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ABSTRACT

Due to growing power demand and environmental concerns, electrical power generation from renewable is
receiving more attention. Wind energy generation systems are being connected in increasing numbers to power
systems worldwide. With the development of wind energy and power electric control technology, more wind farms
are integrated into power grids. While wind turbine systems improve the stability and power quality of systems,
several new problems are introduced in power grid. Integrating renewable into grid to any considerable degree
can expose the system to issues that need attention. Such issues can be (MPPT) Maximum Power Point Tracking,
Power Quality Issues, Power System Stability .This paper provides an overview to the relevant latest research
issues related to the integration of wind farms. This paper presents a critical survey on grid integration issues of
wind farms. This paper shows an overview of relevantly latest achievements on this area and categorized them
into different research directions.
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I. INTRODUCTION

With the progress of society, the importance of energy, especially electric energy, has become more
significant in 21st Century. However, the development of electric industry has been seriously restricted
by the shortage of primary energy and the expansion of traditional power plants may also increases CO2
emission that consequently causes serious environment problems. Under this situation, the exploitation
of wind energy which provides new solutions to the contradiction between economic development and
environment pollution has been inevitable.

Before the late 1990s, most wind turbine manufacturers built fixed-speed wind turbines systems
(FSWTSs) using a multistage gearbox and a standard squirrel-cage induction generator, directly
connected to the grids [1]. However, the FSWTS is designed to maximum efficiency at the particular
wind speed and induction generators consume reactive power when connected with grids [2]. Since the
late 1990s, most wind turbine manufacturers have changed to variable speed wind turbines. [3] Because
a power electronic converter is used to help generators connected with grids, much more flexible control
could be implemented to achieve better performance such as tracking maximum power point and
producing reactive power [2].

While more variable-speed generators are installed in wind farms, several new problems are introduced
in power systems. How to evaluate the performance of power systems under high wind power
penetration conditions has newly become a hot topic for researchers. This paper provides an overview
to the relevant latest research issues related to the integration of wind farms with variable speed wind
turbines (VSWTS) into power systems.

The common type of wind power generators in use are squirrel cage induction generator (SCIG), doubly
fed induction generator (DFIG) and synchronous generator with full scale power electronic converter
[4]. For more secure operation, the wind turbine generation should be more grid friendly [5]. This study
deal with different aspects of grid integration of wind farms. This paper is organized as follows; Section
2 presents an overview of different research areas which have been examined in more detail in past.
Results and discussions are elaborated in section 3. Conclusions are drawn in Section 4.
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Il. RESEARCH AREAS IN WIND POWER INTEGRATION

The study in this paper reveals that the topics, like stability analysis, maximum power point tracking,
low voltage/fault ride through capability, DFIG operation under network unbalance, contribution of
DFIG for frequency control and DFIG as reactive power ancillary service etc. have been extensively
studied by researchers. The other areas which are also in focus are reliability assessment, grid
synchronization, impact of wind power generation on power system operation and control, planning
and operation of offshore wind farm, wind energy economics, hybrid wind power systems.

2.1 Power System Stability and Grid Integration

According to the classification of power system stability in reference [6], power system stability could
be categorized into voltage stability, frequency stability and rotor angle stability [7-9]. VSWTSs have
the ability to control reactive power and decouple active and reactive power control through electronic
converters. Thus, the voltage stability of power systems is improved. Besides that wind energy could
be restored as rotating kinetic energy in blade and hub, and then released by VSWTSs if necessary. So
the frequency stability of grids could be enhanced temporarily. Although the system stability is
improved, the complexity of the whole system is increased by affiliated control system of VSWTSs.
How to evaluate the impact on system stability with VSWTSs has become one of the hotspots of current
wind power research. Fig. 1 presents a block diagram for the main components of a general
configuration of wind-farms.
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Figure 1. Main Components of a Wind-farm

With large penetration level, wind power will influence the stability and dispatch of power system due
to its fluctuating nature. It is necessary to investigate the key issues caused by large scale wind power
integration into power system. The requirements (Grid codes) for wind farm interconnection are given
in [7]. A model of DFIG based system for transient stability studies is developed in [10]. The effect of
adding a 100 MW DFIG based wind farm on a weak transmission system is studied in [11]. The rise in
steady state power transfer capacity of a transmission line is 17% due to wind power as reported in [12].
The use of STATCOM for improving stability of SCIG and DFIG based wind systems is studied in
[13]. A reduced order DFIG model for stability analysis is proposed in [14]. A detailed model to study
power quality of a grid is proposed in [15]. A generic model of controller that uses particle swarm
optimization is proposed in [16]. The use of TurbSim, FAST and Simulink for stability analysis is
reported in [17]. In [18] the influence of various model parameters of DFIG based wind farm on
transient responses is studied. A FACT based controller to suppress the effect of sub-synchronous
resonance in series compensated power system containing induction generators is studied in [19]. A
linearized model for DFIG based wind power plant connected to a series compensated transmission line
is proposed in [20]. It is proposed in [21] that a wind farm can be modeled in a way similar to the
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conventional generator for steady state analysis. A control scheme for rotor side converter of DFIG to
damp inter-area oscillations is proposed in [22]. A method wherein the adjustment of the magnitude of
the rotor voltage vector and its phase angle employed for the control of terminal voltage and power is
proposed in [23]. The contribution of WFs to short circuit current at HV substations, due to three phase
faults is discussed in [24]. The effect of increased wind power penetration on inter—area oscillation
damping is studied in [25]. An operational feature of ABB make STATCOM for DFIG based wind farm
is studied in [26]. The effect of stator resistance on the magnitude and phase angle of the resultant
optimal rotor excitation voltage is examined in [27]. A simplified model to evaluate the error in the
estimated rotor position and to perform a local stability analysis of a system is discussed in [28]. An
analysis of sub synchronous resonance in series compensated wind farm is reported in [29]. The WECS
considered for analysis consist of a DFIG driven by a wind turbine, rotor side converter and grid side
converter, as shown in Fig.2.

Turbine Rotor Side Grid Side
Converter C t
, onverter
—>
— [
> o | _C | o
— —1 Rotor T
— Drive ry 7Y
Wind i : :
A Tran V, Ve
: Induction ' :
Generator
Control System

Pitch Angle AC Grid
Figure 2. Wind Energy Conversion System with DFIG and Conventional Converters

2.2 Maximum Power Point Tracking (MPPT) Method

Broadly, the MPPT techniques may be categorized in five types. The above said five types have their
own merits and demerits. A comprehensive survey further classified the MPPT algorithms into eight
categories. These categories are based on the methodology employed in generating the reference signal
and technique involved. In Fig 3, the classification of MPPT algorithm [30-32] is given.
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Figure 3. Five types of MPPT Techniques

2.2.1 The lookup table space based
It is the most extensively used technique. Traditionally, the most popular approach is the Power Signal
Feedback (PSF) [33]-[34]. It uses either a 2-D lookup table with the maximum power in the ordinate or
a mapping function employing the product of the cube of measured generator speed with the optimum
proportionality constant. The second commercially employed lookup table MPPT is the Tip Speed Ratio
(TSR) control. It needs an anemometer to measure the wind speed. To convert the wind velocity
measurement into its corresponding reference for optimal generator speed, the pre-known value of the
optimal TSR is also necessary [33]-[34].
2.2.2. The State Space Linearation and Nonlinear State Space Based
These techniques find its applications in the field of nonlinear control problem [35], shows the
combination of feedback linearation with optimal control theory, whereas [36] employs feedback
linearation theory with sliding mode control. TSR control technique is given in [37]-[38]. This
technique along with input-output feedback linearization is used to reduce or eliminate the effects of
nonlinearity. This deals with a disturbance observer. It gives the estimation of uncertainties through
feedback linearization. Numerous papers used the sliding mode or passivity based Variable Structure
Control (VSC) [39]-[43].
2.2.3. The Neural Network-Fuzzy Logic Based
With the advancement in microcontroller technology, Neural Networks (NN) [44]-[50] and Fuzzy
Logic Control (FLC) have become popular in wind maximum power control. In [51]-[59] FLC it is
used either independently or along with other methods for MPPT applications. Generally FLC has
three stages [60].
2.2.4. The Hill Climbing Based
The hill climbing based is another type of MPPT technique. Hill Climb Search (HCS) [61]-[71]
involves a perturbation in reference or control variable (generator speed or duty cycle) and observing
the change in power. Fig.6 shows that incrementing (decrementing) the generator speed (or terminal
voltage) increases (decreases) the power when operated with left of the MPP and decreases
(increases) the power when on the right
2.2.5. The Modified or Hybrid HCS/Look up Table Techniques
Among the different techniques discussed in the previous section, the lookup table based MPPT and
HCS are most feasible MPPT techniques. Therefore the majority of the research papers on MPPT are
written on the modified or hybrid version of HCS and PSF. Here, those research papers are presented.
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2.3 Power Quality Issues

Approximately 70 to 80% of all power quality related problems [72-74] can be attributed to Power
frequency disturbances, electromagnetic interference, transients, harmonics and low power factor are
the other categories of PQ problems that are related to the source of supply and types of load. Among
these events harmonics are the most dominant one. The effects of harmonics on PQ are specially
described according to the IEEE standards, harmonics in the power system should be limited by two
different methods; one is the limit of harmonic current that a user can inject into the utility system at
the point of common coupling (PCC) and the other is the limit of harmonic voltage that the utility can
supply to any customer at the PCC. Again, DG interconnection standards are to be followed considering
PQ, protection and stability issues.

The impacts of poor quality are usually divided into three board categories: direct, indirect and social.
A detail of these impacts has been described in [75-76]. A recent survey based on interviews and web
based submission, conducted over a 2-years period in 8 European countries, and has been reported in
[77]. Survey reported PQ costs due to the effect of voltage dips and swells, short & long interruption,
harmonics, surges and transient, flicker, unbalance, earthling and electromagnetic compatibility (EMC)
problems. It is found that the annual cost of wastage cause by poor PQ for EU-25 according to this
analysis exceeds 150bn where industry accounts for over 90% of this wastage. Dips and short
interruptions account for almost 60% of the overall cost to industry and 57%for the total sample the
study also shows that the economic impact of inadequate PQ costs industry and services sector some
4% and 0.15% of their annual turnover. At the same time it is necessary to consider the impact of DG
in terms of cost of power Quality in [78-83].

I1l.  RESULTS AND DISCUSSION

This paper investigated the references on various grid integration issues applied to wind systems from
1981 to 2016. Eighty papers were collected from different proceedings, journals and international
conferences. The guantitative and qualitative analysis among various research areas has been made.
Fig. 4 shows number of papers reviewed in various years from 2000 to 2016. Fig. 5 shows the ratio of
papers reviewed on each approach to the total number of papers. As shown in Fig. 5, MPPT technique
offers the greatest share in the total number of papers written since 1981 till date on research areas in
wind power integration. Hence, for solving the problem of controlling wind energy, MPPT technique
is the most popular method.

No. of Papers
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Year

Figure 4. Number of papers reviewed
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Figure 5. The ratio of papers reviewed on each approach to the total number of papers.

IV. CONCLUSION & FUTURE SCOPE

Wind energy has developed over past 25 years and it will probably continue to advance over the next
20 years. However there are still a number of issues associated with integration of wind farms into
power systems. This paper has provided an overview of the relevantly latest achievements on this area
and categorized them into different research directions. Among them, according to the statistics results
of papers published in important international journals, the improvement on voltage and frequency
stability, the influences on power quality, and the coordination with energy storage utilities are the
hottest topics in this area. This paper has critically reviewed the different aspects of grid integration.
Even though there are many ways to deal with grid integration, more research is needed to determine
the most effective approach for specific situation. Due to state of art power electronics technology, wind
power systems have the capability to support and contribute on grid stability. Authors of this paper will
pay more concerns about these directions in future. The overall operation of grid integration issues of
wind farm is again a big challenge and researchers have to show a rapid growth in this area.
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