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ABSTRACT 
 

Traditionally, electricity has been produced at massive central power plants and distributed to consumers via 
transmission and distribution systems. However, dispersed generation is quickly becoming the norm. It is 
called distributed generation when several individual generators are linked together at the distribution level, 
near the end user. However, this raises new research questions for engineers to consider. Protection and 
control, self-excitation, and isolation are only a few examples of the difficulties that can arise. In order to 
investigate these concerns thoroughly, engineers must first configure the foundational simulation model to 
correctly reflect the distributed generation system. Various renewable energy sources, including wind tu- 
bines (Type 1 with soft starter capability and Type 3 based on a synchronous generator), solar panels (Pho-
tovoltaic Array), and small hydroelectric dams (Synchronous Generator), are evaluated and rated for use in 
the construction of a microgrid. Here hierarchical methods with heuristic techniques such as harmony search 
algorithm, simulated annealing algorithm are considered and these algorithms based optimized controllers 
are used for controlling the real and reactive power of various energy sources.  This model was created 
digitally using PSCAD/EMTDC. 
 
Keywords: hierarchical methods, multiple energy sources, protection, heuristic techniques, optimized con-

trollers, simulation. 
 
1. INTRODUCTION  
 

In recent years, renewable energy sources 
(RES) have gained widespread recognition as viable 

solutions for meeting the electrical demands of mi-
crogrids [1]. Researchers and specialists in the field 
of electrical energy have recently become more in-
terested in the design and development of microgrids 
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that are powered by renewable energy sources. Tra-
ditional energy sources (nuclear, coal, oil, and gas 
based) have higher operating costs than renewable 
ones (wind, solar PV, fuel cells, biomass, etc.). Be-
cause of their low environmental impact, smart and 
microgrid developers and planners give preference 
to renewable energy sources. Since people are start-
ing to worry more about the environment and using 
more electricity, renewable energy sources have 
risen to the top of the energy food chain. Microgrids 
allow for the incorporation of decentralized energy 
sources that are inherently more reliable. The bus 
voltage determines whether a microgrid is catego-
rized as AC, DC, or hybrid. The AC vs. DC power 
dispute has been going on for as long as there have 
been power grids. When compared to an AC mi-
crogrid, DC microgrids have many benefits. DC mi-
crogrids allow for the integration of most renewable 
sources, including solar PV, with fewer stages of 
conversion. Capturing and storing energy 

Elements connected to a DC microgrid will 
only need a single DC-DC converter. Consequently, 
a DC microgrid will improve overall efficiency more 
than an AC microgrid. In addition, LV DC mi-
crogrids have the added benefit of reducing the po-
tential for harmful electric shock. DC power is used 
by the vast majority of today's electronic loads, in-
cluding LED lighting, telecommunications gear, 
electric vehicles (EVs), and heating, ventilation, and 
air conditioning (HVAC) systems. DC microgrids 
are widely used in commercial and government 
structures, data centers, telecom and broadcasting 
hubs, spacecraft, ships, rural electrification systems, 
and electric vehicle charging stations. Even though 
DC microgrids appear promising, their development 
is hampered by the lack of codified standards and 
regulations. 

For a DC microgrid [2] powered by an un-
reliable energy source, energy management and con-
trol are crucial. In the face of a wide range of disrup-
tions, the microgrid can continue to function reliably 
for an effective energy management and control ar-
chitecture. In this paper a bus is connected with 
Wind turbine of Type 1 kind with soft-starting capa-
bility, Solar Energy (Photovoltaic Array), Synchro-
nous Generator (Small Hydro), Type 3 DFIG based 
Wind Turbine [3].  

 
2. ENERGY SOURCES 

In these days power usage has increased a 
lot and if it is to be reached to load then controlling 
and maintaining quality is very important and quality 
without interruption is required for this purpose we 
use different renewable energy sources, some of 
them are discussed here. 

2.1 Solar Energy (Photovoltaic Array): 
The term "solar energy" is used to describe 

power that is de-rived from the sun. With the use of 
a photovoltaic cell, solar energy can be directly 
transformed into electricity via the photo voltaic ef-
fect (PV cell) [7]. When it comes to distributed gen-
eration, solar energy with PV cells is a close second 
to wind power. Microgrids often employ PV arrays 
as its DER components. In Fig. 1, we see a simplified 
equivalent circuit model of the cell module's electri-
cal behaviour. Equation gives the current drawn 
from a PV module. 

 
Fig1:  Equivalent circuit of PV module 
 

𝐼 = 𝐼 − 𝐼 =  𝐼 −  𝐼 [exp
𝑉 + 𝐼𝑅

𝑛𝑉
− 1] 

Where as 
I= output current of PV module(A) 
Id = diode current (A) 
Isc= short circuit current of PV module(A) 
Io= diode saturation current(A) 
V = terminal voltage of PV module (V) 
Rs = series resistance(ohm) 
n= ideal constant of diode (1~2) 
VT = thermal potential of PV module(V) 
A DC/DC converter is typically connected to a pho-
tovoltaic array, and its job is to increase the array's 
output voltage by an appropriate amount. The maxi-
mum power point tracking (MPPT) function is an 
example of an advanced and optimized technique 
that might be implemented for a PV array through 
the control of a DC/DC converter. Here in this paper 
hierarchical methods are used to get optimized out-
put. Other potential applications include dynamic 
voltage and current control. An inverter is required 
to change the direct current (DC) output of a PV ar-
ray into alternating current (AC) output before the 
PV array can be connected to an AC grid system. 
Studies on microgrids are being conducted, and 
these studies require either hardware test facilities or 
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software simulation testbeds. This is due to the fact 
that the microgrid is a novel and developing concept. 
In this paper this solar panel developed in PSCAD is 
 shown in fig 2. 

 
Fig 2 solar panel 

 
We are able to conduct additional research 

and studies on microgrids as a result of implement-
ing a simulation model of a microgrid that includes 
models of renewable energy sources. 

 
2.2 Wind farm: 

A device that is capable of converting the 
kinetic energy of wind into electrical energy is called 
a wind turbine. There are presently over 650 giga-
watts of power being produced by hundreds of thou-
sands of big turbines that are installed in locations 
that are known as wind farms. Each year, an addi-
tional 60 gigawatts of power is added.  Wind turbines 
are becoming an increasingly important source of in-
termittent renewable energy. These turbines are em-
ployed in many nations to minimize reliance on fos-
sil fuels and to bring down the overall cost of energy 
production [6]. 
2.2.1 Wind turbine of Type 1 kind with soft-
starting capability:  

The great majority of wind turbines across 
the globe are fitted with induction generators that are 
able to connect to the grid. It is recommended to em-
ploy single phase or three-phase squirrel cage rotor 
type induction generators rather than synchronous 
generators due to the cost-effectiveness, robustness, 
compactness, ruggedness, low inertia, and the re-
quirement for minimum maintenance offered by 
these types of generators. Three-phase induction 
generators see widespread application in the field of 
large-scale distributed power delivery. 

Wind turbines with an induction generator 
that are directly connected to the supply must typi-
cally have a soft starter installed in order to limit the 
massive inrush current to the supply and to connect 
the system smoothly to the grid without causing 

massive mechanical shocks or vibrations that could 
damage the gear box, bearings, and couplings. It em-
ploys a soft starter that is based on thyristors. The 
generator has a capacity of 25 kVA and has a line 
voltage of 0.6 kV and a frequency of 60 hertz (Hz). 
The input torque (T=0.8 PU) to the generator is a 
representation of the wind turbine shown in fig 3 as 
PSCAD model.  

Fig 3: Type1 wind turbine (soft starting capability) 
 
2.2.2 Wind Turbine Based on Type 3 DFIG: 

This particular wind turbine utilizes a dou-
bly-fed wound-rotor induction generator and has 
changeable speeds. Wind turbines typically make 
use of a device known as the doubly-fed induction 
generator (DFIG), which combines the back-to-back 
converter with itself. The turning speeds of tradi-
tional wind turbines are predetermined, however 
DFIG technology makes it possible for wind turbines 
to operate at a wide variety of speeds. The back-to-
back converter is attached to the rotor of the DFIG, 
and its job is to provide currents of changing fre-
quencies to the rotor so that the DFIG can achieve 
the speeds that are wanted for the rotor. This appli-
cation note presents a demonstration of the utiliza-
tion of a back-to-back converter controller in con-
junction with a DFIG wind turbine [8]. The simula-
tion instances that are described in this document 
cover the dynamic reaction of DFIG throughout the 
process of turbine braking and to variations in wind 
speed.  

The power that the wind possesses in the 
form of kinetic energy is denoted by the symbol Pv 
and can be calculated as follows: 

𝑃 =  
1

2
𝜌𝜋𝑅 𝑉  

Where 
Vv   is the average wind speed in the swept area 
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 A= πR2, R is the diameter is the rotor blade and  
ρ is the air density.  
In this paper the generator has a capacity of 100 kVA 
and has a line voltage of 0.6 kV. It has a frequency 
of 60 hertz and operates at that voltage. The input 
torque, denoted by T = -0.25 PU, to the generator is 
a representation of the wind turbine. Reactive power 
can be given to the machine through the rotor by uti-
lizing power electronics in some configurations. As 
a result, there is no requirement to pull any reactive 
power from the system while it is starting up 
2.3 Synchronous Generator (Small Hydro): 

The mechanical energy produced by the 
turbine is transferred to the electric generator, where 
it is transformed into electrical energy. The rotor and 
the stator make up the two primary elements that 
make up the generator. The mechanical torque that 
is delivered by the turbine shaft is applied to the ro-
tor, which is the spinning component that makes up 
the rotor. Magnetizing the rotor, also known as "ex-
citing" it, causes a voltage to be induced in the com-
ponent that is stationary, known as the stator. The 
exciter-regulator is the primary control mechanism 
of the generator. It is responsible for setting the out-
put voltage and maintaining its stability. Except in 
cases when the generator is geared with a speed in-
creaser, the speed of the generator is decided by the 
selection of the turbine. In general, for a given 
amount of power, a decrease in speed will result in 
an increase in the physical size of the generator as 
well as an increase in its overall cost [9]. 

A tiny hydro turbine is used to drive a syn-
chronous generator, and the turbine is set up to func-
tion at its rated conditions from the beginning. The 
governor is responsible for regulating the quantity of 
power that is produced by the turbine. The line volt-
age of the synchronous generator is 0.6 kV, and the 
frequency of the generator is 60 hertz. The generator 
has a rating of 0.12 MVA. An exciter, which is re-
sponsible for magnetizing the device, is connected to 
the field windings of the machine. As a result, the 
system will not have any reactive power extracted 
from it. 

 
Table 1 real and reactive power initialization 

 
Energy sources P(KW) Q(KVAR) 

Type1 WT 19.34 26.17 
Type2 WT(DFIG) 59.82 7.644 

Solar Power 21.83 0.302 
Synchronous Gen 90.92 39.54 

 
 

3. DESCRIPTION OF THE PROBLEM 
  

Fig 4 schematic with connections 
 

The environment, the economy, and tech-
nology all stand to benefit from the use of microgrids 
is shown in fig 4. The utilization of RES leads to a 
reduction in both the carbon footprint and other 
emissions caused by the combustion of fossil fuels. 
The reduction in losses and emissions brings about a 
general cost savings across the board. On the other 
hand, the technological benefits include supplying 
electricity to previously powerless areas and lower-
ing the likelihood of power interruptions occurring 
[10].  

The grid following inverters are current-
controlled sources that regulate the power output by 
sensing the grid voltage angle through the utilization 
of the Phase-Locked Loop (PLL). They do nothing 
more than adhere to the grid angle or the grid fre-
quency. Therefore, they must function in a mode that 
is connected to the grid or utilize a DG unit that is 
capable of regulating the voltage and frequency of 
the microgrid. Grid forming inverters, on the other 
hand, are voltage-controlled sources that regulate the 
voltage and frequency output of the microgrid; as a 
result, they are able to be operated in islanded mode. 
The grid forming sources serve to lessen the depend-
ency of frequency dynamics on the mechanical iner-
tia that is present in the system, which in turn con-
tributes to the grid's increased stability. In order to 
extract the frequency and voltage commands from 
the measured active and reactive power from the DG 
unit, droop control is typically utilized in grid-form-
ing inverters. These inverters then employ these 
commands to manage the output voltage and fre-
quency 
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For this paper a 0.6KV bus is considered, 
where utility grid is utilized, to help get us to a more 
sustainable energy system, we've created a hierarchy 
of energy sources called the Energy Hierarchy. It 
takes a sequential, waste-hierarchy-like method to 
reducing resource consumption. Prevention of 
wasteful energy use is a top priority, and this can be 
achieved through increased energy efficiency and 
the reduction of inefficient practices. The second top 
priority is the environmentally responsible genera-
tion of energy sources. Options for producing energy 
that are both depleting and wasteful are given the 
least importance. 

In this paper the model developed by 
PSCAD/EMTDC software and analysed for the rat-
ings are given below 

In this paper it is observed that the distrib-
uted generation system that has a voltage rating of 
0.6 kV. Through the use of a step-up transformer 

rated at 0.6/115 kV, the distribution network is 
linked to a high-voltage network with a rating of 115 
kV is considered. The models are set up with the fol-
lowing active (P) and reactive (Q) power, which may 
be found in Table 1. 

 
4. EXAMINING THE RESULTS 

The first type of renewable energy comes 
from the environment itself, such as the sun, the 
wind, the waves, the tides, and the rain (hydro-
power). This class also includes energy derived from 
the heat of the Earth's core (geothermal energy). 
Considering that these resources all come from the 
sun, whose lifespan is estimated at 6.5 billion years, 
they are considered infinite. Because of the this fea-
tures hierarchical techniques is considered for get-
ting uninterruptable quality power to consumer. Due 
to this a model is developed with intelligent control-
lers using PSCAD/EMTDC software 

 
4.1 PSCAD/EMTDC Software  
 

PSCAD facilitates effortless system construction, simulation, and modelling, opening up a world of 
simulation opportunities for power systems with intelligent controllers. The model shown in fig5. 

 
 

Fig5 A hierarchical model of energy sources 
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4.1.1 Synchronous generator used for small hy-
dro stations: 
The angular speed, real and reactive power for the 
synchronous generator shown in fig 6(a), (b), (c). 

Fig6(a) angular speed of synchronous generator 

Fig6(b) real power of synchronous generator 

Fig6(c) reactive power of synchronous generator 
 

Similarly, the solar panel and type 1, type 2 wind tur-
bines speed and operating constraints are shown 
fig7, fig8. With this an ac micro grid having 0.6KV 
bus with a step- up transformer is under analysis can 
obtained. From this analysis, in this paper it is clear 

that for different type of renewable energy sources. 
Especially for solar panel angle of the position of the 
solar panel and DC voltage output for DC-DC con-
verter is also shown in fig 9. 
For this microgrid the bus is not connected to load 
and this proposed modal is applicable for industries 
and agriculture etc., next the below results for differ-
ent sources used for the distributing for the load and 
getting the analysis of the system. 

Fig7: speed of the wind turbine 

Fig8: operating constraints 
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Fig 9: angular position of solar panel and output voltage 

 

 
5. CONCLUSION 
 

Microgrids are currently being considered a 
promising option for the integration of distributed 
generation (DG) systems into the utility grid. The 
implementation of hierarchical methods of this solu-
tion will result in a decreased reliance on fossil fuels 
and an increase in the optimized effectiveness of the 
electric grid in its whole. In this article, a discussion 
is offered on the microgrid modelling and operation 
modes that are currently available. The microgrid 
serves as an important point of connection between 
decentralized power generation and various renewa-
ble energy sources. Isolated modes, in which the mi-
crogrid functions independently of the larger grid, as 
well as grid-connected modes, are also possible. The 
many strategies for enhancing the level of stability 
are illustrated and the foregoing investigation leads 
one to the conclusion that Micro Grid end-users and 
the grid as a whole can both benefit from the aggre-
gation of DG sources using an optimized Controller, 
which aids in the optimal cooperation of the DG 
sources and allows for the development of functions 
for special issues like voltage, real and reactive 
power control. In contrast to the standard grid, the 
microgrid operates in an unpredictable and intermit-
tent manner. This article illustrates a variety of mi-
crogrid structures, as well as comparative assess-
ments of those systems. There is discussion of a va-
riety of optimal control systems, including funda-
mental control schemes such as centralized, decen-
tralized, and distributed control, as well as multilevel 
control schemes such as hierarchical control . 

 
REFERENCES: 
 
[1] R. Zafar, A. Esmaeel Nezhad, A. Ahmadi, T. 

Erfani and R. Erfani, "Trading Off Environmen-
tal and Economic Scheduling of a Renewable 
Energy Based Microgrid Under Uncertainties," 
in IEEE Access, vol. 11, pp. 459-475, 2023, doi: 
10.1109/ACCESS.2022.3231158. 

[2] N. Hou, L. Ding, P. Gunawardena, T. Wang, Y. 
Zhang and Y. W. Li, "A Partial Power Pro-
cessing Structure Embedding Renewable En-
ergy Source and Energy Storage Element for Is-
landed DC Microgrid," in IEEE Transactions on 
Power Electronics, vol. 38, no. 3, pp. 4027-
4039, March 2023. 

[3] S. Zheng, K. Liao, J. Yang and Z. He, "Optimal 
Scheduling of Distribution Network with Au-
tonomous Microgrids: Frequency Security Con-
straints and Uncertainties," in IEEE Transac-
tions on Sustainable Energy, vol. 14, no. 1, pp. 



Journal of Theoretical and Applied Information Technology 
15th May 2023. Vol.101. No 9 
© 2023 Little Lion Scientific  

 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
3378 

 

 

613-629, Jan. 2023, doi: 
10.1109/TSTE.2022.3221276. 

[4] E. Rezaei, H. Dagdougui and K. Ojand, "Hier-
archical Distributed Energy Management 
Framework for Multiple Greenhouses Consider-
ing Demand Response," in IEEE Transactions 
on Sustainable Energy, vol. 14, no. 1, pp. 453-
464, Jan. 2023, doi: 
10.1109/TSTE.2022.3215686. 

[5] M. Hosseinzadeh and F. R. Salmasi, "Fault-Tol-
erant Supervisory Controller for a Hybrid 
AC/DC Micro-Grid," in IEEE Transactions on 
Smart Grid, vol. 9, no. 4, pp. 2809-2823, July 
2018, doi: 10.1109/TSG.2016.2620803. 

[6] Maryam Parvin, Hossein Yousefi, Younes 
Noorollahi, Techno-economic optimization of a 
renewable micro grid using multi-objective par-
ticle swarm optimization algorithm, Energy 
Conversion and Management, Volume 277, 
2023, 116639, ISSN 0196-8904,  

[7] Mariem Y. Yousef, Magdi A. Mosa, A.A. Ali, 
Said M. El Masry, A.M. Abdel Ghany, Fre-
quency response enhancement of an AC micro-
grid has renewable energy resources based gen-
erator using inertia controller, Electric Power 
Systems Research, Volume 196, 2021, 107194, 
ISSN 0378-7796, 

[8]  C. Nagaraj, Reduction of power conversion 
losses in AC-DC coupled hybrid micro-grid un-
der grid distorted voltage scenario, Electric 
Power Systems Research, Volume 210, 2022, 
108101, ISSN 0378-7796, 

[9] Meena Agrawal, Chaitanya P. Agrawal, 
Mukesh K. Rathore, Manoj K. Pachariya, Prior-
ity based strategic modes of operation and con-
trol for renewable energy sources micro-grid, 
Materials Today: Proceedings, Volume 46, Part 
11, 2021, Pages 5585-5593, ISSN 2214-7853 

[10] Prashant Saha, Abhishek Kar, Rasmi Ranjan 
Behera, Anish Pandey, P. Chandrasekhar, 
Ashwani Kumar, Performance optimization of 
hybrid renewable energy system for small scale 
micro-grid, Materials Today: Proceedings, Vol-
ume 63, 2022, Pages 527-534, ISSN 2214-7853 

[11] Ashraf Mohamed Hemeida, Ahmed Shaban 
Omer, Ayman M. Bahaa-Eldin, Salem Alkhalaf, 
Mahrous Ahmed, Tomnobu Senjyu, Gaber El-
Saady, Multi-objective multi-verse optimiza-
tion of renewable energy sources-based micro-
grid system: Real case, Ain Shams Engineering 
Journal, Volume 13, Issue 1, 2022, 101543, 
ISSN 2090-4479 

[12] Dr.A.S. Kannan, Srikanth Thummala, Dr.B 
Mouli Chandra, Cost Optimization of Micro-

grid of Renewable Energy Resources Con-
nected with and without Utility Grid, Materials 
Today: Proceedings, 2021, ISSN 2214-7853 

[13] P.H. Jiao, J.J. Chen, K. Peng, Y.L. Zhao, K.F. 
Xin, Multi-objective mean-semi-entropy model 
for optimal standalone micro-grid planning with 
uncertain renewable energy resources,En-
ergy,Volume 191, 2020,116497,ISSN 0360-
5442 

[14] L. Zhang, Y. Wang, H. Li and P. Sun, "Hierar-
chical coordinated control of DC microgrid with 
wind turbines," IECON 2012 - 38th Annual 
Conference on IEEE Industrial Electronics So-
ciety, 2012, pp. 3547-3552. 

[15] E. Akbari, N. Shafaghatian, F. Zishan, O. D. 
Montoya and D. A. Giral-Ramírez, "Optimized 
Two-Level Control of Islanded Microgrids to 
Reduce Fluctuations," in IEEE Access, vol. 10, 
pp. 95824-95838, 2022, doi: 10.1109/AC-
CESS.2022.3203730. 

[16] "IEEE Draft Standard for Cylindrical-Rotor 50 
Hz and 60 Hz Synchronous Generators Rated 10 
MVA and Above," in IEEE PC50.13/D2, Octo-
ber 2013 , vol., no., pp.1-61, 8 Jan. 2014. 

[17] Bhatraj Anudeep, Paresh Kumar Nayak, Sauvik 
Biswas, An Improved Protection Scheme for 
DFIG-Based WindFarm Collector Lines, Elec-
tric Power Systems Research, Volume 211, 
2022, 108224, ISSN 0378-7796 

[18] Nicolás E. Costa, Gustavo Revel, Diego M. 
Alonso, Roberto D. Fernández, Detection of the 
stability boundary associated to sub synchro-
nous oscillations in DFIG based wind farms, In-
ternational Journal of Electrical Power & En-
ergy Systems, Volume 146, 2023, 108783, 
ISSN 0142-0615 

[19] S. K. Chava, M. S. Kumar, V. Rajeswari and S. 
N. Gowri, "Design of Hybrid Micro-grid under 
Islanding and Grid Connected Modes," 2022 In-
ternational Conference on Sustainable Compu-
ting and Data Communication Systems 
(ICSCDS), 2022, pp. 839-845, doi: 
10.1109/ICSCDS53736.2022.9761024. 

 
[20] R. Darbali-Zamora, F. Wilches-Bernal and B. 

Naughton, "Configurable Microgrid Modelling 
with Multiple Distributed Energy Resources for 
Dynamic System Analysis," 2021 IEEE Power 
& Energy Society General Meeting (PESGM), 
2021, pp. 1-5, 
doi:10.1109/PESGM46819.2021.9637929. 

[21] S. Pramanick, N. Konar, S. Dey, S. Som and P. 
K. Gayen, "Study on Power Quality Phenomena 
of Grid-connected AC Micro-grid," 2021 De-
vices for Integrated Circuit (DevIC), 2021, pp. 



Journal of Theoretical and Applied Information Technology 
15th May 2023. Vol.101. No 9 
© 2023 Little Lion Scientific  

 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
3379 

 

 

350-354, doi: 10.1109/De-
vIC50843.2021.9455917. 

[22] F. J. G. Santos, M. K. I. Uemori and E. C. 
Bortoni, "A Cylindrical Rotor Synchronous 
Generator Design for Small Hydro Power 
Plants," 2018 XIII International Conference on 
Electrical Machines (ICEM), 2018, pp. 474-
478, doi: 10.1109/ICELMACH.2018.8506831. 

[23] Kangdi Huang, Pan Liu, Jong-Suk Kim, 
Weifeng Xu, Yu Gong, Qian Cheng, Yong 
Zhou, A model coupling current non-adjustable, 
coming adjustable and remaining stages for 
daily generation scheduling of a wind-solar-hy-
dro complementary system, Energy, Volume 
263, Part B, 2023, 125737, ISSN 0360-5442 

[24] Clifford Choe Wei Chang, Tan Jian Ding, Tan 
Jian Ping, Kang Chia Chao, Mohammad Arif 
Sobhan Bhuiyan, Getting more from the wind: 
Recent advancements and challenges in genera-
tors development for wind turbines, Sustainable 
Energy Technologies and Assessments, Volume 
53, Part C, 2022, 102731, ISSN 2213-1388 

[25] L. Rajaji and C. Kumar, "ANFIS based soft 
starter for grid integration with wind turbine 
system," TENCON 2008 - 2008 IEEE Region 
10 Conference, 2008, pp. 1-6, doi: 
10.1109/TENCON.2008.4766788. 

[26] L. Mihet-Popa and V. Z. Groza, "Modeling and 
simulation of a soft-starter for a 2 MW wind tur-
bine generators," 2010 IEEE Electrical Power & 
Energy Conference, 2010, pp. 1-6, doi: 
10.1109/EPEC.2010.5697228. 

[27] L. Mihet-Popa and I. Filip, "Modeling and sim-
ulation of a soft-starter for large wind turbine in-
duction generators," 2010 International Joint 
Conference on Computational Cybernetics and 
Technical Informatics, 2010, pp. 465-470, doi: 
10.1109/ICCCYB.2010.5491226. 

[28] K. Varalakshmi, B. V. V. L. K. Bharathi and T. 
Himaja, "Study of Soft-Starter based Induction 
Generator for Wind Energy Conversion Sys-
tem," 2021 Asian Conference on Innovation in 
Technology (ASIANCON), 2021, pp. 1-4, doi: 
10.1109/ASIANCON51346.2021.9544993. 

[29] X. Ma, S. Liu, H. Liu and S. Zhao, "The Selec-
tion of Optimal Structure for Stand-Alone Mi-
cro-Grid Based on Modeling and Optimization 
of Distributed Generators," in IEEE Access, vol. 
10, pp. 40642-40660, 2022, doi: 10.1109/AC-
CESS.2022.3164514. 

[30] X. Liu, P. Wang and P. C. Loh, "A Hybrid 
AC/DC Microgrid and Its Coordination Con-
trol," in IEEE Transactions on Smart Grid, vol. 
2, no. 2, pp. 278-286, June 2011, doi: 
10.1109/TSG.2011.2116162. 

[31] M. Hosseinzadeh and F. R. Salmasi, "Robust 
Optimal Power Management System for a Hy-
brid AC/DC Micro-Grid," in IEEE Transactions 
on Sustainable Energy, vol. 6, no. 3, pp. 675-
687, July 2015, doi: 
10.1109/TSTE.2015.2405935. 

[32] W. Qi, J. Liu, X. Chen and P. D. Christofides, 
"Supervisory Predictive Control of Standalone 
Wind/Solar Energy Generation Systems," in 
IEEE Transactions on Control Systems Tech-
nology, vol. 19, no. 1, pp. 199-207, Jan. 2011, 
doi: 10.1109/TCST.2010.2041930. 

 
 
 

 


