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Abstract:

Over the past decade, wind power generation (WPG) has focused on energy
generation, and much research is being done on renewable energy (RE),
especially wind energy (WE). WE guarantee environmentally friendly power
generation and help to meet national energy needs due to the declining
trend of renewable resources. In this article, various Maximum Power Point
Tracking (MPPT) techniques proposed for wind energy conversion system
(WECS) modeling control management strategies and efficient wind power
generation (WPG) from available sources have been discussed. In addition, a
comparative survey of various familiar soft methods is accorded for an easy
power system with the wind. At last, a cost-effective investigation arrived
for MPPT techniques found on (a) Saving of energy, (b) period of profit, (c)
generated income, (d) cost, (e) capacity utilization aspect, and (f) solidity.
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1. INTRODUCTION

The term “renewable energy” means energy
from a variety of sources [1]. They are all based on
self-renewable energy sources such as sunlight,
wind, flowing water, the earth’s internal warmth,
and energy crops, and biomass from agricultural,
industrial, and municipal waste. These sources can
be used to generate electricity for all sectors of the
economy, fuel for transportation and heating for
buildings, and industrial processes [2].

WE as one of the RE is an interesting method of
generating new electricity. In recent times,
especially in the last decade or so, farmyard
farming has grown and prospered. According to
the Global Wind Energy Council by the end of
2017, the world’s wind power projects reached
around 999 GW, an increase of 21.55% over 2011.
In addition, the number of wind turbines (WT) built
offshore will harvest large wind resources more

efficiently. Offshore wind power reached a historic
record in 2017 with 4,334 MW of new installations
and its combined output was 18,814 MW [3,4].

Wind power systems have become the most RE
source in the last decade due to degradation from
conventional energy sources, high costs, and
potential for environmental impact. WE is an
environmentally friendly and renewable source.
Thus, wind power generation systems could be one
of the potential alternative energy sources of the
future [5-7].

Although these benefits are known to be
environmentally friendly and renewable, wind and
PV sources can change the wind and there is a risk
of uncertainty caused by solar rays, resulting in
variable output forces. Large WT can cause the
following problems in the power grid:

e Unstable grid frequency,

e The voltage glows in the power grid bus,
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e Instability in the network for loads sensitive
to voltage fluctuations [8-10].

Recently, air pollution caused by power plants
using fossil fuels such as carbon dioxide, nitrogen
oxides, and sulfur dioxide has caused serious
environmental problems [11,12]. Pollution seed
rainfall and global warming are considered to be
the major causes of environmental pollution
[13,14]. In the USA, nonrenewable fuel source
power generating develops release about 2.2 bn
tons of CO; yearly [15]. These problems are facing
governments and other agencies around the world
to aim to increase the use of RE in power
generation. For example, China aims to generate
more than 15% of its overall electricity from
sustainable energy (SE) by 2020, including 0.42 TW
of hydropower, 0.05 TW of solar, 0.2 TW of wind,
and 0.03 TW of biomass. As presented in Fig.1,
some countries have unlike targets in the
upcoming to increase power consumption from
renewable energy sources (RES). The plant is
critical to achieving the huge increase in global
energy needs while reducing pollution.
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Fig.1. For 2020 SE targets of countries [16]

RE applications have potentially become the
agenda of the Hong Kong government in recent
years. Wind power is one of the RE Sources for this
location due to strong winds over Hong Kong
Island and the surrounding islands of the Kowloon
Peninsula. According to weather data reported by
the Hong Kong observatory, Waglan Island has an
average annual wind speed of 6.92 m/s. it is 26.3
meters above the ground and 82 meters above sea
level. The average wind speed is too high for wind
power applications [17,18].

The most frequently used wind generator (WG)
control systems [19-22] are shown in Fig.2. This
architecture relies on faster functions to obtain the
best WG performance. These functions are
generally stored in the memory of the
microcontroller. Measure the speed of WG and to

calculate the best output power and compare the
real o/p of the working group. The fault generated
is used to check the current edge. In a related
version provided by WG, the output power is
deliberate, and the object rotor speed for OP
generation is obtained according to the WG
characteristic curve of the rotor speed and the
optimal power.

Fig.2. CSB on RPM measurements [23]

The control system based (CSB) on wind speed
measurement is shown in Fig.3. Measure the wind
speed and calculate the rotor speed required to
generate maximum power. The error is generated
and is used to control the power interface by
comparing the measured speed of the rotor with
the calculated optimal rotor speed.

V1 r

Anemometer

Fig.3. CBS on wind speed measurements [19]

The implementation of an FLC-based control
system that transfers maximum power from a
WECS to a supply network is shown in [24,25]. The
controller is based on multimode approaches with
optimal power compared to the WG wind velocity
feature.

The goal of this paper is to present:

e A comprehensive survey of WECs, as well as
different kinds of existing WECs;

e Several MPPT control methods and

e Comparison of distinct WECs and MPPT
techniques.

The purpose of this article is to conduct a
comprehensive review of WEC, including the
current different types of WEC, multiple MPPT
control methods, and a comparison of different
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WEC and MPPT methods. The latest development
of WEC has introduced new generators and new
system topologies.

The paper is distributed into 4 sections. In
Section 1, the RE has been discussed. In section 2,
the methodology and different methods have been
described. Discussion about MPPT techniques with
others has been discussed in section 3. Finally, the
literature-based analysis concluded in section 4.

2. METHODOLOGY

The WECS studies have the arrangement as
shown in Fig.4. The structure contains WT, a large
amount of modular PM Generator [26,27], and a
modular rectifier system [28] as well as
controllable power electronic inverters [29,30].

|
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Fig.4. Schematic of WECS [26]

Due to changes in wind speed, variable speed
wind turbines (VSWTS) are the most important in
wind energy conversion systems (WECS) because
they can efficiently use WE [31,32]. In modern
wind farms, dual-fed induction generators (DFIG)
and VSWT-based permanent magnet synchronous
generators (PMSG) are the most popular. Fig.5a
illustrates the basic arrangement of WECS. PMSG
can improve the gearbox therefore; they can solve
all taste problems. The WE produced by the WT is
sent to the generator. The speed of PMSG is
controlled using a PWM sensor. The o/p power of
PMSG is provided to the grid throughout the
generator and grid side inverter. The schematic
figure of the WECS system based on DFIG is
presented in Fig.5b. The DFIG stator is directly
linked to the belt, and the PVWM inverter controls
the rotor of three continuous voltage sources,
which are connected to the belt on the other side.
There are various materials regarding the modeling
and control strategy of WECS switches based on
PMSG and DFIG. The power homogenization
method can be used to generate uniform power
output of all types of VSWT [33-36].
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Fig.5. WECs [31]

2.1 MPPT Techniques

2.1.1 Power Signal Feedback (PSF) Based MPPT
Technique

PSF technology depends on algorithms for
power sensor feedback without power signals and
offers many advantages over others using MPPT.
Basic training of optimal curves is required to
determine optimal efficiency through this MPPT
method [37-40]. The diagram of the basic PSF
block is shown in Fig.6. The PSF method uses a
reference force, which is the maximum force at a
given wind speed. This has caused problems
because prior knowledge of WT properties and
wind speed measurements is required.

Mechanical Turbine Power

Lookup
Table

i Rotational Speed

Rotor Speed

Fig.6. Basic block diagram of PSF [37]
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2.1.2 Tip Speed Ratio Based MPPT Technique

Tip speed ratio (TSR) based MPPT technique is
an easy technique as wind movement is predicted
straight and continuously experimentally can be
considered. The best TSR for a specific WT is
determined independently of the wind speed.
However, Fig.7 illustrates, the wind speed is
measured to get the optimal rotor speed above
the optimal end speed level. The prediction
method is based on the repulsion of the auxiliary
vector, with the aid of obtaining the approximate
wind speed with the power and speed of the WT.

Rotor
Speed

Rotor Speed

—

Fig.7. Basic block illustration of TSR [41-42]

TSR control suggests the best efficiency with
quick response and high effectiveness. The exact
wind speed cannot be measured. The perfect
anemometer is costly and raises the price in the
system [40].

TSR can be expressed as follows;

TSR=A=2 (4)
v

where,

- W =rotor tip speed,
-V =wind speed and
- r=rotor radius [43].

2.1.3 Optimal Torque Control (OTC) Based
MPPT Technique

This technique is illustrated in Fig.8. The basic
principle of this technology is to adjust the torque
of the power generator from the desired wind
turbine speed (WTS) to the optimal energy
reference torque.

Turbine performance can be expected as a
function of the final speed and the ratio of TS [44-
46]. Therefore, the optimal torque equation can be
written to get wind speed. We know that:

1 53 1
Ptiopl = zﬂ,z Ip R [ C piopt;Ttiopt = Pliopta

(1)

1 2
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Fig.8. OT control method

Where equation 2 is the OT curve analytical
expression and can be utilized as mechanical
torque control. The authors in [47] report that
there is not much difference between the MPPT
controller and the OTC-based MPPT controller in
terms of power and complexity. The OT control
method is efficient, fast to operate, and simple to
plan. OTC does not smoothly forecast WS, so its
efficiency is slower than TSR [48].

2.1.4 FLC Based MPPT Technique

To adopt fast response and low oscillation near
MPP, FLC is used for the MPPT algorithm without
the need for precise WECS mathematical modelling.
However, designers still need better knowledge to
determine the appropriate surface error,
membership function level, and the choice of the
underlying base layer with large storage space
requirements [49-53].

Aerodynamic torque monitors and speed are
used as input (i/p) values of FLC-based MPPT
shown in Fig.9. The other two input parameters
and ATa and Awm can limit the difference in
speed and torque. These i/p parameters are
changed into a pre-defined devoted function and
sent to the FLC. FLC uses empirical rules and
interference elimination methods to calculate the
output parameter, which is the output torque.
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Fig.9. FLC-based MPPT Technique of WECS [50,54]

3. DISCUSSION AND COMPARATIVE ANALYSIS

The proposed technology is compared with the
three traditional MPPT techniques that have been
discussed in Table 1. The presented MPPT
technology has the key supremacy of ordinary
MPPT techniques. Anemometer has not required
distinct a TSR method due to expensive and not
being used in small WECS. Speedy tracking
performance is like ORB control but does not need
prior system knowledge. In addition, it can be
updated online by running more P&O like training
methods without switching MPPT.

Table 1. Comparison with conventional MPPT Techniques

Through the above study of distinct MPPT
technologies, a comparison Table 2 is developed in
terms of complication, speed convergence, sensor
required for wind speed, performance, and
memory requirement. The key goal of the MPPT
technique is to follow the optimal power point of a
VSWT. Selecting the right MPPT technology is a
difficult job. In comparison, algorithms based on
PSF, OT, and TSR are uncomplicated and quick, but
they increase the confined mechanical wind energy
as a substitute for electrical o/p energy. The tip
speed ratio controller has high efficiency, quick
response of speed, and good performance. Due to
storms and turbulence, an accurate anemometer is
required, which is expensive and adds extra cost to
the system, especially for small-scale WECS.

Since the wind speed near the turbine is
different from the speed of the free flow, the
practical application of this algorithm is very
difficult. Though, it does not exactly measure the
speed of wind (WS), so the change in WS cannot be
immediately and extensively reflected on the
indicating torque, which builds the efficiency of
this technique lower than that of the TSR
technique. OT and PSF techniques are roughly the
same in terms of performance and complication.
This technique affords WECS with powerful and
economical control of MPPT.

Techniques Oscillation at | Pre knowledge | Anemometer Speed Updating
MPP System Tracking Online
P&O Yes Not Essential No Slow Yes
Optimum
Relationship No Essential No Fast No
Based (ORB)
Tip speed ratio No Essential Yes Fast No
Proposed Method No Not Essential No Fast Yes
Table 2 Comparative analysis of distinict MPPT Techniques
Sensor Performance
Techniques Speed Complication Online Required for | Requirement under Ref.
Convergence updating | Wind speed of Memory | flexible wind
environment
TSR Quick Uncomplicated X v X Moderate [49]
oT Quick Uncomplicated X X X Moderate [50]
PSF Quick Uncomplicated X v v Moderate [55]
FLC Normal Huge v Depénds v Very-Good [56]
NN-based | Normal Huge v Dépends 4 Very-Good [57]
MVPO Slow Huge v x X Good [58]
ORB Normal Uncomplicated X X X Moderaté [59]
INC Slow Uncomplicated v X X Moderate [60]
P&O Quick Uncomplicated v Depends X Very Good [61]
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4. CONCLUSION

This article analyzes the MPPT techniques for
WECS based on a review of the literature. During
the training mode, the technology quickly
improves the optimum amount of DC output
voltage and DC current. It is recommended to use
advanced P&O methods to abolish the influence

of wind conditions. Then, manage the system
based on these good relationships. The suggested
MPPT technology does not need anemometer /
prior system knowledge, but can accurately and
quickly respond to wind speed. In addition, the
proposed technology can be enhancing to include
systems with unusual topologies.

Nomenclature

Abbreviation

WPG wind power generation FLC fuzzy logic controller

RE renewable energy VSWTS variable speed wind turbine
WE wind energy DFIG dual fed induction generator
MPPT maximum power point tracking PMSG permanent magnet

WECS wind energy conversion systems synchronous generator
WPG wind power generation PWM pulse width modulation

WT wind turbine PSF power signal feedback

SE sustainable energy TSR tip speed ratio

RES renewable energy source oT optimal torque

WG wind generation TS turbine speed

CSB control system based ORB optimum relationship based
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