LVC control strategy will be:

LVC : V(t) = V1n sin(ωt + δ), δ ∝ P∗ (3)

Where, the load voltage (δ) is calculated based on the active
power reference exchanged with grid. In LVC, the current will
be sinusoidal due to the fact that load voltage is completely
sinusoidal and the hth harmonic amplitude of grid current is
equal to:

Igh =
−Vgh

jh2π f L
(4)

In LVGCC control strategy, the addition of a permissible level
of grid voltage harmonics to load voltage, reduces harmonics of
grid current. The load voltage reference of LVGCC strategy is:

LVGCC : V(t) = V1n sin(ωt + δ) + V5n sin(5ωt + ϕ5)

+V7n sin(7ωt + ϕ7) + ....
(5)

The load voltage harmonics are precisely in phase with the
grid voltage harmonics in the above equation, but, their am-
plitudes are equal to the amount given in IEEE 1547 standard
(Table.1). The first priority of LVGCC strategy is to feed the load
with standard voltage and to benefit from load voltage standard
harmonics to remove current harmonics:


H fh = Vh

V1
≤ H f (max)

THDv ≤ THDmax

Ih =
Vh−Vgh
jh2π f L

∼= 0

(6)

As illustrated in Fig. 3, the proposed DGI should connect to
the load similar to a voltage source, so a filter with higher order
than 2 should be placed between the VSI and load. By placing
the second order LC filter between VSI and load a structure with
the name DGI with a LC-L filter is created (Fig.4).

In the following section, the implementation of proposed
control strategies and hardware design for this DGI will be
thoroughly discussed.

Fig. 4. Proposed DGI with LC-L filter: circuit diagram and
implementation of proposed control strategies.

3. IMPLEMENTATION OF PROPOSED CONTROL
STRATEGIES

The block diagram of implementation of the proposed control
strategies for DGI with LC-L filter is shown in Fig.4, in which a
cascade power-voltage-current control method is used. In the
proposed control strategies, control of load voltage, grid current
control and control of active power exchanged with grid are the
objectives. The exchange of reactive power with the grid is out
of control.

A. Control loops
Load voltage and grid voltage are used to calculate the power
exchange with the grid in the power loop (see Fig.4). The differ-
ence between reference power and calculated power is passed
through an integral controller. The output of controller is equal
to the load voltage phase (δ). Then the voltage reference in grid
fundamental frequency is built based on PLL output and the
load voltage phase (δ):

δ = m
∫
(P∗ − P)dt

V∗α1 = V1n cos(θ + δ)

V∗β1 = V1n sin(θ + δ)

(7)

In the next step, according to the control strategy, the voltage
reference is built based on grid voltage harmonics and volt-
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Fig. 5. Inner loops for tracking of voltage reference in pro-
posed DGI with LC-L filter in the stationary reference frame.

age reference in fundamental frequency. The control scheme
consisting of inner current loop and outer voltage loop is pro-
posed to track load voltage reference. The block diagram of DGI
controller with LC-L filter and proposed controllers are demon-
strated in Fig. 5. For designing controllers, separation of current
loop and voltage loop is one of the most desirable methods.

In both grid connected and standalone modes, in the station-
ary reference frame (α axis and β axis), the proposed DGI can be
expressed as: 

di
dt =

vi−v
L f
− r f

i
L f

dv
dt =

i−ig−iload
C f

dig
dt =

v−vg
L − r i

L

(8)

By using a proportional controller in the current loop
(Gi(s)=kc), its closed loop function is given as:

i(s)
i∗(s)

=
gi Hikc(s2C f L + 1)

s3L f C f L + s2gi HiC f Lkc + s(L f + L) + gi Hikc
(9)

As it can be seen from the above relations, the current loop is
a three order system with one real and two complex poles. For
designing the voltage loop controller, the conversion function
V/i∗ is equal to:

V(s)
i∗(s)

=
sgikcL

s3L f C f L + s2gi HiC f Lkc + s(L f + L) + gi Hikc
(10)

The relations of the DGI with LC-L filter in Fig. 5 equal to:

 V(s) = Tv(s)V∗(s)− Zo(s)iload(s)− Tvg(s)Vg(s)

ig(s) = YvV∗(s)− Ti(s)iload(s)−Yvg(s)Vg(s)
(11)

The transfer functions which are used in the above relations
are: 

Tv(s) =
V(s)
V∗(s) =

sgikc LGv(s)
∆(s)

Zo(s) =
V(s)

iload(s)
=

s2 LL f +sgikc LHi

∆(s)

Tvg(s) =
V(s)
Vg(s)

=
sL f +sgikc Hi

∆(s)

Yv =
ig(s)
V∗(s) =

gikcGv(s)
∆(s)

Ti(s) =
ig(s)

iload(s)
=

sL f +gikc Hi

∆(s)

Yvg(s) =
ig(s)
Vg(s)

=
s2 L f C f +sgikcC f Hi

∆(s)

(12)

In the above relations, the system characteristic equation is:

∆(s) = s3L f C f L + s2gi HiC f Lkc

+s(L f + L + Lkcgi HvGv(s)) + gi Hikc
(13)

According to the proposed control strategies, the voltage
controller has to be able to track a voltage reference consisting
of the fundamental frequency and its odd-harmonic frequencies,
while, disturbances due to load current and grid voltage makes it
difficult to follow the voltage reference. A new voltage controller
with the following transfer function is proposed in the voltage
loop:

Gv(s) =
(

kp1 +
ki1
/
s
)(π2

4
− πωe

2s
tanh

(
πs

2ωe

))
(14)

The proposed voltage controller is implemented with the
least amount of calculations in the stationary reference frame
which has an appropriate performance in tracking harmonics.
Derivation of a voltage Controller form synchronous reference
frame proportional–integral multi-loop controller, its parameters
design and evaluation was published in [25]. The controlling
parameters of the proposed voltage controller are chosen based
on the bandwidth, phase margin and odd harmonic gains in
response to the open loop system response.

B. Grid Synchronization
A simple islanding detection based on IEEE 1547 is used to de-
termine DGI operation mode, where according to Fig.6 grid
amplitude (Vg) and frequency (f) continuously are checked in-
side of this flowchart. In the case of a grid outage, a sinusoidal
voltage reference with a base frequency is used as a reference.
Whenever the grid returns to its normal condition, DGI has to
switch to grid connected mode by going through the synchro-
nism procedure.

4. HARDWARE DESIGN

The LC filter has to be used to eliminate switching harmonics,
which includes an inductor and a capacitor (see Fig.4). To cal-
culate the size of the inductor and the filter capacitor, firstly the
filter cutoff frequency fr is chosen between 10 times of base fre-
quency f and half of switching frequency fs. Then, the inductor
is selected according to the maximum allowed ripple of current
(∆i) as follows [26]:

L f =
Vdc

3.∆i. fs
m(1−m) (15)

Where, m is modulation index of the inverter. Then, capacitor
size is calculated according to the following equation:

Cf=
1

L f !2r
(16)

Finally, harmonics of grid current can be restricted by choos-
ing grid side inductor L correctly, as follows:

Vgh max
2hπ f < L < 3V2

2π f Pn
sin(δmax),

h = 5 f or LVC,

h = 11 f or LVGCC,

(17)

Where δmax is the maximum angle difference between load
voltage and grid, which is usually less than 40o. Also,Pn and
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Fig. 6. Islanding detection method based IEEE 1547.

Vgh max are the nominal power exchange with the grid and max-
imum content of grid voltage at harmonic h, respectively. In
LVC strategy, L can be enlarged enough to limit current harmon-
ics, but, this leads to the limitation of active power exchange
with the grid. In LVGCC strategy, the idea of adding suitable
harmonic voltages to load voltage reference are proposed for the
restriction of current harmonic amplitudes 5 and 7.

5. DESIGN, SIMULATION AND EVALUATION

To prove the efficiency of the proposed control strategies, a DGI
with a LC-L filter with parameters given in Table 3 is simulated,
assuming that grid voltage has 5% of 5th harmonic and 4% of 7th
harmonic. On the other hand, local load of DGI includes a non-
linear load of 10kW and a linear load of 4kW at 0.8 power factor
of 0.8 lagging. To make a proper assessment of conventional
DGIs reviewed in the introduction, the DGI with LCL filter and
current control scheme introduced in [10] will also be simulated.
The parameters of a DGI with LCL filter are completely simi-
lar to the data presented in Table.will also be simulated. The
parameters of a DGI with LCL filter are completely similar to
the data presented in Table. 3. The inveter is simaluted as a
2level voltage source converter in switching mode with 10kHz
switching frequency.

A. Frequency domain analysis
Based on the discussion in the previous section and [25] kc=2.5
is selected in the current loop. The proportional factor of the
proposed voltage controller (kp1) in the voltage loop is cho-
sen according to bandwidth and phase margin of open loop
response. Afterwards, the integral factor is set based on the pro-
portional factor and nominal system parameters (ki1=kp1/RC).
For kp1=0.0938 and ki1=234.4, the open loop response of the

Table 3. DGI with LC-L and LCL filters parameters

Description Symbol Value

Filter inductance L f + rl 2.87 mH + 0.05 Ω

Filter capacitor C f 60µF

Interface inductance L 2 mH + 0.3 Ω

Switching frequency fs 10 kHz

Grid voltage Vabc,g 380 V

Grid Frequency f 50 Hz

Inverter DC voltage VDC 700 V

Fig. 7. The frequency response for proposed control scheme:
(a) open loop response, (b) closed loop response.

system is shown in Fig. 7(a). In which the phase margin is 180
degrees and the gain in odd harmonics is more than 40 db, which
assures that there is less than 1% steady state error. Fig.7(b) is
the system closed loop response. In which the amplitude and
response phase in all odd harmonics are about 1∠0◦, which
indicate that the system is effective in tracking odd harmonics.

B. Time domain analysis

B.1. Verify the performance of voltage controller

As pointed out in the control loops design section, the volt-
age controller must be able to track the sinusoidal and non-
sinusoidal voltage references under supplying nonlinear load.
Proposed voltage controller and proportional resonant controller
are among the most efficient controllers for this work. In this
section, the performance of two controllers will be compared.
The proportional-resonant controller can be formalized as fol-
lows [7], [27]:

PR = kp + ∑
i=1,3,7,11,13,17

ski
s2 + 2ωcis + i2ω2 (18)

Where, ω = 2π f and also ωci, kc and ki are the cutoff fre-
quency, bandwidth frequency, proportional coefficient and res-
onant controller coefficient, respectively. Simulation of non-
sinusoidal voltage reference tracking for LVGCC control strategy
with the proposed controller and PR controller are shown in Fig.
8 and and Fig. 9. It can be seen that both controllers are able
to track the reference but the proposed controller has a lower
computational burden.
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Fig. 8. Performance of proposed voltage controller for tracking
of non-sinusoidal voltage reference. From top: load voltage
and voltage reference in the stationary reference frame, error
of voltage tracking, load current.

Fig. 9. Performance of PR controller for tracking of non-
sinusoidal voltage reference. From top: load voltage and volt-
age reference in the stationary reference frame, error of voltage
tracking, load current.

B.2. Startup process of proposed DGI

This part presents the startup process of DGI with an LC-L
filter. First, DGI starts in standalone mode and tries to match

Fig. 10. DGI start-up (switching between operation modes).
From down: grid current, inverter current, load current, load
voltage, grid voltage.

load voltage and grid voltage in terms of amplitude and phase
through control loops. Once the difference between load voltage
and grid voltage drops to a certain amount, the circuit breaker
will connect the DGI to the grid. The simulation results of star-up
is shown in Fig. 10, in which load is fed with standard voltage
as well as the inverter current and grid current are under control
during connection instance. There is no over current or load
voltage distortion during the simulation.

B.3. Change of power reference

In this part of paper, the ability of the proposed control scheme in
exchanging the active power with the grid will be analyzed. Con-
trolling of reactive power is out of scope of the control scheme
because DGI works as a PV bus. In PV bus, the active power
P and the voltage magnitude |V| are specified. Fig. 11 shows
the results of a simulation in which the active reference power
changes from 0 to 30kW at t=0.15s, then it changes from 30kW
to -30kW at t=0.45s. From the obtained results, it can be seen
that power reference is tracked with a good transient response.
Moreover, the grid current and load voltage waveforms are reg-
ulated by the control scheme. In fact, the amount of exchanged
power with the grid has not a significant effect on the quality
of load voltage, and the load is fed with a completely standard
voltage.
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Fig. 11. Simulation results of power reference step change.
From top: exchanged power with the grid, grid current, and
load voltage.

B.4. Grid Voltage fault

In case of grid voltage faults, DGI has to disconnect from grid
and supply local load with standard voltage. In this section, the
operation of DGI will be discussed in case of occurrence voltage
sag in the grid. The results of 80% voltage sag in the grid voltage
at t=0.35 is shown in Fig. 12. It can be seen from Fig. 12 that
despite the grid voltage sag, DGI disconnects from the grid and
the load is being fed with a standard voltage.

B.5. Comparison with typical control scheme

The comparative study between proposed control and typical
control scheme will be driven in this section. In standalone
mode, all control schemes work with the same role and they
supply the load with pure sinusoidal voltage. Therefore, the
comparison should be done in the grid-connected mode where
DGI and non-linear load connect to the grid, and DGI has to
exchange power to the distorted grid. In this section, the quality
of load voltage and quality of grid current will be explored
for the evaluation of control schemes. The simulation results
of DGI with the LCL filter and current control (CC) scheme
according to [10] in the grid connected mode are shown in Fig.
13(a). In CC scheme, the objective is to draw a sinusoidal current
with unity power factor from the inverter. However, in this
hardware configuration as shown in Fig. 1 if the inverter current
is sinusoidal and the load current is non-sinusoidal, then the grid
current will be non-sinusoidal with a no unity power factor. The
simulation results of the proposed LVGCC and LVC strategies
for DGI with LC-L filter in steady state are illustrated in Fig. 13
(b,c). The main purpose of proposed strategies is supplying load
with standard voltage independent of grid voltage quality. The
results of LVC strategy simulation are presented in Fig. 13(b). It
is clear that in spite of the distortion of grid voltage (THD about

Fig. 12. Simulation results for 80% voltage sag. From down:
grid voltage, grid current, load voltage.

Fig. 13. Simulation results in grid-connected mode: (a) DGI
with current control, (b) DGI with LC-L filter and LVC control
strategy, (c) DGI with LC-L filter and LVGCC control strategy.
From down: grid current, inverter current, load current, load
voltage, grid voltage.

6.47%) and nonlinearity of load (THD 11.12%), the load is fed
with a standard sinusoidal voltage of THD=1.66%. It can be seen
from LVGCC in Fig. 13(c) that adding 5th and 7th harmonics to
load voltage leads to improve the grid current quality. It should
be pointed out that the improvement of grid current quality, has
the consequence of quality reduction of load voltage. In Fig. 14,
comparison between Fourier spectrum of load voltage and grid
current for control schemes are shown. It can be seen that, in CC
scheme although the inverter current is sinusoidal with a THD
lower than 1.97%, the grid current is non-sinusoidal with a THD
of 7.84% and load is supplied with nonstandard grid voltage
(THD=6.47%). Comparison of Fourier spectrums in LVC and
LVGCC show that for LVGCC scheme, load voltage and grid
current are in IEEE standard range (Table.1). And LVC scheme
is acceptable, which only control quality of load voltage.
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Fig. 14. Fourier spectrum of simulation results in grid-
connected mode: (a) Load voltage (b) Grid current.

6. CONCLUSION

This paper proposed two novel control strategies for DGI with
LC-L filter in order to supply load with standard voltage in all
conditions as well as to compensate nonlinear current harmonics:
1) LVC strategy; feed load with high-quality voltage without any
attention to the quality of the current injected to the grid; the fun-
damental order of current was only controlled in this mode. 2)
LVGCC strategy: simultaneous control of load voltage and grid
current; in this strategy, it became possible to control harmonics
of current injected to the grid by purposely reducing the quality
of load voltage. The hardware of DGI and three loops control
scheme were designed to achieve load voltage and grid current
control capabilities. Comparison of voltage controllers showed
that the proposed controller with lower computational burden
has non-sinusoidal reference tracking capability, similar to con-
ventional PR controller. Simulation results of the proposed con-
trol scheme for operation in standalone mode, grid-connected
mode and seamless transfer between modes, verify their per-
formance. Also, comparison with the current control scheme
demonstrates that they have more desirable performance in view
of load voltage quality as well as the quality of current injected
to the grid.
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