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region. Due to the increasing number of RPGSs connected to the utility grid, power quality, safe operation,
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and islanding protection of RPGSs are becoming important issues, among others. One of the most impor-
tant elements is the current control technique that must meet the requirements for grid interconnection
according to international standards and practices. The RPGS itself must be safe and highly efficient for
reliable and secure grid interconnection operations. This paper presents a review of the state-of-the-
Grid-connected inverter art of thg current conFrol techpiqugs for t_hree—phase grid—inteljconnection of RPGS§. Several current con-
Renewable power generation systems trol architectures, their operations including advantages and disadvantages were discussed. Performance
(RPGSS) comparison and evaluation of several controllers were also reviewed.

Low-voltage-ride-through (LVRT) © 2016 Elsevier Ltd. All rights reserved.
Grid synchronization

Harmonic distortion

Keywords:
Current control strategies

Contents

B U o e L Tot o o) U PP 30
2. Current control structures for RPGS and grid-interconnection iSSUES. . . . ... v ittt et ettt et ettt e e et et ettt 31
2.1.  Linear control for grid-connected RPGS. . . .. ... ottt et ettt e ettt e e e e e e 31
2.1.1.  Proportional-integral (PI) CONtIOLIOT . . . . . ..ottt ettt ettt et e e e e e e et ettt ettt et e 31

2.1.2.  Proportional-resonant (PR) CONtIOIIET. . . . . ... ittt it it it e ettt ettt e i i 32

2.1.3.  Repetitive current (RC) CONIOIIET . . . . ..o\ttt ettt ettt e e e et ettt et et ettt et et e e e 33

2.2.  Nonlinear control for grid-connected RPGS. . . . ... .ttt ettt et ettt ettt et e et e 33
2.2.1.  Dead-beat (DB) CONMLIONIOT . . ..ttt ettt e ettt et e et et e et et et e e e e e et e e 34

2.2.2.  HySteresis COMLIOLIET. . . . o\ o ottt ettt ettt et e e e e e e e et ettt e e e e e ettt ettt e 34

2.2.3.  Predictive CONTTOIIOT. . . .. oottt et et et et e et e e e 35

2.3.  Analysis of cUrrent CONEIOL SEIUCLUTES . . . o . vttt ottt e et et e e e e et e et e e et e ettt e e et e e e ettt et ie e eanns 35

2.4, POWET QUAlIEY ISSUS . . o\ ittt ittt ettt e ettt e e e e e e e e e e 35
241, CUITeNt NAIMIOMICS . . . ottt ittt ettt e e e et e e e e e e e e e e e e et e e e e e e e e e e e e e e 35

2.4.2. Harmonics compensation of RPGS using Pl CONtrollers . . . ... ...ttt ettt e e ettt et et et iaans 36

2.4.3. Harmonics compensation of RPGS using PR CONtIOIIers. . . ... ..ottt et e e e ettt et e iaens 36

2.4.4. Harmonics compensation of RPGS using nonlinear controllers. . . ....... ...ttt ittt et inenn 36

2.4.5. Harmonic compensation of RPGS at the point-of-common-coupling (PCC) .. .......outitntn ettt 36

B T b LGl 10 /=) s Ui = o) o IS 36

2.5.  Voltage and freqUeNCY Variation ISSUES . . . . .. ..t ittt e e ettt et et e e ettt e e e 36
2.5.1. Network voltage support through reactive power CONtrol. . . . ... ... .ttt ittt e et e e eiaans 36

2.5.2.  Frequency supports through active pOWer CONtIOL. . . .. ... .. .ttt ettt e et ettt ettt eiaans 36

2.6.  Grid synchronization teChNIqUE . . . .. ...ttt et e e ettt e et e e e e e e e 37

3. Performance comparison of different CONtrOllers. . . . .. ... .ttt e e ettt e e e e e 39

* Corresponding author.
E-mail address: fathi@um.edu.my (M.F.M. Elias).

http://dx.doi.org/10.1016/j.solener.2016.05.029
0038-092X/© 2016 Elsevier Ltd. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.solener.2016.05.029&domain=pdf
http://dx.doi.org/10.1016/j.solener.2016.05.029
mailto:fathi@um.edu.my
http://dx.doi.org/10.1016/j.solener.2016.05.029
http://www.sciencedirect.com/science/journal/0038092X
http://www.elsevier.com/locate/solener

30 M. Parvez et al./Solar Energy 135 (2016) 29-42

3.1.  Steady-state performance..............c..oiiiiiinnann..
3.1.1. dg-control ........ ... . ...

312, af-control. ...

3.13. abccontrol ...

3.2. Transient performance ...............o i,
3.2.1. Normal operating condition. .....................

3.2.2. Single-phase grid fault..........................

4. Comparison of current controllers ............................
5. ConClUSION . ..ottt e
Conflict of interest. . . . ...ttt e e
Acknowledgments . . ........i it e
References ... ... ...t e

1. Introduction

Global energy demand is rapidly growing and presently meet-
ing the future energy demand becomes a major concern world-
wide. To meet energy demand, fossil fuels have been used as the
primary energy sources since many years ago. However, fossil fuels
emit greenhouse gases that highly affect the environment and
future generation (Cao, 2014; Du et al, 2013; Hasanuzzaman
et al., 2012; Hasanuzzaman et al, 2011; Hosseini and Abdul
Wahid, 2014; Islam et al., 2014; Unal et al., 2015; Yang et al.,
2001; Yu et al., 2010). For this reason, alternative sources of renew-
able energy such as solar, wind, hydro, biomass and geothermal are
getting popular. Grid-connected power converters are becoming
more and more essential to supply clean power generation to the
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Fig. 1. Renewable energy capacity growth rates, 2006-2014 (IEA, Global Energy
Trends, 2014).
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grid. However, concerning the power system stability, the quality
of power being delivered from the renewable energy sources to
the utility grid has become a very significant issue.

Today’s advanced developments in power conversion technolo-
gies enable distribution of renewable energy sources such as wind
and photovoltaic (PV) power to the grid (Alepuz et al., 2006;
Chung, 2000; Du et al., 2013; Hosseini and Abdul Wahid, 2014;
Negroni et al., 2005; Tajuddin et al., 2015). Fig. 1 shows the average
annual growth rates of renewable energy capacity in the world
between 2006 and 2014. A total of 370 GW wind power and 177
GW solar/PV power have been installed worldwide by the end of
2014, as shown in Fig. 2(a) and (b) respectively. Fig. 3 shows the
total installed capacity worldwide by the top ten countries in 2014.

In general, interconnection of distributed or renewable power
generation systems (RPGSs) to the grid must satisfy the standard
requirements on voltage support, frequency support, low voltage
ride through, and current harmonics (Bao et al., 2013; Hao et al,,
2012; IEEE Recommended Practices and Requirements for
Harmonic Control in Electrical Power Systems, 1993; Lauria and
Coppola, 2014; Marrekchi et al., 2015; Prudenzi et al., 2001;
Schwartfeger & Martin 18-20 June, 2014; Tajuddin et al., 2015;
Vite Frias et al., 2014; Zhang et al., 2015). Grid voltage can be sig-
nificantly affected by large power injection from RPGSs to the util-
ity grid network. Provision of voltage and frequency supports by
RPGSs through active and reactive power control must tackle both
steady-state and dynamic network operations (Schwartfeger &
Martin 18-20 June, 2014; Bao et al., 2013; Vite Frias et al., 2014).
Steady-state operation refers to the response of RPGS to the slow
variation in grid parameters such as voltage and frequency.
Dynamic operation refers to the fast response provided by RPGSs
in dealing with large variations in grid parameters that may col-
lapse the utility network (Bao et al., 2013; Hao et al., 2012). Some
interconnection standards require dynamic support in terms of
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Fig. 2. Installed capacity in the world by end of 2014 (IEA, Global Energy Trends, 2014). (a) Wind energy and (b) solar/PV energy.
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