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Abstract  
Recent promotions in renewable energy technology along with an increasing demand and the need for clean and cheap 
energy have led to an increasing trend towards distributed generation resources, especially solar cells, in distribution 
networks. Moreover, with the rapid development of electronic devices such as computers, televisions, and mobile phone 
chargers in the consumer sector and the use of power electronic devices such as converters in the industrial sector, the 
power quality of distribution networks has been seriously threatened. Therefore, it is very important to consider load 
compensation in distribution networks. In this paper, the use of a PV-grid interface converter for complete load 
compensation in a four-wire, three-phase distribution network is proposed. The proposed converter consists of a single-
stage DC/AC inverter to connect solar cells to the grid. Maximum power point tracking of solar cells and injection of 
this power into the grid along with complete load compensation are done by the proposed DC/AC inverter. To achieve 
these aims, a new control strategy is proposed. Simulations wer performed in MATLAB/SIMULINK to evaluate the 
performance of the proposed structure and control strategy for the PV-grid interface converter. The simulation results 
for a four-wire, three-phase distribution system indicated complete nonlinear load compensation, reactive power 
compensation, load current harmonic elimination, and maximum PV power injection into the grid. 

Keywords: PV-grid interface converter, complete load compensation, four-wire three-phase distribution network. 
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1. Introduction 
More demands for electricity has increased the number of 
sensitive loads that require high-quality power as well as 
better a network performance. Additionally, the 
environmental pollution has been a serious issue due to 
an ever-increasing use of fossil fuels. These issues can be 
addressed by utilizing distributed generation (DG) 
systems [1-4]. Among distributed generation sources, the 
use of photovoltaics (PV) has more competitive 
advantages due to its inexhaustibility, availability, and 
pollution-free operation. For example, with a proper 
placement of PV panels, they can be used practically 
everywhere [5]. The main interface for connecting PV to 
the grid is power electronic converters. 

Moreover, the use of more electronic power 
converters by residential, industrial, and commercial 
customers has led to the higher levels of reactive power 
and non-sinusoidal current in the grid. Therefore, the 
distortion due to the larger number of electronic power 
converters affects adjacent loads. The growth of 
nonlinear loads has imposed a serious challenge for 
providing power quality in microgrids and distribution 
networks [6]. These loads are increasingly important 
since they constitute more than 40% of the total electrical 
loads [7]. One of the most important concerns of power 
quality in distribution networks is current harmonics [8]. 
Besides, unlike three-phase, three-wire distribution 
networks, the power quality in three-phase, four-wire 
distribution networks is affected by an undesirable factor, 
i.e., neutral current. In distribution systems, unbalanced 
loads adversely affect generators and transformers. 
Moreover, the high current flow through the neutral line 
causes more serious issues of harmonics and reactive 
power. The compensation of neutral current is, thus, a 
very important measure in improving the power quality 
of a three-phase, four-wire distribution system. The 
injection of  unbalanced current and reactive power has a 
distorting effect and reduces the power quality of 
distribution systems. Therefore, nonlinear load 
compensation and load balancing are chief problems in a 
modern distribution system. Low power quality in the 
power system can result in higher losses, in interference 
with telecommunication systems, and in annoying noises 
caused by vibrational torque in electrical machines [8-
11]. 

THD current mitigation from nonlinear loads is 
frequently achieved by employing passive filters (PFs), 
active power filters (APFs), and hybrid APFs [12]. These 
solutions use additional tools (PFs, APFs, etc.) to 
compensate for non-linear loads in the grid. In order to 
compensate for loads, the remaining capacity of grid 
interface PV inverters can be used, especially in 
conditions of low solar irradiance. The auxiliary 
functions can be carried out by changing the control 
strategy of the inverter. PV inverters with auxiliary 
functions (or Multi-functional inverters) such as reactive 
power compensation, harmonics filtering capability, and 
load imbalance compensation are good proposition for 
grid-connected PVs because of an increase in nonlinear 
loads and an integration of PVs into the power grid. 

Multi-functional inverters have been used in PVs to 
achieve a cost-effective grid interface. Electronic power 
converters can play two roles in power grids; they can 
potentially alleviate power quality issues and serve as 
grid interfaces. Under these conditions, multi-functional 
inverters at the point of common coupling (PCC) can 
instantaneously enhance the power quality. Therefore, the 
space required by the system and the investment costs are 
reduced [13,14].  

Auxiliary functions can include one or more types of 
power quality issues. However, among the studies, local 
nonlinear load current harmonic filtering and reactive 
power compensation are the most targeted [15-18]. 
Multi-functional PV grid interface converters are 
classified into the single-stage and the two-stage. In 
general, the higher number of stages decreases the 
efficiency of a grid interface converter. A two-stage grid 
interface converter consists of a DC/DC stage and a 
DC/AC stage. The DC/DC stage is usually used to realize 
maximum power point tracking (MPPT), whereas the 
DC/AC stage is used to control the power and current 
injected into the utility grid. A single-stage grid interface 
converter just has the DC/AC stage, which must complete 
all the functionalities of a two-stage one. A single-stage 
grid interface converter uses few electronic components 
and has smaller bulk, higher efficiency, lower cost, and 
higher reliability. On the contrary, the two-stage grid 
interface converter offers advantages such as a flexible 
control, but it has lower reliability, higher cost, and lower 
efficiency. Therefore, single-stage PV grid interface 
converters are commonly preferred in utility-scale 
applications [19-20]. 

The performance of the converter depends on the 
control strategy. Moreover, the control strategy is very 
important in achieving an optimal response of the system 
and realizing desirable goals according to the general 
performance. Various control strategies have been used 
in Multi-functional PV grid interface converters to 
improve grid power quality. Available strategies are 
based on either time or frequency domain analyses. In the 
frequency domain, the discrete Fourier transform 
algorithm is an approach with high complexity and poor 
dynamic response. Consequently, time domain-based 
strategies have been used more commonly. Among 
control strategies, instantaneous power theory in order 
has a straightforward physical meaning to identify and 
compensate for the reactive current and load harmonic, 
and its implementation in digital signal processors 
(DSPs) is easy [15-22]. In various studies, a single-stage 
PV grid interface converter has been used less for 
complete load compensation [21,22]. 

In this paper, a single-stage PV grid interface 
converter with a modified single-phase instantaneous 
power control strategy is proposed to compensate for the 
load (current harmonics, reactive power, unbalancing, 
and neutral current) in a four-wire, three-phase 
distribution network. The proposed converter uses only 
one DC/AC inverter to connect the PV system to the grid. 
Using the proposed control strategy, this DC/AC inverter 
performs maximum power point tracking (MPPT) along 
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with load compensation and injection of maximum PV 
power into the grid. The advantages of the proposed 
structure and its control strategy consists of a reduction in 
equipment costs, compared with two-stage structures, and 
its practical implement ability. In brief, the main 
contributions of this study could be listed as follows: 
 A single-stage PV grid interface converter which 

uses a modified single-phase instantaneous power 
control strategy is proposed. 

 The proposed structure and control strategy provide 
complete load compensation for unbalanced and 
nonlinear loads in three-phase, four-wire 
distribution systems. 

 The realized complete load compensation includes 
load balancing on the grid side, neutral current 
elimination in the grid due to unbalanced loads, 
compensating load reactive power, enhancing 
network capacity, and reducing harmonic current 
generated by nonlinear loads in the grid. 

  Ii injects maximum PV generation into the grid and 
load along with complete load compensation. 

Accordingly, the organization of the paper is as 
follows.: the system structure is explained in section two. 
Section three presents a proposed control strategy. 
Section four presents MATLAB/SIMULINK simulation 
results. Finally, concluding remarks are presented in 
Section five. 

2. System Configuration 
The proposed system is shown in Fig. 1(a). This system 
connects PV modules to the grid via a single DC/AC 
converter in parallel with non-linear and unbalanced 
loads. 

PV
DC/AC

VSC

Power 
filter

Utility

Nonlinear 
and 

unbalanced 

load
DC/AC

Controller
MPPT

Controller

Ipv Vpv
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Fig. 1: (a) System structure and (b) DC/AC inverter 
 
The DC/AC converter is responsible for DC voltage 

control, maximum power point tracking, power control, 
current injection into the network, and load 
compensation. Fig. 1(b) shows the structure of the 
converter, which uses three single-phase voltage source 

inverters (VSIs). The use of three single-phase VSIs 
allows load balancing. As another advantage of using 
VSIs, the system can be controlled either as three 
individual single-phase units or a single three-phase unit. 
Considering that one aims of the paper is load balancing 
while the maximum PV power are transferred to the grid, 
this necessitates the current of each phase should be 
controlled independently. Using the structure of three 
single-phase H bridges makes this function easily 
possible. In this situation, the voltage of each phase is the 
maximum H bridge voltage. Consequently, the inverter 
capacity is reduced due to a reduction in the DC link 
voltage (divided by √3) [21]. The important issue in 
single-stage grid interface inverters is that the level of PV 
voltage and grid voltage must be the same. Using the 
inverter shown in Fig. 1 (b), the proposed converter can 
be used in a single stage. Each of the VSIs is connected 
to the grid using a single-phase transformer, which 
isolates the grid from the converter and allows the 
connection of the converter to three-phase four-wire 
networks. To filter out the high-frequency current 
harmonics, a passive filter is employed in series with the 
DC/AC inverter.  

3. Control strategy 
In this paper, the grid-connected mode is considered to 
control the proposed converter. The inverter and load are 
in parallel. The control strategy of the converter has the 
following objectives: MPPT for the PV system, load 
compensation for power quality improvement, and the 
injection of PV power into the grid and load. In this 
situation, the major part of PV generation is dedicated to 
the grid and load, while the power quality on the grid side 
is also improved. When PV generation exceeds the 
energy consumed by the load, extra power is injected into 
the grid; otherwise, the load are supplied through the both 
of PV unit and grid. 

The controller compensates for load and injects the PV 
power into the grid. The DC–AC converter simultaneously 
injects the PV power into the grid and loads with load 
compensation and power quality improvement on the grid 
side. To achieve these goals, the modified single-phase 
instantaneous power theory is used in the control strategy. 
In the present study, this method is generalized to control 
single-stage PV-grid interface inverters. 

According to the single-phase instantaneous power 
theory, single-phase and two-phase systems are related 
with 90° leading or lagging. Moreover, a three-phase 
system can be defined by three individual two-phase 
systems. A two-phase system can be represented by the 
stationary frame α-β. Accordingly, actual currents and 
voltages are the α-axis quantities, while 90° leading or 
lagging voltage current is the β-axis quantities [9]. In the 
present study, the instantaneous power theory is the basis 
of control objectives, and the controlling strategy is 
generalized for single-stage PV-grid interface inverters 
operating in the grid-connected mode. 

When the voltage of each phase is balanced, 
according to the single-phase p-q theory, one obtains: 

Currents and voltages of phase in the α-β frame: 
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Where Lai and LaV  are the load current and voltage of 

phase a, _Lai  , _Lai   and _LaV  , _LaV   are the load 

currents and voltages of phase a in the α-β frame 
respectively. 

Currents and voltages of phases b and c in the α-β frame: 
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Where ,Lb ci and .Lb cV  are load currents and voltages 

of phase b and c, , _Lb ci  , , _Lb ci   and , _Lb cV  , , _Lb cV   are 

the load currents and voltages of phase b and c in the α-β 
frame respectively. 

According to the p-q theory for balanced three-phase 
systems, instantaneous reactive and active powers are 
given below: 
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,L abcp  and ,L abcq  are the three-phase instantaneous 

active and reactive powers of the load. 
Therefore, according to the definition of three-phase 

power systems in the single-phase p-q theory, reactive 
and active powers can be obtained for each phase as 
follows: 
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, ,La b cp  and , ,La b cq  are load active and reactive powers 

per phase. 
Instantaneous reactive and active powers have two 

components, i.e., mean (dc) and oscillating. 
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 , , _La b c dcp , , , _La b c dcq  and , ,La b cp , , ,La b cq  are the dc and 

oscillating components of the load active and reactive 
powers per phase respectively. 

The fundamental harmonic positive sequence 
component of the load, the dc component, and all load 
harmonics constitute the oscillating component of the 
active and reactive instantaneous power for each phase. 
The proposed converter aims to fully compensate for the 
load. Therefore, if the grid-interface converter can 

provide the oscillating active power of the load along 
with the total reactive power of the load, harmonic and 
reactive power compensation of the load will be achieved 
from the grid’s point of view. 

In addition, the unbalanced load power can be 
balanced by properly distributing it between the inverter 
and the grid. In this way, the total load seen by the grid is 
balanced. The three-phase dc component related to the 
active power of the unbalanced load can be obtained as 
follows: 

_ _ _ _L dc La dc Lb dc Lc dcp p p p                                  (9) 

where _L dcp  is the total three-phase dc component of 

the unbalanced load active power. Consequently, if it is 
assumed that the load is balanced, the dc component of 
the load active power consumption per phase will be 
obtained as follows: 

_
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where _ph cL dp  is the dc component of the balanced 

load active power for each phase. 
Equation (10) and related concepts are used to 

determine the reference currents of the converter for load 
compensation. Besides transferring the PV-generated 
power to the grid, the PV-grid converter distributes the 
power among the phases so that the load reactive power 
and harmonics are compensated, and the grid load is 
balanced. Based on this, in the α-β frame, the currents 
that must be injected by the converter into the 
network/load are obtained as follows: 
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, , _Ca b ci   and , , _Ca b ci   are the converter’s reference 

currents in the α-β frame for each phase; , ,La b cp  and , ,La b cq  

are the load active and reactive powers per phase; _ph cL dp is 

the reference power obtained by (10); _pv mpptP is the 

maximum PV power obtained from the MPPT algorithm, 

and dclinkP denotes the active power that maintains the DC-

link voltage at the voltage of maximum power (obtained 
from MPPT). 

The perturb and observe (P&O) method is employed in 
the present study for MPPT. The P&O is known as the 
most widespread MPPT algorithm due to its easy 
implementation, simple control structure, and 
effectiveness. According to P&O, the PV output terminal 
voltage is periodically incremented or decremented, and 
the power values of the current and previous cycles are 
compared. With the variation of voltage and an increase 
(reduction) in power, the operating point is accordingly 
(oppositely) changed by the control system [23]. In a 
single-stage PV-grid interface inverter, the DC-link 
reference voltage is set to the value obtained from the 
MPPT for the PV system operating at maximum power. In 



22     Energy: Engineering & Management, Vol. 12, No. 4, Winter 2023, P. 18-29 

this method, with voltage and current sensors, the current 
power of the PV panels is calculated; then, the output 
power of the inverter is determined. Meanwhile, the DC 
link voltage must remain stable. The limitation in tracking 
speed by changing the step length and control period is 
effective in DC-link voltage stability. However, in rapid 
changes of radiation and temperature, the DC-link voltage 
stability cannot be assured. In order to stabilize the DC-
link voltage in the single-stage PV-grid interface inverter, 
if the PV panel's output power decreases, the inverter's 
reference output power should be reset to the current 
output power of the PV. In other words, the input and 
output current of the DC-link should be balanced to 
maintain its voltage at the maximum power point, so that 
the tracking of the maximum power point is realized to 
absorb maximum energy. This is achieved in the proposed 
control strategy according to (11).  

Fig. 2 presents the flowchart of an adapted P&O 
algorithm. Thus, according to (1) and (3), the three-phase 
reference currents of the converter are: 

* * *
_ _ _,  ,  Ca Ca Cb Cb Cc Cci i i i i i                              (12) 

where *
Cai , *

Cbi , and *
Cci  are the reference currents of 

the converter for the a, b, and c phases respectively. 
The block diagram of the reference current generation 

is shown in Fig. 3. 
start
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Fig. 2: Adapted P&O detection algorithm 

*
dcV  

Generally, a PV grid interface converter has two 
control loops. The outer loop determines the output current 
of the converter based on the control strategy. The inner 
loop modulates the output currents of the converter to meet 

the requirements of the waveform and phase. As 
mentioned, in single-stage PV grid interface converters, 
both loops are realized simultaneously in one power 
conversion stage. In this paper, based on the proposed 
control strategy, the output reference currents of the 
inverter are determined for the outer control loop, and in 
the inner control loop, pulse width modulation (PWM) is 
used to modulate the output currents of the inverter. 
According to the structure of the proposed inverter, this 
modulation is done separately for each phase. 

In order to function without distorting  the inverter 
controller to follow the reference currents, the voltage 
amplitude of the DC link must be greater than the voltage 
amplitude of each phase of the network (based on the 
topology of three single-phase H bridges). Considering 
that in the single-stage PV grid interface converter used 
in this paper, the DC link voltage is the same as the PV 
panels voltage, the minimum reference voltage for the 
DC link is considered to be the minimum amplitude of 
line-to-neutral voltage. This issue is included in the 
MPPT algorithm. Based on this, as stated in sectiontwo, 
one of the important points in choosing PV panels for the 
proposed grid interface converter is the range of PV 
voltage amplitude changes which should be within the 
permissible range of DC link voltage amplitude changes 
of the inverter. Based on this, the inverter topology used 
in this paper is very suitable for the low PV voltage 
amplitude range. 

4. Simulation 
In the present study, the proposed control method is 
evaluated for a single-stage PV-grid interface converter 
using the MATLAB/SIMULINK software while 
compensating for nonlinear and unbalanced loads in a 
four-wire three-phase distribution network. The simulated 
system is shown in Fig. 1. In this system, the PV unit is 
connected to the network by a single converter through 
isolated transformers in parallel with the load. Nonlinear 
and linear loads are combined to represent the load. A 
three-phase rectifier with a resistive dc load forms the 
nonlinear load. A set of resistive and inductive impedances 
is considered to be the linear load. The linear load draws 
unbalanced active and reactive power from the grid. 
Moreover, the switching harmonics are suppressed by 
using a passive filter. Table 1 shows the simulation 
parameters. 

 
Block diagram for reference current generation :3 .Fig 
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Table 1: Simulation parameter values 
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Fig. 4 shows the dynamic model of the solar cells. The 

internal resistance is denoted by the series resistance RS, 
and Rsh is the parallel resistance that depends inversely on 
the ground leakage current. The PV arrays are made of 
parallel-connected single-module strings. Each string 
contains 15 series-connected modules, to obtain the desired 
rated power at the suitable voltage [15]. 

Rsh Vout

+

-

IL I

IshId

Rs

 
Fig. 4: Equivalent circuit of a PV cell 

 
Table 2 presents the PV unit parameters. Voltage-

power and current-voltage characteristic curves of PV 
panels at various solar irradiances and temperatures are 
shown in Fig. 5. The MPPT algorithm tracks the MPP, 
which is at a specific voltage as shown in Fig. 5. 

 
Fig. 5: (a) Current-voltage and (b) power-voltage 

characteristics of PV panel at different irradiations and 
temperatures 

 

4.1. Simulation Results 
The simulation results of the system in Fig. 1 are shown 
in Fig. 6 based on the parameter values in Table 1. The 
inverter starts to operate at 0.07 s to improve its 
performance and exhibit its capabilities. The grid voltage 
is illustrated in Fig. 6(a). 

The three-phase currents of the load are shown in Fig. 
6(b). These currents are unbalanced and non-sinusoidal. 
The average total harmonic distortion (THD) of the 
phases is approximately 18%. Fig. 6(c) and (d) show the 
three-phase compensation and grid currents respectively. 
As shown, the load harmonics and imbalance in the grid 
currents cannot be observed after 0.07 s, that is, when the 
compensator is operated. This means that current 
harmonics and imbalance are compensated. The average 
THD of the phases is approximately 2.2%. Under this 
condition, the power consumed by the load is larger than 
the PV generation. Therefore, both the PV and grid 
supply the load, and a smaller grid current is required 
compared to the time when the converter was not 
installed. 

 

Table 2: PV panel parameters 

Module data Array data 

 
1 Parallel string 

15 
Series-connected modules 

per string 

0.0032 
Temperature coefficient of Isc 

(%/deg.C) 
-0.123 

Temperature coefficient of Voc 
[%/deg.C] 

7.5 MPP current Imp [A] 28 MPP voltage Vmp [V] 

8.21 Short-circuit current Isc [A] 32.9 Open circuit voltage Voc [V] 

54 Cells per module (Ncell) 210 Maximum Power [W] 

Parameters of model  

59.408 Shunt resistance Rsh [ohms] 8.2431 Light-generated current IL [A] 

0.23963 Series resistance Rs [ohms] 
8.917e-

16 
Diode saturation current [A] 
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The load and source neutral currents are shown in Fig. 

6(e). According to this figure, the unbalanced load 
current is properly offset, and it seems that the load is 
balanced from the grid’s point of view. The total three-
phase active and reactive power of the grid is shown in 
Fig. 6(f). According to this figure, the three-phase 
reactive power tends to zero when the inverter starts to 
operate. Therefore, the reactive power is offset as aimed. 
The grid active power decreases by injecting PV power 
into the load, so the presence of the PV system leads to 
desirable results.  

Fig. 6(g) shows the DC voltage of the PV panel and 
the converter. The DC link voltage is around 420 V, 
which is at MPP. From Fig. 6, the proposed structure and 
the control strategy can effectively perform the PV 
MPPT, transmit the PV power to the load and grid, and 
achieve the compensation objectives.  

To demonstrate better and compare the performance 
results of the proposed PV-grid interface converter in 
improving the grid power quality, the simulation results 
of the PV-grid interface converter are presented in Table 
3. The THD of the three-phase currents, the RMS of the 
three-phase currents, and the unbalance factor (UF) [24] 

of the currents for the two cases of “with” and “without” 
the PV-grid interface converter are presented in Table 3. 
The value of UF is expressed as the ratio of maximum 
deviation from the average three-phase current to the 
average three-phase current in percent. 

 
  

Table 3: Results of comparison between the proposed and 
conventional methods 

UF% Three-phase 

currents (RMS) 

[A] 

THD%  

22.93 

15.85 

11.08 

16.25 

A: 

B: 

C: 

9.77 

20.56 

15.9 

A: 

B: 

C: 

Load parameters 

(No 

compensation) 

1.12 

9.19 

9.28 

9.39 

A: 

B: 

C: 

2.19 

2.20 

2.23 

A: 

B: 

C: 

Proposed 

method 

  

 
Fig. 6: Simulation results of the proposed structure; (a) phase voltage of source, (b) load current, (c) compensation current, (d) 
source current, (e) source and load neutral current, (f) DC-link voltage, and (g) three-phase reactive and active power of source 
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4.2. Performance of PV-grid Interface 

Converter with Variations in Solar 

Radiation and Temperature 
This section evaluates the effect of variations in solar 

radiation and temperature on the performance of the 

converter and the proposed control scheme. Fig. 7 shows 

the simulation results for the system in Fig. 1 based on 

the parameter values in Table 1 with variations in solar 

radiation in the range of 0.4-1.4 s and variations in 

temperature in the range of 2-3.5 s. 

The variations of solar radiation and temperature are 

shown in Fig. 7(a) and 7(b) respectively. According to 

Fig. 7 (c), the generated PV power changes with 

variations in solar radiation and temperature. Fig. 7 (d) 

illustrates the grid voltage. The non-sinusoidal and 

unbalanced three-phase load currents are shown in Fig. 7 

(e). The three-phase compensation and grid currents are 

shown in Figs. 7 (f) and 7 (g) respectively. The grid 

current contains no large imbalance and harmonics 

resulting from the load current. Furthermore, the response 

of the proposed control scheme to fast variations in solar 

radiation and temperature is flawless. Load consumption 

is greater than the generation of the PV, and both the grid 

 

Fig. 7: Simulation results for the variations in solar radiation and temperature; (a) Radiation, (b) temperature, (c) PV 
power, (d) source voltage, (e) load current, (f) compensator current, (g) source current, (h) source and load neutral 

current, (i) three-phase reactive and active power of source, and (j) PV DC voltage 
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and PV system supply the load. A decrease in the PV 

generation during the interval 0.4-1.4 s  and 2-3.5 s 

reduces the contribution of PV; therefore, the 

contribution of load supply by the grid increases, and so 

does the network current. This issue is more visible in the 

changes in the sun's radiation. 

  The neutral load and grid currents are shown in Fig. 

7 (h). The load current imbalance during temperature and 

solar radiation variations is properly compensated by the 

proposed control scheme. The total values of three-phase 

active and reactive grid power are illustrated in Fig. 7(i). 

According to this figure, the three-phase reactive power 

is approximately zero over the investigated temperature 

and solar radiation range. Accordingly, the objective of 

reactive power compensation is achieved. More power is 

supplied by the grid to the load because of the reduction 

in PV power. The PV DC voltage is shown in Fig. 7(j). 

According to Fig. 5 and Fig. 7(j), it can be seen that the 

DC-link voltage follows the MPP voltage. Also, 

according to the PV power changes in Fig. 7(c) and the 

network power changes in Fig. 7(i), it can be concluded 

that MPPT has been achieved. 

 

4.3. Performance of PV-Grid Interface 

Converter in Grid Voltage Drop and Rise 

According to the characteristics of the power distribution 

network, the network voltage is not always constant.  

With load changes, the network voltage may increase or 

decrease. According to the National Electrical Code, 

voltage variations in power distribution networks must be 

limited between 5% for voltage rise and -10% for voltage 

drop. Based on this instruction, in this section, the 

performance of the converter and the proposed control 

  
 

voltage, (c)  Fig. 8: Simulation results in the conditions of network voltage drop and rise; (a) PV power, (b) source
phase -load current, (d) compensation current, (e) source current, (f) source and load neutral current, (g) three

reactive and active power of source, (h) PV DC voltage 
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scheme in the network’s voltage drop and rise is 

evaluated.  

Fig. 8 shows the simulation results for the system in 

Fig. 1 based on the parameter values in Table 1 with a 

voltage rise in the time range of 0.4 to 0.8 seconds by 5% 

and a voltage drop in the time range of 1 to 1.4 seconds 

by 10%. Fig. 8(a) shows the power generated by PV. As 

seen, during the rise and drop of the grid voltage, the PV 

continues to generate power in MPP. The per-phase grid 

voltage is shown in Fig. 8(b). According to the figure, a 

5% voltage rise occurred in the interval of 0.4-0.8 

seconds, and the 10% voltage drop occurred in the 

interval of 1-1.4 seconds. Fig. 8(c) illustrates the three 

phases current of the load. Changes in load current 

amplitude are caused by variations in grid voltage 

amplitude. Fig. 7(d) and 7(e) show the three-phase 

compensation and grid currents respectively. As seen, the 

load compensation is properly performed by the 

converter even during the grid voltage drop and rise. The 

neutral load and grid currents are shown in Fig. 7(f). 

According to Fig. 7(f) the neutral load current is properly 

compensated by the proposed converter. The three-phase 

active and reactive grid power are illustrated in Fig. 7(g). 

According to this figure, the objective of reactive power 

compensation has been achieved. Fig. 7(h) shows the PV 

DC voltage. According to Figure, the DC-link voltage 

follows the MPP voltage. Therefore, according to the PV 

power in Fig. 7(a) and the PV voltage in Fig. 7(h), MPP 

has been tracked. 

5. Conclusion 

In the present study, a single-stage PV-grid interface 

inverter along with its control strategy, usingthe 

instantaneous power theory, is proposed. The proposed 

method was evaluated under unbalanced nonlinear loads. 

MATLAB/SIMULINK was used to validate the proposed 

method in a three-phase, four-wire distribution system. 

According to the simulation results, the proposed 

method can effectively eliminate current harmonics, 

balance load, correct power factor, and improve network 

capacity utilization. 

The implemented structure consisted of only one 

DC/AC converter. The DC/AC converter and its control 

strategy had the following features: PV MPPT, reactive 

power/unbalanced load compensation, load harmonic 

elimination, and PV power injection into the grid and 

load. The advantages of the proposed structure and its 

control strategy are its practical implementability and a 

reduction in equipment costs, compared with two-stage 

structures. 
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