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Abstract- In recent years, grid connected photovoltaic system has emerged with its simplicity, reliability and endurability. The 

ranges of grid tie inverters (GTI) are classified as small scale as several tens of kilowatts and large scale as hundreds of 

megawatts. Accordingly, the standard of interconnecting to the grid is made higher extent in improving its power system 

reliability, efficiency and cost. Moreover, the working of grid connected inverter primarily depends on robustness in control  

strategy, even working in abnormal grid conditions such as deviation of voltage and frequency. This review focuses on 

updating grid standard codes and regulations, in addition overview of recent control strategies and direct power control. The 

structure of the phase locked loop (PLL) with grid synchronization techniques for single phase and three phase is discussed in 

brief. Investigations are performed for a fault ride through capabilities with detailed analysis of islanding detection methods 

with its types. The PV- STATCOM control functionality for the enhancement is discussed in detail. 

Keywords: PV inverter, grid codes, islanding, power quality, grid synchronization, current control 

 

1. Introduction 

      Solar photovoltaic (PV) energy conversion system has 

shown increase at a moderate annual rate of 60% in the last 

five years [1]. This is possible because of alternate clean 

energy sources, reduction of cost, efficiency increase of PV 

modules and subsidy scheme of political regulations [2]. PV 

installation is classified according to their functional and 

operating requirements named standalone and grid 

connected. With standalone system, remote area is supplied 

by DC or AC power with converters and energy storage 

devices [3]. On the other hand, in grid connected, generated 

power supply to the utility services without any energy 

storage equipments that have made added advantage of 99% 

benefit than stand alone system. 

In grid connected inverter, the power generated by PV plant 

is directly given to the transmission line and it is distributed. 

Henceforth, the use of batteries and other energy storage 

devices is not required that makes the arrangement less 

space, reduced investment cost and maintenance than stand 

alone system [4-6]. The evolution of solid state inverter 

technology and its control strategy have established PV 

systems into the grid as shown in Fig. 1. Due to variation of 

input supply at the inverter side, the PV inverter topology 

and its control design is made robust with the promising 

contol structure. The dc-link voltage is fixed to supply 

constant voltage to the inverter. 

 In the present decades, transmission system operators (TSO) 

have come up with standard grid codes in improving the 

quality of power supply injected into the grid based on small, 

medium and large scale industries according to the generated 
power rating. National electricity regulatory authority has 

made it mandatory to use transformer in the system for the 

galvanic isolation purpose. However, usage of transformers 

makes the system bulky size and increase the cost of the 

system. The aforementioned problem makes the researchers 

to concentrate on transformerless PV system [7,8]. The 

growth of power electronics technology has made 

transformerless PV inverter well suited in kilowatt (kW) 

range by placing standards such as DIN VDE 01261-1. 

However, elimination of transformer creates leakage current 

[9, 10], and complication in the grid side controller. This 

paper gives the overview of recent advances in controllers in 

grid connected PV system. Section 2 illustrates standard 

codes and regulation of PV inverter followed by performance 

requirements in section 3. Control structure of PV inverter 

defined in detail with active power and direct power control 

method in section 4. Recent advances in single phase and 

three phase synchronization method is analysed in section 5. 
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Brief analysis in islanding method and its type is discussed in 

section 6.Finally, advances in PV inverter is reviewed. 

 

 

Fig. 1. Generic structure of grid connected PV system 

2. Standard codes and regulation of grid PV inverters 

    Since grid connected PV applications are becoming more 

significant, a series of standard requirements and codes are 

regularly maintained by international and national committee 

to assure security and smooth transmission of electric power 

into the grid. The most relevant international bodies 

developing standard grid demand are IEEE (Institute of 

Electrical and Electronic Engineers) in the US, IEC 

(International electro technical commission) in switzerland 

and DKE (german commission for electrical, electronic and 

information technologies of DIN and VDE) in the germany 

leading in the PV market.  

     Several international standard regulations, that focus on 

recent developments are IEEE 1547 for interconnection of 

distributed generation (DG) [11, 12], IEC 61727 for 

characteristics of the utility interface [13], VDE 0126-1-1for 

Safety enhancement [14], IEC 61000 for electromagnetic 

compatibility [15], EN 50160 considering the public 

distribution voltage quality. The summary of international 

standard codes is defined in Table 1. 

3. Performance Requirements of PV Inverters  

3.1. Efficiency 

      The increase in use of PV inverter in domestic and 

industrial made to decrease the losses and concentrate on 

efficiency. Many industries have come up with 

transformerless inverter with efficient topology and control 

strategy removes zero crossing detection [16] with the aim of 

reducing the size and cost. Meanwhile number of switches is 

reduced with new topologies [17]. Recent studies proved that 

efficiency has higher values when silicon carbide (SiC), and 

gallium nitride (GaN) power semiconductor devices used in 

PV inverters [18]. 

3.2. Power density 

      The development of new PV converter topology by the 

manufacturer motivates to come up with very high power 

density. This can be achieved by employing higher switching 

frequencies and omission of DC/DC converter mainly for 

domestic and commercial applications [19]. 

3.3. Power Quality 

       Due to many power electronics, non linear, reactive 

loads and intermittent nature of DG makes poor power 

quality at PCC [20-24]. However, power quality is major 

consideration for stable and economical operation of grid 

connected inverter (GCI). However, effectual response 

should be taken to eradicate poor power quality. There are 

two response strategies to be considered. The effective 

strategy is active or passive power quality conditioners as 

dynamic voltage regulator (DVR), shunt active power filter 

(SAPF), unified power flow conditioner (UPQC), and power 

factor correction (PFC) are discussed in literature [25-28]. 

Former, the effective ride through approach [29,30] to mange 

poor power quality. 

The above mentioned advanced control strategies equipped 

with new topologies of inverter to enhance the power quality 

placed at the point of common coupling (PCC) is commonly 

known as multi-functional grid connected inverter (MFGCI) 

modified from conventional grid connected inverter is 

discussed in detail in literature [31]. 

3.4. Installation cost 

      In recent days, reduced cost of PV modules has impacted 

the balance of system (BoS) cost and reduced the levelized 

cost of energy (LCOE). Transformerless inverter topologies 

with reduced number of switches have reduced the inverter 

cost. Installation charges vary from region to another as land, 

labour and other local factors [32, 33]. 

4. Control Structure of PV Inverter 

    The fundamental types of control can be classified into 

two types: voltage control and current control. Voltage 

amplitude and frequency of inverter gets synchronized with 

each other, when it is connected to the grid. The classical 

current control is classified as active power and reactive 

power control method. The grid frequency is tracked by a 

phase locked loop (PLL). The inverter assembly circuit with 

control strategy is shown in Fig. 2. The voltage and current 

of the grid is taken as reference and it is transformed to 

mathematical equation with current control structure and 

given as duty cycle to the inverter. 

4.1. Active power control 

       The power control method defined in [34] acts as an 

instantaneous power and it eliminates dq components and 

double frequency harmonics. This makes the system more 

stable and tracking speed accuracy. The controller equations 

defines, grid voltage as Vg(t) and grid current as ig(t). With 

the help of grid current control, active power as in equation 

(4)  and reactive power as in equation (5) injected into the 

grid. 
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Table 1. Summary of international standard for PV applications 

 Codes and standards  Outlook and content of the 

standard 

 

 

 Grid connected  

IEC 61727,IEC 60364-7-712 Installations of buildings. 

IEC 62093, IEC 62116, IEC 61683 Utility interface and measuring 

efficiency. 

UL 1741,IEC 62446 Interconnected PV inverters- 

system documentation, 

commissioning tests. And use in 

independent power systems. 

 

 

Off grid 

IEC 61194,IEC 61702, IEC 62509 Battery charge controllers. 

IEC/PAS 62111, IEEE Standard 

1526, 

Stand-alone systems. 

 

 

      IEC 62124 

Rating of direct-coupled pumping 

systems 

Specifications for rural 

decentralized electrification. 

 

 

Rural systems 

 

 

IEC/TS 62257 

Medium-scale renewable energy 

and hybrid systems. 

Safeguard from electrical 

hazards. 

Choice to select generator sets 

and batteries. 

Micro power systems and 

microgrids. 

Monitoring  

 

IEC 60870,IEC 61724,IEC 61850-7 Measurement, data exchange, and 

analysis 

Transmission grids and systems 

for power service automation 

Distributed energy resources and 

logical nodes 

Electromagnetic 

Compatibility (EMC) / 

Electromagnetic 

Interference 

Emissions 

EN61000 

 

 

European union EMC directive 

for residential, private sectors, 

light industrial, and commercial 

facilities. 

 

FCC Part 15 

U.S. EMC directive for 

residential, commercial, light 

industrial, and industrial facilities 

Leakage current VDE 0126-1-1 I > 300 mA at 0.3s 

Δi > 30mA at 0.3s 

Δi > 60mA at 0.15s 

Δi > 150mA at 0.04s 

 

Anti-islanding 

IEEE 1547/UL 1741 

IEC 62116 

Detects the islanding and 

energizes within 2 Sec. 

VDE 0126-1-1 Impedance measurement 

Low voltage ride through 

(LVRT) 

IEC 61727 V< 50% at 0.1sec 

50% ≤ V < 85% at 2.0 sec 
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Fig. 2.  Block diagram of conventional three phase 

distributed inverter 

Vg(t) = V0 cos (ωt)         (1) 

   Ig(t) = I0 cos (ωt - φ)     (2) 

Instantaneous power is defined as, 

         P(t) = Vg(t)* ig(t) 

        =  P [1 + cos (2ωt)] + Q [sin (2ωt)]       (3) 

 Where, IVP
002

1
 Cosφ      (4)  

 

            
IVQ

002

1
 Sinφ    (5) 

4.1.1 Linear and nonlinear current control 

        Current controllers are used to keep the steady state 

operation of a grid connected PV system as they can monitor 

the current to follow the reference current. In three phase 

system, active and reactive power is suitably controlled by 

using the approach of dq rotating synchronous frame (dq-

SRF) [35]. The dq components are defined as id and iq 

proportional to active and reactive power. In single phase 

system, the current dq component can also be generated by 

using αβ – dq transformation as shown in Fig. 3. However, β 

component is availed by using 900 phase shift of fundamental 

frequency. The different methods of performing 900 phase 

shift are  time delay, all pass filter, hilbert transform, second 

order generalized integrator and enhanced phase locked loop 

(EPLL) [36, 37]. There are different control techniques as 

shown in Fig. 4. Such as proportional integral (PI) controllers 

with complex computational requirements and existence of 

steady state error as drawbacks [38]. Later, modified PI 

controller [40] have come up with an addition of grid voltage 

feed forward path and multiple-state feedback and increase 

of proportional gain as given in equation (6) and (7). 

Inclusion of these parameters have made difficult in 

implementing it in digital signal processor (DSP).In the next 

decades, most widely used proportional resonant (PR) 

controller eliminates steady state error with an infinite gain at 

selected resonant frequency  [41-43]. Hysteresis controllers 

[44], repetitive controllers [45, 46], sliding-mode controllers 

[47], and so on. The deadbeat controller is from the hierarchy 

of predictive controllers [48], the controller is developed on 

the basis of the model of the filter and grid, which predicts 

the dynamics of the system. In transient condition due to grid 

fault, dead beat control as given in Fig. 5. shows superior 

performances in limiting the peak current [49 - 51]. 

Analytical model of single phase circuit is defined as in 

equation (8) and controlled by deadbeat control as in 

equation (9). Advantages and inconvenience of different 

current control methods is defined in  Table 2. 

 

 

Fig. 3.  Structure of harmonic compensation control strategy 

PI controller transfer function is described as, 

S

K
KG i

PPI            (6) 

PR controller transfer function is described as, 

22 
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S

S
KKG iPPR        (7) 

By the mathematical model of single phase circuit, 
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Transfer function of deadbeat controller is defined as, 
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Table 2. Comparison of different control strategies 

Control strategies Associated type Advantage Inconvenient 

system controller 

 

 

Dq- control [35] 

Linear PI [39] Filtering and 

controlling can be 

easily achieved 

Very poor  compensation 

of lower order harmonics. 

The steady state error is 

not eliminated 

 

 

 

 

 

αβ- control [36] 

Linear       PR [40,41] Very high gain at 

resonance 

frequency is 

achieved. 

The steady state 

error is eliminated. 

Complexity is less 

than dq 

High dynamic 

Power factor control is not 

fully achieved 

 

 

Linear Repetitive control 

[45] 

Steady state error 

elimination is 

achieved 

Harmonic 

compensation is 

good 

Tracking response is too 

slow 

 

 

 

 

 

abc control [38] 

Linear PI  The transfer function is 

complex 

Linear PR The transfer 

function is simple 

More complexity than 

hysteresis and dead beat 

Linear Hysteresis [44] High dynamic 

Fast response 

Varying switching 

frequency 

High complexity of 

control for current 

regulation 

Non-linear Dead-Beat Tracking response 

is fast.Harmonic 

compensation is 

very good 

Implementation in high 

frequency microcontroller 

 

 

 
Fig.  4.  Classification of current control methods 

 

 

 

Fig.  5 Structure of deadbeat control  

4.2. Direct Power control method 

Khajehoddin et al., have come up with direct power control, 

rather controlling active and reactive power separately [52, 

53]. In Fig. 6 a). id and iq are dc variables known as active 

and reactive powers. The references for the current 

component is given as shown in Fig. 6 b). Further,  

developing a linear time invariant model for the stability 

purpose [54]. Grid current has a wide range of variation and 

variable frequency, compared to voltage. The 900 phase shift 

itself creates a barrier to increase the speed of the system 
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response. In a three phase system, the β signal is taken 

through abc/αβ transformation on the current signals. 

Accordingly, id and iq perfectly match with the dc variables. 

The direct power control structure as shown in Fig. 7 cancels 

the current harmonics by the harmonic controller block in the 

form of resonant controller. Later, Yongheng et al., have 

come up with a hybrid power control method to achieve 

improved thermal performance and effective utilization 

purpose [55- 57]. 

   
Fig. 6. a) Control structure of single phase active and 

reactive power, b) Current control block 

 

Fig. 7  Direct power control structure 

5. Grid Synchronization Method 

5.1. Structure of PLL  

      A power converter is commonly sensitive to the voltage 

disturbances. Since, its control system might lose 

controllability on the power signals under distorted 

conditions. In three phase system, active and reactive powers 

can be controlled using dq synchronous rotating frame. 

According to [58-60], importance of synchronization is 

defined as the power converter interacts with the grid at the 

point of common coupling. In order to reduce the undesirable 

effects and attenuate the voltage disturbances, 

synchronization should be properly designed with accurate 

phase locked loop (PLL) to create current waveform 

reference in good quality. The general technique is 

synchronous rotating frame PLL (SRF PLL) [61, 62]. 

5.1.1 Single-phase grid synchronization technique 

        The main aspect of interconnecting renewable energy to 

the grid by power converter are the magnitude and phase 

angle of fundamental frequency component should 

synchronize with the grid voltage. In the occurance of fault, 

the dq-PLL operates well and it tracks the phase angle. 

Accordingly, in  

Table 3. Time response analysis of synchronization 

technique. 

Synchronization 

technique 

Detection time at 

transient response 

Observance 

DSOGI [63] >40ms longer response 

time 

EPLL [65]               >40ms longer response 

time 

DDSRF [66]                 40ms fast transient 

response 

VSPF [68]                 25ms well suited for 

variable 

frequency with 

disturbances 

ANF                 20ms Fast dynamic 

response 

MCCF [67]                 20ms quick and 

perfect 

segregation of 

positive and 

negative 

sequences and 

harmonic 

component of 

imbalance grid 

voltage. 

 

an unbalanced fault, the dq-PLL fails to record the phase 

angle.Because it does not match with the positive sequence 

voltage due to oscillation.  Though, identifying harmonic 

component is made similar in single phase grid 

synchronization method is segregated into frequency domain 

and time domain.  

In single phase system, generation of signal in quadrature is 

not necessary in the input side. In orthogonal, signal 

generation methods are classified as PLL structure and 

inverse park transformation methods. 

Many research works depicts various algorithm for detecting 

grid voltage and phase angle such as zero crossing detection, 

arctan function, phase locked loop under ideal grid voltage 

conditions. Time delay, all pass filter, hilbert transform and 

second order generalized integrator (SOGI) fall under 

aforementioned category.  

Under normal grid condition without any voltage harmonic 

distortion, SRF PLL with high bandwidth can give an 
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accurate and fast detection of the phase and amplitude of the 

grid voltage. If the utility voltage is distorted with harmonics, 

the SRF PLL can still work if its bandwidth reduced to 

cancel out the harmonics with slow process. Despite  

reduction of PLL bandwidth does not yield a solution for 

unbalanced grid voltage [63]. 

5.1.2 Grid synchronization techniques for three-phase 

systems 

       A grid connected power converter is sensitive to voltage 

disturbances. Since, it loses controllability on the power 

signals under distortion condition. Moreover, a power 

converter interacts with the grid at the point of common 

coupling to attenuate voltage disturbances to reduce the 

undesirable effects. In such cases, voltage vector 

disturbances are detected by the synchronization system and 

to react to both ride through and provide support to the grid. 

In three phase system, synchronous reference frame PLL 

(SRF-PLL) represented as dq-PLL and stationary reference 

frame PLL as αβ-PLL are normally used for synchronization 

purpose [64]. Indeed, they have difficulties in tracking phase 

angle during distorted conditions in the grid. To overcome 

this complexity, many researchers have come forward by 

various synchronization techniques as follows.  

Ghartemani and Iravani proposed enhanced phase locked 

loop (EPLL) [66] to cancel the specific frequency component 

with the support of adaptive notch filter (ANF) for a non 

linear three phase system. However, in second order 

generalized integrator phase locked loop (SOGI-PLL) [65] 

response time differs due to same variable. A dual second 

order generalized integrator (DSOGI) proposed in [66] has 

good dynamics under unbalanced grid voltage conditions. A 

decoupled double synchronous reference frame PLL 

(DDSRF PLL) [67] shows fast transient response for 

unbalanced voltage condition with major disadvantage of 

complex structure. The discussed synchronization technique 

is shown in Fig. 8. 

Later, Xiaoqiang Guo et al., [68] proposed multiple-complex 

coefficient filter (MCCF) based PLL as in Fig. 9. With a fast 

and exact extraction of positive and negative sequence of 

harmonic components in distorted grid voltage condition 

with frequency adaptive capability. In 2012, for large 

distorted condition, Carugati et al., [69] discovered a new 

algorithm called variable sampling period filter phase-locked 

loop (VSPF-PLL) that enhances the method to implement in 

DSP and microcontrollers. The time response analysis of 

different synchronization technique is defined in Table 3. 

6. Islanding Detection 

     Detection of the utility grid condition is a essential feature 

of the DPGS units at every level. Typically, detection of a 

possible island condition is a significant in PV system and it 

is defined as anti-islanding requirement that disconnect the 

electric grid and PV inverters starts supplying to local loads. 

According to latest grid codes [70, 71], the requirement of a 

low voltage ride through (LVRT) [72, 73] capability and 

high voltage ride through (HVRT) [74] states that they stay 

connected during grid abnormalities [75, 76]. Fig. 10   shows 

the classified islanding detection methods [77 - 79]. If grid 

voltages become unbalanced, islanding detection methods 

should take place within few milli seconds. 

6.1. Passive islanding method 

       Islanding detection monitors changes in inverter output 

parameters or any other system parameters that indicates 

islanding. The changes in electrical parameter determine the 

occurrence of islanding commonly known as passive 

islanding [80]. This technique does not require any controller 

and easy to implement. Fig. 11. a) depicts interconnection of 

power inverter and load and Fig.11 b) the balance of power 

system. The primary drawbacks are large non detection zone 

(NDZ) and helpless in multiple PV inverter systems. The 

most familiar passive technique for islanding detection are, 

 Under/over voltage (UV/OV) 

 Under/over frequency (UF/OF) 

 Voltage harmonics 

 Phase jump detection 

 

Due to large non detection zone (NDZ), UV/OV and UF/OF 

methods are employed rarely. However, in grid connected 

system, it is used for monitoring purpose.  Active techniques 

inject smaller disturbance on the output of PV inverter to 

detect islanding [81-83]. It has smaller NDZ than passive 

methods that makes the system instability to the PV inverters 

thus it requires addition controllers. Active techniques 

include impedance measurement, active phase shift and 

sandia frequency shift [84]. The condition for grid voltage 

and frequency limits as per EN 50160 is listed in Table 4.   

From the Fig. 11. a). the power balance equation is framed as 

in equation (5) and (6) Pload is the real power of the load, 

Qload is the reactive power of the load, QDG is the reactive 

power output of the PV, PDG is the real power output of PV, 

ΔP is the real power output of the grid, ΔQ is the reactive 

power output of the grid. The NDZ depends on load 

conditions as in Fig. 11. b).  

Hence the power balance is, 

Pload = PDG + ΔP         (5) 

Qload = QDG + ΔQ        (6) 

Table 4. Standard grid parameters limits of EN 50160 

Value Minimum Maximum 

Frequency Fmin = 49 Hz Fmax = 51 Hz 

Voltage Vmin = 0.9 p.u Vmax = 1.1 p.u 
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Fig. 8.  Control structure of different PLL techniques. 

a).DDSRF, b).EPLL, c)DSOGI 

6.2. Active islanding method 

      The active method depends on the output of PV inverter 

generating small changes in frequency, phase, harmonics, 

active and reactive power [84]. It is divided into two groups 

defined as transient active and steady state active. Active 

islanding methods are serious due to reduced NDZ and 

disturbance introduced in the grid. When large numbers of 

inverters are interconnected to the same point of common 

coupling (PCC) interferences occur. To prevent this active 

methods are proposed. Inconvenience of this method is that 

they produce disturbances in the grid for obvious reason. Fig. 

12 shows the closed loop control system of a PV system, an 

effective power calculation method in terms of accurate 

computation and fast dynamic response with an advanced 

synchronization unit enhances the LVRT performance of the 

system. The overall performance of active methods is 

differentiated as in Table 5. 

 

Fig. 9 Basic structure of MCCF 

 

 

Fig. 10. Classification of islanding detection methods 

 

7. Advances in PV inverter 

    The idleness of solar farm in night leads poor asset 

management. In [85] a new approach on power inverter as 

PV-STATCOM, which uses solar farm at night time for the 

regulation of voltage variations at the point of common 

coupling. STATCOM control functionality [86-88] is 

implemented in PV inverter during night time for enhancing 

the transient stability of the system. It is also noted that the 

recent grid code recommend the solar PV farm to help the 

voltage regulation of grids by supplying / absorbing 

appropriate reactive power. This operation makes revenues to 

the investors. However, this is achieved by appropriate 

agreements between regulators, changes in grid code and 

inverter manufacturers.  
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Table 5.  Overall performance comparisons of active methods 

 Active methods 

Performances Active 

frequency 

drift [77] 

Sandia 

frequency 

shift [77,80] 

Reactive 

power 

variation [81] 

Grid 

impedance 

estimation-

harmonic 

injection [83] 

Grid 

Communication 

[85] 

Reliability Medium High Moderately 

high 

High Very high 

Reason: not 

capable to 

remove NDZ 

Reason: It  

removes 

NDZ 

Reason: It can 

remove NDZ 

Reason: It can 

eliminate 

NDZ 

Reason: As it does 

not depend on PQ, 

communication is 

good 

Power quality Low Medium High Medium High 

Reason: 

Lower order 

harmonics 

are 

introduced 

 

Reason: 

power factor 

is affected, 

but no 

harmonics 

are injected 

Reason: As no 

harmonics are 

injected, only 

the PF can be 

reduced. 

Reason: It 

depends on 

injections. 

Reason: No 

influence on PQ 

Applicable for 

Parallel inverter 

operation 

Low Medium Low Low Very high 

Reason: 

It does not 

handle 

continuous 

detection 

Reason: Its 

able to work 

with parallel 

inverters but 

power 

quality is 

affected 

Reason: 

Variation of 

frequency at 

PCC due to 

the other 

inverter 

Reason: 

Readings get 

to be 

influenced in 

parallel 

injection 

Reason: 

Depending on 

communication 

reliability 

Advisable for 

standardization 

Low Medium Low Low Very high 
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Fig. 11.   a). Connectivity of inverter to the grid and the load 

   b). Nondetection zone  

 

 

 

Fig. 12.  Closed-loop control system of grid power converter 

with LVRT capability based on PQ theory and PR + HC 

current controller 

8. Conclusion 

    The outlook of recent standard grid codes and regulation 

of interconnecting PV inverter to the grid have covered in 

detail, which focuses on the performance requirement and 

power quality. The advanced material of SiC and GaN based 

power converter shows enhanced future performance in PV 

inverter technology.  Further, detailed study on current 

control strategy and grid synchronization method for single 

phase and three phase have been differentiated with analysis. 

The robustness of PV control strategy believes to with-stand 

in grid abnormalities by the advanced synchronization 

method. Compared to passive islanding detection methods, in 

active islanding many innovative methods have been 

analysed based on frequency drift, voltage drift, and PLL. 

Recent advances of  STATCOM control functionality of grid 

connected PV inverter is also discussed.  

References 

[1] Teodorescu, R, M. Liserre, and P. Rodríguez, “Grid 

Converters for Photovoltaic and Wind Power Systems,” 

Piscataway, NJ: IEEE Press/Wiley, 2011 

[2] TERI, ERI, WAU, IIASA. Final report on work 

package. New Delhi: Tata Energy Research Institute; 

1999,accesed on 25, 2015 

[3] “Trends in Photovoltaic Applications Survey Report,”   

International Energy Agency,2009. 

[4] Al-Soud MS, Hrayshat ES. “Rural photovoltaic 

electrification program in Jordan,”  Renew Sustain 

Energy Rev, ,8,(6),pp.593–598, 2004 

[5] Yang, B., Li, W., Zhao, Y., & He, X., “Design and 

analysis of a grid-connected photovoltaic power 

system,” IEEE Trans. Power Electron., 25,(4),pp.992–

1000, 2010 

[6] Meral, M.E, Dinçer, F, “A review of the factors 

affecting operation and efficiency of photovoltaic based 

electricity generation systems,” Renew. Sustain. Energy 

Rev.,15, (5), pp. 2176–2184. 2011 

[7] Lopez, O, F. D. Freijedo, A. G. Yepes, P. Fernandez-

Comesana, J.Malvar, R. Teodorescu, and J. Doval-

Gandoy, “Eliminating ground current in a 

transformerless photovoltaic application,” IEEE Trans. 

Energy Convers., 25, (1), pp. 140–147, 2010 

[8] Xiao, H and S. Xie, “Leakage current analytical model 

and application in single-phase transformerless 

photovoltaic grid-connected inverter,” IEEE Trans. 

Electromagn. Compat., 52,(4), pp. 902–913, 2010 

[9] Barater, D., Buticchi, G., Lorenzani, E., Concari, C., 

“Active Common-Mode Filter for Ground Leakage 

Current Reduction in Grid-Connected PV Converters 

Operating With Arbitrary Power Factor,” IEEE Trans. 

Ind.Electron., 61,(8), pp.3940-3950, 2014 

[10] Buticchi, G. Barater, D. Lorenzani, E. Franceschini, G., 

“Digital Control of Actual Grid-Connected Converters 

for Ground Leakage Current Reduction in PV 

Transformerless Systems,” IEEE Trans. Ind. Informat., 

8,(3), pp.563-572, 2012 

[11] Dugan, R.C.,Key, T. S. andBall, G. J., “Distributed   

Resources Standards,” IEEE  Ind.  Appl  Mag.,12, 

(1),pp. 27–34, 2006 

[12] Kouro, S., Leon, J. I., Vinnikov, D., & Franquelo, L. G.  

"Grid-Connected Photovoltaic Systems: An Overview of 

Recent Research and Emerging PV Converter 

Technology." IEEE Ind. Electron. Mag., 9,(1),pp. 47-

61, 2015 

[13] IEC 61727 Ed. 2, Photovoltaic (PV) Systems – 

Characteristics of the Utility Interface, December 2004. 

[14] VDE V 0126-1-1, “Automatic Disconnection Device 

between a Generator and the Public Low-Voltage Grid,” 

Document 0126003, VDE Verlag, 2006. 

[15] UL Std 1741, “Inverters, Converters, and Controllers for 

Use in Independent Power Systems,” Underwriters 

Laboratories Inc. US, 2001 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
K.Arul kumar et al., Vol.6, No.3, 2016 

1047 
 

[16] Salmi, T., Bouzguenda, M., Gastli, A., & Masmoudi, A. 

“A novel transformerless inverter topology without zero-

crossing distortion,” International Journal of Renewable 

Energy Research , 2(1), 140-146,2012 

[17] Prabaharan N, Palanisamy K. “Investigation of single 

phase reduced switch count asymmetric multilevel 

inverter using advanced pulse width modulation 

technique”. International Journal of  Renewable Energy 

Research, 5(3):879–890,2015 

[18] Saridakis, S.; Koutroulis, E.; Blaabjerg, F., 

“Optimization of SiC-Based H5 and Conergy-NPC 

Transformerless PV Inverters,” IEEE Trans Emerg. 

Sel.Topics  Power Electron, 3, (2), pp.555-567, 2015 

[19] Islam, Monirul, Saad Mekhilef, and Mahamudul Hasan. 

“Single phase transformerless inverter topologies for 

grid-tied photovoltaic system: A review,” Renew. 

Sustain. Energy Rev.,45,pp. 69-86,2015 

[20] Liserre, M,  T. Sauter, and J. Y. Hung, “Future energy 

systems: Integrating renewable energy sources into the 

smart power grid through industrial electronics,” IEEE 

Ind. Electron. Mag.,4,(1), pp.18–37,2010 

[21] Cobben J.F.G, Kling WL, Myrzik JMA, “Power quality 

aspects of a future micro grid,”  Proc. IEEE Int. conf. 

future power systems,pp. 1–5,2005 

[22] Enslin J.H.R, Heskes PJM., “Harmonic interaction 

between a large number of distributed power inverters 

and the distribution network,” IEEE Trans. Power 

Electron.,19,(6),pp.1586–93,2004 

[23] Bollen M.H, Hassan F. ‘Integration of distributed 

generation in the power System’, Wiley-IEEE Press; 

2011. 

[24] Ayodele, Temitope Raphael, Munda, J. L., and Tehile, 

A. J.. “Challenges of grid integration of wind power on 

power system grid integrity: a review,” International 

journal of renewable energy research.  2,(4),618-626, 

2012 

[25] Hu J.B, Zhang W, Wang HS, He YK, Xu L., 

“Proportional integral plus multi frequency resonant 

current controller for grid-connected voltage source 

converter under imbalanced and distorted supply voltage 

conditions,” Journal of Zhejiang University -

Science,10,(10)pp.1532–40, 2009 

[26] Rodriguez P, Timbus AV, Teodorescu R, Liserre M, 

Blaabjerg F. “Flexible active power control of 

distributed power generation systems during grid faults,” 

IEEE Trans. Indus Electron.,54,(5), pp.2583–92, 2007 

[27] Peng F.Z, Akagi H, Nabae A. A new approach to 

harmonic compensation in power systems—a combined 

system of shunt passive and series active filters. IEEE 

Ind. Appl.,26,(6)pp.983–90, 1990 

[28] Ghosh A, Ledwich G., “Compensation of distribution 

system voltage using DVR,” IEEE Trans. Power Del., 

17,(4)pp.1030–36, 2002 

[29] Lowenstein M.Z. “Improving power factor in the 

presence of harmonics using low-voltage tuned filters,” 

IEEE Ind. Appl.,29,(3)pp.528–35,1993 

[30] Ke Z, Jiang W, Lv Z, Luo A, Kang Z., “A micro-grid 

reactive voltage collaborative control system configuring 

DSTATCOM,” Proc. IEEE Int. conf. pp.1887–90, 2011 

[31] Zeng, Z., Yang, H., Zhao, R., & Cheng, C, “Topologies 

and control strategies of multi-functional grid-connected 

inverters for power quality enhancement: A 

comprehensive review,” Renew. Sustain. Energy 

Rev.,24, pp. 223-270, 2013  

[32] Koutroulis, E.; Blaabjerg, F., “Methodology for the 

optimal design of transformerless grid-connected PV 

inverters,” IET Power Electron., 5,(8), pp.1491-1499, 

2012 

[33] PatraoI, FigueresE, González-EspínF, GarceráG. 

“Transformerless topologies for grid-connected single-

phase photovoltaic inverters,” Renew. Sustain. Energy 

Rev,15,(3),423–3, 2011 

[34] Khajehoddin, Sayed Ali, Bakhshai, A., & Jain, P, “A 

power control method with simple structure and fast 

dynamic response for single-phase grid-connected DG 

systems,”  IEEE Trans. Power Electron., 28(1), pp.221-

233, 2013 

[35] Katiraei, F, Iravani, R., Hatziargyriou, N., Dimeas, A., 

“Microgrids management,” IEEE Power Energy 

Mag.,6,(3), pp.54-65, 2008 

[36] Dasgupta, S., Sahoo, S.K., Panda, S.K., “Single-Phase 

Inverter Control Techniques for Interfacing Renewable 

Energy Sources With Microgrid—Part I: Parallel-

Connected Inverter Topology With Active and Reactive 

Power Flow Control Along With Grid Current 

Shaping,” IEEE Trans. Power Electron., 26,(3), pp.717-

73, 2011 

[37] Karimi – Ghartemani, M and M. R. Iravani, “A 

nonlinear adaptive filter for on-line signal analysis in 

power systems: Applications,” IEEE Trans. Power Del., 

17,(1), pp. 617–622,2002 

[38] Zmood, D. N. Holmes, D.G. and G. H. Bode, 

“Frequency-domain analysis of three-phase linear    

current regulators,” IEEE Trans. Ind. Appl., 37,(2), pp. 

601–610, 2001 

[39] Blaabjerg, F., Teodorescu, R., Liserre, M., and Timbus, 

A. V., “Overview of control and grid synchronization for 

distributed power generation systems,” IEEE Ind. 

Electron., 53,(5), pp. 1398-1409,2006 

[40] Twining, E, and D. G. Holmes, “Grid current regulation 

of a three-phase voltage source inverter with an LCL 

input filter,” IEEE Trans. Power Electron., 18,(3), pp. 

888–895, 2003  

[41] Teodorescu, R,  F. Blaabjerg, M. Liserre, and P. Loh, 

“Proportional resonant controllers and filters for grid-

connected voltage-source converters,” Proc. IEEE Int. 

conf, 153,(5),pp. 750–762, 2006 

[42] Sato, Y, T. Ishizuka, K. Nezu, and T. Kataoka, “A new 

control strategy for voltage-type PWM rectifiers to 

realize zero steady-state control error in input current,” 

IEEE Trans. Ind. Appl., 34,(3), pp. 480–486,1998 

[43] Yihua Hu; Yan Deng; Quanwei Liu; Xiangning He, 

“Asymmetry Three-Level Gird-Connected Current 

Hysteresis Control With Varying Bus Voltage and 

Virtual Oversample Method,” in  IEEE Trans. Power 

Electron.,29,(6), pp.3214-3222,2014  

[44] Zhang, X., Wang, Y., Yu, C.; Guo, L., Cao, R., 

“Hysteresis Model Predictive Control for High-Power 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
K.Arul kumar et al., Vol.6, No.3, 2016 

1048 
 

Grid-Connected Inverters With Output LCL Filter,” 

IEEE Ind. Electron., 63,(1), pp.246-256, 2016 

[45] Zhang, K, Y. Kang, J. Xiong, J. Chen., “Direct repetitive 

control of SPWM inverter for UPS purpose,” IEEE 

Trans. Power Electron.,1,(3),pp.784 – 792, 2003 

[46] Escobar, G, A.A. Valdez, J. Leyva-Ramos., “Repetitive-

based controller for a UPS inverter to compensate 

unbalance and harmonic distortion,” IEEE. Trans. Ind. 

Electron. 2007, 54, (1),pp.504 – 510, 2007 

[47] Kolar, J. W., Ertl, H. and Zach, F. C., “Analysis of On- 

and Off-line Optimized Predictive Current Controllers 

for PWM Converter Systems,” IEEE Trans. Power 

Electron, 6,(3),pp.451–462, 1991 

[48] Wu, R., Dewan, S. B. and Slemon, G. R., “Analysis of a 

PWM AC to DC Voltage Source Converter under the 

Predicted Current Control with a Fixed Switching 

Frequency,” IEEE Trans. Ind. Appl.,27,(4), pp.756–764, 

1991 

[49] Timbus, A., Liserre, M., Teodorescu, R., Rodriguez, P. 

and Blaabjerg, F., “Evaluation of Current Controllers for 

Distributed Power Generation Systems,” IEEE Trans. 

Power Electron, 24,(3),pp. 654–664, 2009 

[50] Monfared M, GolestanS. “Control strategies for single-

phase grid integration of small-scale renewable energy 

sources: a review,”2012, Renew. Sustain. Energy 

Rev.,16,pp.4982–93 

[51] Khajehoddin, S.A., Karimi-Ghartemani, M., Bakhshai, 

A., Jain, P., “A Power Control Method With Simple 

Structure and Fast Dynamic Response for Single-Phase 

Grid-Connected DG Systems,” IEEE Trans. Power 

Electron., 2013,28, (1), pp.221-233, 2013 

[52] Kim, R., S. Choi, and I. Suh, “Instantaneous control of 

average power for grid tie inverter using single phase dq 

rotating frame with all pass filter,” Proc. IEEE Int. conf, 

Ind. Electron. Soc., 2004, 1,pp. 274–279 

[53] Saito, M., and N. Matsui, ‘Modeling and control strategy 

for a single phase PWM rectifier using a single-phase 

instantaneous active/reactive power theory’, Proc. IEEE 

Int. Conf., 2003,pp. 573–578 

[54] Yongheng Yang, Huai Wang, Blaabjerg, F, Kerekes, T., 

‘A Hybrid Power Control Concept for PV Inverters With 

Reduced Thermal Loading,’ IEEE Trans. Power 

Electron.,29,(12), pp.6271-6275, 2014 

[55] Weckx, S.; Gonzalez, C.; Driesen, J., “Combined 

Central and Local Active and Reactive Power Control of 

PV Inverters,” IEEE Trans. Sustain. Energy,5, (3), 

pp.776-784, 2014 

[56] Liu, L,  Li, H., Xue, Y., & Liu, W. “Reactive power 

compensation and optimization strategy for grid-

interactive cascaded photovoltaic systems," IEEE Trans. 

Power Electron.,30,(1),pp.188-202, 2015 

[57] Karimi Ghartemani, M, S. Ali Khajehoddin, P. K. Jain, 

and A. Bakhshai, “Problems of startup and phase jumps 

in pll systems,” IEEE Trans. Power Electron., 27,(4), 

pp. 1830–1838, 2012 

[58] Lee, K.J., J.P. Lee, D. Shin, D.W. Yoo, H.J. Kim, “A 

Novel Grid Synchronization PLL Method Based on 

Adaptive Low-Pass Notch Filter for Grid-Connected 

PCS,” IEEE Trans. Ind. Electron.,62,pp. 292-301,2014  

[59] Gonzalez-Espin, F., G. Garcera, I. Patrao, E. Figueres, 

“An Adaptive Control System for Three-phase 

Photovoltaic Inverters Working in a Polluted and 

Variable Frequency Electric Grid,” IEEE Trans. Power 

Electron., 27, pp. 4248-4261, 2012 

[60] Kaura, V and V. Blasko, “Operation of a phase locked 

loop system under  distorted utility conditions,” IEEE 

Trans. Ind. Appl., 33,(1), pp. 58–63, 1997 

[61] Chung, S.K, “A phase tracking system for three phase 

utility interface inverters,” IEEE Trans. Power 

Electron., ,15,(3), pp. 431–438, 2000 

[62] Yuan, X,  J. Allmeling, W. Merk, and H. Stemmler, 

“Stationary-frame generalized integrators for current 

control of active power filters with zero steady state 

error for current harmonics of concern under unbalanced 

and distorted operation conditions,” IEEE Trans. Ind. 

Appl., 38,( 2),pp. 523–532, 2002 

[63] Hadjidemetriou, Lenos, Elias Kyriakides, and Frede 

Blaabjerg., “A new hybrid PLL for interconnecting 

renewable energy systems to the grid,” IEEE Trans. Ind. 

Appl., 49,(6),pp. 2709-2719, 2013 

[64] Bojoi, R.I., G. Griva, V. Bostan, M. Guerriero, F. Farina, 

and F. Profumo, “Current control strategy for power 

conditioners using sinusoidal signal integrators in 

synchronous reference frame,” IEEE Trans. Power 

Electron., 20,(6), pp. 1402–1412, 2005 

[65] Ghartemani, M.K and M. R. Iravani, “A method for 

synchronization of power electronic converters in 

polluted and variable-frequency environments,” IEEE 

Trans. Power Syst.,19,(3), pp.1263–1270, 2004 

[66] Yazdani, D., A. Bakhshai, G. Joos, and M. Mojiri, “A 

nonlinear adaptive synchronization technique for grid-

connected distributed energy,” IEEE Trans. Power 

Electron.,23,(4), pp. 2181–2186, 2008 

[67] Guo, Xiaoqiang, Weiyang Wu, and Zhe Chen. 

“Multiple-complex coefficient-filter-based phase- locked 

loop and synchronization technique for three-phase grid-

interfaced converters in distributed utility 

networks,” IEEE Trans. Ind. Electron., 58,(4),pp.1194-

1204, 2011 

[68] Carugati, Ignacio, aestri, S., Donato, P. G., Carrica, D., 

& Benedetti, M, “Variable sampling period filter PLL 

for distorted three-phase systems,” IEEE Trans. Power 

Electron,27,(1),pp.321-330, 2012 

[69] “Distribution System Operator, ESB Networks, 

Distribution Codev2.0,” [Online] accessed on 25 

dec,2015 

[70] “Technical requirements for connecting photovoltaic 

power station to power system,” Technical report, china, 

Dec. 2012 

[71] Silvestre, S., Chouder, A., Karatepe, E., “Automatic 

fault detection in grid connected PV systems,” Sol. 

Energy, 94,pp.119–127, 2013 

[72] Mohseni, M.; Islam, S.; Masoum, M.A. “Impacts of 

symmetrical and asymmetrical voltage sags on DFIG-

based wind turbines considering phase-angle jump, 

voltage recovery and sag parameters,” IEEE Trans. 

Power Electron., 26, pp.1587–1598, 2011 

[73] Geng, H. Liu, C.; Yang, G. “LVRT Capability of DFIG-

based WECS under asymmetrical grid fault condition,”  

IEEE Trans. Ind. Electron., 60, pp.2495–2509, 2013 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
K.Arul kumar et al., Vol.6, No.3, 2016 

1049 
 

[74] Kobayashi, H, “Fault ride through requirements and 

measures of distributed PV systems in Japan,” Proc. 

IEEE Int. conf, 2012, pp.1–6, 2012 

[75] Syamsuddin, S., Rahim, N.A., Krismadinata, Selvaraj, 

J., 2009. “Implementation of TMS320F2812 in islanding 

detection for photovoltaic grid connected inverter,” 

Proc. IEEE Int. conf. pp. 1–5, 2009 

[76] Chiang, W.-J., Jou, H.-L., Wu, J.-C., Wu, K.-D., Feng, 

Y.-T., “Active islanding detection method for the grid-

connected photovoltaic generation system,” Electric 

Power Sys. Research, 80,pp. 372–379, 2010 

[77] Ibrahim, R.A, M. S. Hamad, Y. Dessouky, and B. 

Williams, “A review on recent low voltage ride-through 

solutions for PMSG wind turbine,” Proc. IEEE Int. 

Conf, pp. 265–270, 2012 

[78] Islam, S., Woyte, A., Belmans, R., Heskes, P.J.M., 

Rooij, P.M., “Investigating performance, reliability and 

safety parameters of photovoltaic module inverters: test 

results and compliances with the standards,” Renewable 

Energy, 31,(8),pp.1157–1181, 2006 

[79] Maceˆdo, W.N., Zilles, R., “Operational results of grid 

connected photovoltaic system with different inverter’s 

sizing factors (ISF),” Progress in Photovoltaics: 

Research and Applications, 15,(4),pp. 337–352, 2006 

[80] Conroy, J., and R. Watson, “Low-voltage ride-through 

of a full converter wind turbine with permanent magnet 

generator,” IET Renew. Power Gener., 1,(3), pp.182–

189, 2007 

[81] Dai, J., D. Xu, B. Wu, and N. Zargari, “Unified DC-link 

current control for low-voltage ride-through in current-

source-converter-based wind energy conversion 

systems,” IEEE Trans. Power Electron.,26,(1), pp. 288–

297, 2011 

[82] Brahim, Mouhanned, and Jamel Belhadj. “Performance 

of PV grid-connected system under grid 

failure,” International Journal of Renewable Energy 

Research.  3(4). pp. 754-762, 2013 

[83] Tian, H., F. Gao, and C. Ma, ‘Novel low voltage ride 

through strategy of single-stage grid-tied photovoltaic 

inverter with super capacitor coupled,’ Proc. IEEE Int. 

conf., pp.1188–1192, 2012 

[84] Tian, H., F. Gao, G. He, and G. Li, “Low voltage ride 

through of two-stage photovoltaic inverter with 

enhanced operational performance,” Proc. IEEE Int. 

conf., pp.1995–2001, 2012 

[85] Varma, Rajiv K., Shah Arifur Rahman, and Tim 

Vanderheide,“New Control of PV Solar Farm as 

STATCOM (PV-STATCOM) for Increasing Grid Power 

Transmission Limits During Night and Day,” IEEE 

Trans. Power Del., 30,(2),pp. 755-763, 2015 

[86] Varma, R.K., S. A. Rahman, and R. Seethapathy, “Novel 

control of grid connected photovoltaic (PV) solar farm 

for improving transient stability and transmission limits 

both during night and day,” Proc. IEEE Int. conf.,pp.1–

6, 2010 

[87] Walling, R.A and K. Clark, “Grid support functions 

implemented in utility-scale PV systems,” Proc. IEEE 

Power Energy Soc, pp. 1–5, 2010 

[88] Albuquerque, F.L., A. J. Moraes, G. C. Guimaraes, S. 

M. R. Sanhueza, and A. R. Vaz, “Photovoltaic solar 

system connected to the electric power grid operating as 

active power generator and reactive power 

compensator,” Solar Energy,84,(7), pp. 1310–1317, 

2010 

 


