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Abstract. Microgrids (MGs) are developing owing to the rapidly growing distributed power generation 

systems. The MG controls the flexibility of the network to ensure the requirements of reliability and power 

quality are satisfied. A typical MG normally consists of dispersed generation resources, which are 

connected by power electronic inverters, storages, and non-linear loads. This study deals with a 

compensation control method of a photovoltaic grid-connected inverter using unity power factor (UPF) 

strategy in MG. In this case, the proposed control method can provide output currents without distortion and 

with the UPF. Further, it is able to increase the inverter output current to approximately 19 times of the 

value obtained conventionally. The proposed control method can be applied to three-phase grid interfaced 

converters such as DG inverters and can also be easily integrated into the conventional control scheme 

without installation of extra hardware. A theoretical analysis is presented and the performance of the 

proposed control method for a grid-connected inverter in a MG is evaluated through simulation results. 

1 Introduction 

Since the late 1980s, power quality is an important 

parameter for electrical companies and customers wo 

require high and low voltages. Consequently, electrical 

companies have attempted to improve the power quality 

in the power grid to satisfy the requests of customers. In 

recent times, the use of distributed generation systems 

(DGSs) are increasing as there is a growth in the 

utilisation of renewable energy sources as well as the 

evolution of synchronized generation units.  

A distributed generation (DG) unit is a source of 

electrical generation that is associated either to the 

distribution grid directly or to customers. The microgrid 

(MG) distribution network consists of DG units, local 

loads, and energy storage, which can function in grid-

connected [1] or islanded modes [2]. Based on these 

principles, the MG construction that was studied is 

illustrated in Figure 1. The photovoltaic (PV) cell, 

microturbine, fuel cell, and wind turbine are often 

intermittent. These energy systems can be combined or 

connected to a local energy storage system to maintain a 

continuous power flow between the mains grid and the 

local network. Even though the utilization of renewable 

energy sources (RESs) adds complexity to the 

aforementioned optimality condition, they offer various 

technical, economical [3], and environmental [4] 

advantages. Such benefits might be in the form of 

reducing line losses, improving voltage profiles, 

enhancing power quality, shaving demand peaks, 

increasing system reliability, and rising grid security [5]. 

In most cases, either a harmonic voltage or current source 

can represent a harmonic-producing load. Non-linear 

loads can produce harmonic loads and cause the system 

to be unbalanced and consume reactive power; further, 

the lack of a suitable compensator can practically worsen 

the power quality of the AC system.  

The converter interface is often used because the 

output voltage of DGs is often DC power (such as, solar 

system or fuel cell) or AC power with variable 

frequencies (e.g. wind turbines) or even AC with a 

frequency that is greater than the frequency of the 

network (such as microturbines).  

By implementing DGSs in a MG, this situation 

becomes more serious, because power electronic 

inverters are often used to connect DG units. A MG is a 

local power supply system, which integrates the RESs [6], 

energy storage devices, and either loads or non-linear 

loads. The grid-connected inverters (GCIs) in DGSs and 

MGs are essential interfaces to connect the RESs and 

utility grid [7]. The power quality at the point of common 

coupling (PCC) will seriously influence the stability of 

GCIs. 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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Fig. 1. Schematic of microgrid. 

As a power electronic inverter may produce harmonics 

and require reactive power [8], a suitable compensator 

system will be required to maintain the quality of power. 

With the widespread use of harmonic generating devices, 

the control of harmonic currents to maintain a high level 

of power quality is becoming increasingly important. 

While facing these challenges, an effective method for 

harmonic suppression is the harmonic compensation 

achieved by using passive/active power and hybrid 

compensator filters. With extensive research on the 

harmonic pollution of the power grid in the early 1990s, a 

new approach concerning harmonic compensation in the 

power system was offered [9].  

To reduce the investment, operation, and maintenance 

costs, and increase the cost-effective feature of the GCIs 

in DGSs and MGs, new control methods for GCIs were 

proposed [10], [11]. The non-linear loads are capable of 

creating harmonics and can result in an unstable system 

that would consume reactive power. Furthermore, 

frequently, the lack of a suitable compensator may 

deteriorate the power quality of the AC system. 

By implementing the DG in a MG, this situation becomes 

more serious as power electronic inverters are frequently 

used with the aim to connect DG units such as fuel cells, 

wind turbines. Further, the power electronic inverter 

might produce harmonics and the prerequisite reactive 

power. Moreover, an appropriate compensator system 

will be required to retain the power quality. 

This paper presents a compensation control method 

for the PV GCI using unity power factor (UPF) strategy 

in the MG. The performance of the proposed control is 

demonstrated using computer simulations and verified 

using a real control method for a GCI in the MG for 

simultaneous reference power injection and harmonics 

rejection.  

2 Proposed control method 

In this proposed control method, the load and GCI are 

observed through the source by means of a linear 

resistance. After applying the UPF condition, the voltage 

and current sources at the PCC will have indiscernible 

waves by the different domains (e.g. have equal total 

harmonic distortion (THD) values) [12]. At this stage, the 

reference source current given by  

                                  
s pcci kv   (1) 

where k is a constant. At that time, the power can be 

delivered by the source at the PCC, which can be written 

as 

2

(0 ). .s pcc s pcc pccp v i v kv kv              (2) 

If we consider that the power delivered by the source 

is equal to the DC component of the load instantaneous 

active power; then 
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Therefore, the reference values of the source current 

can be determined by simple calculations, i.e. 
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Finally, the neutral source current,  , is given by [13]. 
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To obtain the current set point for each phase, the 

output of the proportional-integral (PI) controller is 

multiplied with the mains voltage waveform. Figure 2 

shows that the reference currents of UPF for the PWM 

can be achieved by the PI output voltage controller. 

Hence, the limiter is responsible for providing the short-

circuit-proof operation. 
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Fig. 2. Proportional-integral output voltage controller. 

The reference qrefi  for the qi  current is derived from 

the desired power factor. In Figure 3, R and C are 

resistance and the value of the output capacitor, 

respectively. 
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Fig. 3. Proposed control method for the unity power factor 

three-phase PWM. 

The load current io is considered as a time-dependent 

perturbation. The id and iq currents usually exhibit very 

fast dynamics when compared to Vc. Therefore, using 

three autonomous two-level hysteresis comparators can 

accomplish the practical implementation of the switching 

strategy. Hence, the control laws can be performed by the 

setup shown in the block diagram illustrated in Figure 3. 

3 Simulation results 

Figure 4 shows the simulation circuit to confirm the 

performance of the suggested non-linear loads and PV 

cell in MG, which was simulated using the 

MATLAB/Simulink software. 

Microgrid 
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Grid

PCCZS
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PV
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DC
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Fig. 4. Study system configuration with photovoltaic (PV) cell. 

While considering the above-mentioned problems, it 

is necessary to develop and use effective power quality 

improvement facilities to reduce the harmonics content of 

system current, compensate reactive power, and increase 

the power quality of the distribution systems. Hence, 

Figure 4 shows the configuration of the analysed system. 

As it can be observed, the PV cell and two non-linear 

loads are implemented to construct a sample distribution 

network. In this study, the PV cell was used as a DG unit; 

consequently, all the mentioned units (non-linear load 1, 

non-linear load 2, and PV cell) were considered as 

current sources which inject current harmonics to the 

system. A linear relation was assumed between the 

inductance and frequency. The PV cell is connected to 

the MG by the three-phase GCI. The parameters of the 

three-phase power line are listed in Table 1. 

Table 1. Power Line Parameters 

Parameters ZL1 ZL2 ZL3 Zt Zs 

R (Ω) 0.53 0.29 0.14 - - 

L (mH) 1.31 0.67 0.31 0.16 0.01 

 

The current waveforms of the uncompensated grid, 

PV cell, non-linear loads 1 and 2 are shown in Figures 5 

(a)-(d). These figures show the currents, equipped 

without any compensation, which is connected to the MG. 

The currents are measured at 188.4 (A), 47.76 (A), 24.4 

(A), and 117.7 (A) for the uncompensated grid, PV cell, 

non-linear loads 1 and 2, respectively, and the THDs are 

measured at 12.67%, 8.01%, 7.23%, and 17.32%, 

respectively.  

Thus, certain limited solutions were proposed for 

imbalance and current harmonics in different standards. 

For instance, the International Electrotechnical 

Commission suggests that the current imbalance of 

electrical systems should be below 2% [13]. Additionally, 

according to the IEEE standard (No. 519-1992), the 

maximum allowable current distortion in each of the 

harmonics and the THD is 3% and 5%, respectively [14]. 

 Although a separate standard has not been provided 

for power quality indicators in MGs, there could be 

sensitive loads in a MG that require higher power quality. 

Therefore, the maximum permissible distortion values for 

MGs should be lower. Considering this, it is essential to 

note that one of the main objectives for the deployment of 

DGSs, especially on the MG structure, is to provide 

reliable and high-quality power. 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Fig. 5. Distortion current waveforms without compensation: (a) 

grid current; (b) PV current; (c) non-linear load 1 current and (d) 

non-linear load 2 current. 

Subsequently, the research demonstrated an improved 

power quality using the proposed control method. The 

compensated system currents are explained in this 

subsection. Figures 6 (a) and (b) show the current 

waveforms of the system and PV cell. The THDs are 

1.02% and 0.87%, respectively. Figures 6 (a) and (b) 

show the effective compensation values of the harmonic 

current for the system and PV cell. 

 
(c) 

 
(d) 

Fig. 6. Grid and distributed generation unit current waveforms 

with proposed control method; (a) system currents; (b) PV cell. 

The current and THD values before and after the 

proposed control method are listed in Table 2. This case 

shows that the proposed control method can compensate 

for the current system and PV cell. 

Table 1. Current and THD Results 

 

Before 

Compensation 

After Propose 

Control Method 

Current 

(A) 

THD 

% 

Current 

(A) 

THD 

% 

Grid 188.4 12.67 771.1 1.02 

PV 47.76 8.01 224.7 0.87 

N-load1 24.4 7.23 - - 

N-Load2 117.7 17.32 - - 

 

4 Conclusion 

One of the power quality problems in MGs is the THD of 

the interface inverter for the current exchanged with the 

grid. GCIs are effective interfaces for DGSs. This paper 

presented a new control strategy for harmonic current 

compensation for the PV GCI in an MG. The proposed 

control method consisted of an advance UPF strategy. 

Simulation studies were performed for a power system 

that included a PV cell connected into the system through 

GCI and non-linear loads, which produced the distorted 

waveforms. The proposed control method could transfer 

or compensate unbalanced currents and harmonic 

currents simultaneously. Finally, simulation results were 

provided to verify the effectiveness and performance of 

the proposed control method on PV GCI in MG. 
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