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Abstract

The research paper is presenting an implementation of Microgrid which assumes lots of loads &
sources operated under a one controllable unit system providing power to the localized area. A
microgrid model is built integrating wind energy, solar energy, diesel generator and residential load
model and analyzing the impact of Renewable Energy Sources with microgrid on various quantities
like active power, reactive power, current & voltage as shown and presented in the research paper
during normal and fault condition. The various factors on which production of energy depends are PV
farm’s size & it’s efficiency and speed of wind for Wind farm. The load is residential which has a
consumption profile at given power factor. Highest solar intensity is during mid-day. The development
of model is aimed to provide a sustainable energy supply to load without affecting the nature and
compromising the needs of the future generation. In our research work we have used high-speed
tripping protection technique for symmetrical faults.

Keywords: Micro-grid, solar energy, wind energy, diesel engine, renewable energy systems, distributed energy
resources (DERs), distributed generation (DGs), matlab simulink, solar farm, wind farm, integrated energy systems,
modeling, simulation, etc

1. Introduction

The concept of microgrid uses the distributed energy generation concept which support weak
grids, improves the power quality, etc. Using the renewable energy sources as distributed
energy sources has reduced the usage of conventional sources of energy as the emission of
greenhouse gases are reduced which is also beneficial for the environment. During grid-
connected mode, power can flow in both directions. Under the failure condition of power
grid microgrid get detached from main grid and convert into islanded mode for protection
and islanding control, and supply power for important load. Once the problem of grid failure
is resolved, grid-connected mode is activated again & microgrid gets connected back to
distribution grid. Many challenges are faced in microgrid implementation [-3l. Major issues
are listed as below,

a. Microgrid methodology & its Planning.

b. Distribution & protection of microgrid.

¢. Microgrid simulation & analysis.

d. Economic Operation and Energy Optimal Management of Microgrid

Many problems are faced by traditional power grid like instable centralized mode of control,
environmental pollution due to use of conventional sources of energy (like coal, etc) &
energy crisis. Even when the supply & demand balance is maintained by the power grid yet
above mentioned problems are still can’t be solved. Due to this, many researchers has opted
microgrid as a possible viable solution. The key driver for establishing the microgrid is
renewable distributed energy sources. But it is still a big challenge to integrate them properly
(14201 Microgrid has great potential for wide application. At present, some of the major
countries of the world, such as the US, EU, Japan and China, have carried out research on
microgrid. India should also adopt the concept of microgrid at major level as soon as
possible [, The sources used for integration with microgrid have major benefits like they do
not contribute in change of climate or any type of pollution, enormous & infinite fuel sources
(solar), reliable, no toxic, no moving parts, silent operation, reliable, accessible. Hence, clean
& best technology as eco-friendly. So it motivated me to analyze the model of microgrid
integrated with renewable energy sources 471,
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1.1 Microgrid: Needs and Requirement

It is highly necessary to develop microgrid technology

rapidly based on the current situations of power system.

With situations all around the world, it is important to

develop microgrid technology with increasing technical

development in power system characteristics [-1°1,

1. In situation like blackout of large area due to accident,
the power supply is guaranteed to important loads due
to dispersed & flexible characteristics. It compensates
for the vulnerability of main grid in stability & stability
and losses caused due to natural disaster.

2. Industry’s development is promoted by improving
microgrid’s utilization rate, absorption of micro
sources. Comprehended, flexible energy is provided
according to the need of the user by distributed energy.
It cooperates with users as much as possible. Microgrid
is economical as losses due to transmission &
distribution is almost nil as compared to the cost of
transmission & distribution caused in distance
transmission.

3. Improve reliability & power quality is provided by
microgrid to fulfill electricity requirements. Power
electronic devices are used as interfaces between grid
and distributed energy sources which provide flexible
active as well as reactive power & voltage output of
generation thus increasing grid’s reliability.

4. Microgrid contribution to economic developments of
various remote areas of country where it is not feasible,
possible or unsuitable to develop power grid by using
distributed energy sources.

2. Literature Review

The world has now faced a new challenge of depletion of
conventional energy sources and is trying to become less
dependent on the energy sources based on the fossil fuels.
Using renewable energy sources is the best solution of the
problem. It is expected that fossil fuels will be totally
replaced by the renewable energies because of the many
reasons like they are inexhaustible, cleaner and produce
lesser CO2 emission [26-2%1,
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It is very important to increase the efficiency of these clean
energy sources but at the same time a proper connection
between the renewable energy generation source and the
main grid is also highly necessary. The different models are
needed to be made for the enhanced working of micro-grid
connected with different loads. When these models are
made there simulation speed is needed to be accelerated.
When the PV panels are in operation during day time, they
supplies power to the grid supported by the power generated
and transferred to the micro-grid by wind farm & Diesel
engine generator [26-38],

Micro-grid is a discrete energy system consisting many
sources of energy, storage systems to store the energy
generated, operating independently or simultaneously with
main grid. It was earlier aimed to design, model and to
simulate a small scale micro-grid using phasor solution
constituting renewable energy generation source 41, Now
the integration of renewable energy sources like wind &
solar with the microgrid is achieved 154, With the help of
two sources, more power is can be supplied to different type
of loads for a longer duration of time. A microgrid
architecture is shown in figure 1 where multiple energy
source are connected to the microgrid like Fuel Cell, Solar,
Wind, Hydro, Storage unit. Various types of loads like
Domestic households load, Commercial load, Industrial
Load, Agriculture/ Irrigation load, etc. are also connected to
the microgrid. The loads get the supply of power from the
microgrid while the sources provides the power to the
microgrid. The microgrid is not connected to the main grid.
When no connected to the main grid, the grid operates in the
islanded mode. When the microgrid is connected to the
main grid, it is in grid-connected mode of operation. In
figure 1, it can be seen that energy storage units are attached
to microgrids as well so that when the sources provide the
supply the energy storage system gets charges for the times
when the sources of supply couldn’t provide necessary
power to the loads. In that case, energy storage units
discharges to provide the supply to loads 5569,
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It is very important that an electrical distribution utility
supplies voltage within specified limits to its customers. To
supply the required voltage in specified limits to the
customers several distribution circuits & techniques are
developed to determine the necessary design & expense [611,

3.1 Diesel Engine

www.electricaltechjournal.com

3. Proposed Models and Mathematical Modeling

For the development of a microgrid, it is necessary to do
mathematical modeling before developing the simulation
model in MATLAB Simulink. In the following section, the
modelling of diesel engines, solar PV modules, and wind
turbines is done.

Diesel Engine

N .
r 1/s ( ) 32 G( )Kle—tls

i 1+ 1,8
;lntegratoré Actuator Engine

Fig 2(a.): Block Diagram of the Diesel Engine System

There are many methods of Diesel Engine modelling. A
diesel engine is a type of speed feedback system considering
control theory. Once the speed command is given by
operator by adjusting the setting of governor, the fuel supply
is regulated to have an engine speed within range 2. The
fuel actuator system’s structure is shown by the model
below along with its equation.

0(s) = 722 1(s) 1)

T(s) = O(s)K,e""° (2)

Where, @(s) = Fuel-flow, I(s) = Input current, T, = Time
delay, T, = Time constant, K; = Engine torque constant,

K, = Gain, K3 = Current driver constant, T(s) =
Mechanical Torque.

3.2 Solar Power

As the most widely used renewable source of energy is solar
energy as in many areas solar irradiation is available in
plenty but electricity is not available. Hence, the best option
to supply electricity is using the solar energy. Research
organizations across the world have tried to integrate the
solar energy into power grid & microgrid. Efforts are made
by policy makers & energy industries. Solar energy is can
be harnessed by concentrating solar power, by solar thermal
& PV generation. Hence, solar energy is quickly integrated
with the power grid and is highly encouraged across the
world. The solar panels efficiency varies with type of
material used, its surrounding, intensity of sun rays, weather
conditions, geographical conditions, etc. With increasing
research, it is focused that efficiency of the solar panels
should increase in the future and used world widely [63-64].
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Fig 3: Equivalent circuit of a PV module
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The various equations involved in modelling of the PV cell
are shown below.

=1l —1Ip—Ig, @®)
Upe = U + IR, (@)
I = 1| 2o — 1] ®
I= I —Ios {exp [fﬂ] - 1} - % ©6)
Ipp = 1:3_0 Uscr + K7 (T — 25)] ()
=1 (2 e () 0

Where,
I = Output-terminal current, I,;, = Generated current, I, =

Diode current, [, = Shunt-leakage current, | = Cell output
current, V= Cell output voltage, l,s= Cell reverse saturation
current, g = electron charge=1.6*10—19 Coulombs, A,B =
p-n junction ideality factor, K = Boltzmann constant, T =
Cell temperature [°C], KI Short circuit current
temperature coefficient at ISCR,KI= 0.0017 A/-C, G = Solar
irradiation in W/m?, ISCR = Short circuit current at 25°C
and 1000W/m?, EGO = Band gap for silicon, T, = Reference
temperature, T, = 301.18°K, I, = Cell saturation current at
Tr, Rsn = Shunt resistance, U = Terminal voltage of the cell,
Uoc = Open circuit voltage.

3.3 Wind Power

Wind Power is also one of the mostly used renewable
energy source. To generate power from the wind, a
minimum wind speed of 3m/sec is required. Blowing winds
have sufficient amount of potential energy which gives
kinetic energy to the wind turbine to generate electricity [+
65]

The power output of wind turbine is proportional to cubic
relation with the wind speed, air density & the area swept by

the rotor. It can be summarized in a mathematical
expression 9 & 10.

1 3
P= E JGAV (9)
Pmean = %kCApV3 (10)

Kinetic Energy is extracted using wind turbine from the
wind passed through its rotor. The wind turbine’s developed
power is given by (11). The amount of wind energy
extracted by the wind turbine is measured by the power

coefficient €}, in (12) that is the function of tip speed ratio
Ain (13)

P=1/c,pV3A 11)
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116 21
¢, (L B) = 05176 (T _04p - 5) et +0.00682

L

(12)

1 1 0.035 .

A A+0.088 B3+1

(13)

Where, P = Power output of wind turbine (Watts), Pmean =
Output power of wind turbine including coefficient of
performance, p = Density of air (1.225 kg/m®), A = Swept

area (m?), V2 = Velocity of wind (m/s), Cp = Power

coefficient, § = Pitch angle.

The importance of high-speed triggering protection
techniques for symmetrical defects in preserving the safety
and dependability of power systems These techniques seek
to promptly detect and isolate defective sections of an
electrical network in order to minimise damage and
maintain its stability. Let's examine in depth the essential
features of high-speed trip protection techniques for
symmetrical faults.

1. Symmetrical Faults: Symmetrical faults are electrical
defects that occur simultaneously in all three phases of
a power system. Typically, apparatus failure, insulation
failure, or external factors such as lightning strikes
cause these defects. Symmetrical faults are
distinguished by fault currents that are balanced in all
three phases.

Rapid Fault Detection: High-speed triggering
protection techniques use a variety of techniques to
rapidly detect symmetrical faults. One common method
uses overcurrent relays. These relays are linked to
current transformers (CTs) that monitor the passage of
current throughout the electrical system. When a
symmetrical fault occurs, the fault current exceeds a
preset threshold, activating the overcurrent relay and
initiating the tripping procedure.

Zone Selective Interlocking: ZSI is a method for
coordinating the operation of protective relays in
various zones of a power system. It ensures that the
relay closest to the malfunction is the first to operate,
isolating the faulty section without influencing the
remainder of the system. ZSI is dependent on the
protective relays' ability to exchange information
regarding malfunction locations and alarm signals.
Using ZSI substantially reduces the time necessary to
isolate a defective section, thereby minimising the
impact on the entire power system.

Distance Protection: Protection by a Distance
Protection at a distance is another crucial technique for
high-speed trips. It employs impedance-based
measurements to estimate the distance to a power
system fault location. When a symmetrical fault occurs,
the relay's impedance changes, allowing the distance
relay to ascertain the approximate location of the fault.
The relay then initiates the tripping procedure in the
afflicted zone, isolating the malfunctioning section.
Pilot Protection: Pilot protection, also known as
differential protection, monitors the currents at both
extremities of a protected zone using communication-
based relays. These relays exchange data continuously
to ensure that the currents entering and exiting the
protected zone are balanced. If a symmetrical fault
occurs within the zone, the currents will become
unbalanced, causing the pilot protection relay to
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activate and trip the circuit breakers, isolating the
faulted section.

High-Speed Communication: High-speed
communication systems are required for rapid fault
detection and triggering. These systems facilitate the
exchange of data between protective relays and control
centres in real time. Fibre-optic cables, Ethernet, and
other high-speed communication protocols are
frequently used to transmit data quickly and reliably.
Adaptive Settings: High-speed tripping protection
techniques frequently include adaptive settings to
modify the operational characteristics of the relay based
on the conditions of the power system. These adaptive
parameters take system impedance, fault current
magnitude, and power system dynamics into account.
By dynamically adjusting the relay settings, the

4. Implementation Procedure and Simulink Model

www.electricaltechjournal.com

protection system can effectively adapt to system
changes, thereby enhancing defect detection's reliability
and sensitivity. In conclusion, high-speed triggering
protection techniques for symmetrical faults entail rapid
detection and isolation of defective power system
sections. Utilising overcurrent relays, ZSI, distance
protection, pilot protection, high-speed communication,
and adaptive settings, these methods ensure the safety,
reliability, and stability of the electrical network by
minimising damage and rapidly isolating faults.

High-speed tripping protection aims to rapidly detect and
isolate faulted section of the power system to minimize
potential damage and ensure the safety and reliability of the
electrical network. Thus, we have successfully implemented
this protection scheme in our research work.

!

Measure Microgrid
Parameters

P

Distributed
Generation
Available

lY‘ES

Find Optimum
Generation

PV Wind
Generation

Enough?

NO

Feed to Consumer
Load

|

NO

Feed to Grid

Fig 4: Flowchart for Implementation of Microgrid
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Initially all the parameters of grid are to be calculated by
using appropriate techniques & formulas. Few practical
known assumptions are taken like frequency is can be taken
at 50 Hz or 60 Hz. For practical purpose and considering
nationwide scenario, 50 Hz frequency is taken for input in
the model. Once all the parameters like active power,
reactive power, apparent power, power generated by
generating units, power consumed by loads is known, the
desired MATLAB based simulation model is can be built
with the help of the parameters given in appendix [66],

Flowchart for implementation of microgrid is shown in
figure 4. It is needed to confirm that whether microgrid has
generating units connected with it or not. Models of Wind
Turbine, PV Farm & Diesel generator are connected to the
microgrid. Once it is confirmed that microgrid has
generation sources available and connected properly, then

www.electricaltechjournal.com

optimum generation of energy using these generating units
is required. Once the generation units are optimized, look
whether the PV & Wind farm generated electricity is
sufficient or not. If Yes then there is no need to generate
electricity from diesel generator. If No, then generator is can
be used to generate the electricity. Then the energy is can be
fed to loads. If the generated amount of energy is in surplus
such that all the loads get sufficient amount of energy and
still there is energy available, then it can be fed to the grid
under the grid-connected mode. Repetition of the process is
done again and again to fulfil the requirement of load. The
microgrid model proposed in the research paper contains the
PV & Wind farm which generates renewable energy but
diesel generator generate non-renewable energy so it used to
provide the energy only when the Solar & Wind Farm does
not provide sufficient amount of energy [67-681,
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Fig 5(a.): Microgrid model using MATLAB Simulink
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The rated values of diesel engine generator, solar PV farm,
wind farm and residential load models are 7.5 MW. 4 MW,
2.4 MW and 10 MW. Solar PV panel’s power at different
periods of time was observed. The normal distribution curve
was followed by solar intensity. At midday, the solar
intensity is highest. Throughout the day, the speed of the
wind varies greatly & had multiple peaks & lows. Just like a
normal consumption of a household, similar pattern is
followed by the residential load. Usually the consumption of
energy is low during day time as people do out for work
during day time. Only few people remain at home. The
consumption increases with passage of time and reaches a
peak during the evening when everyone return back to home
and all household work start. Grid frequency will be
affected during day time due to few events like partial
shading at noon which affects the solar power production
and when wind exceeds the maximum allowed wind power,
the wind farm trips at 10 PM at night. Solar Power
generation varies throughout the day depending upon the
conditions and circumstances. The condition &
circumstances include various factors like type of Solar
Panels used for generation i.e. monocrystalline,
polycrystalline, thin film & concentrated type PV cell’s and
there orientation on the basis of position of sun i.e. azimuth

or zenith orientation and the type of solar cell used. The
secondary source used here is the Wind Farm. Diesel
Generator generates electricity at different hours of day &
night according to the working of Solar Panels and load on
the micro-grid is can be seen in the output. Power consumed
by load at different times of day is displayed. It was
observed that load consumption during peak hours is high
and both sources work efficiently. After running the
microgrid model (fig. 5 a.) the power profiles of both
consumption & generation for an entire day were observed.

6. Conclusion

There are four part into which microgrid is divided: A
Diesel Generator, PV Farm, Wind Farm & Loads. Base
power is provided by the diesel generator to maintain the
least amount of power in the microgrid. PV farm & Wind
farm provides the renewable energy. This microgrid is
basically considered for a thousand households in a
community on the day of less utilization of electricity
whether in spring season or falls season. This is maybe a
possible future scenario. It can be safely assumed that
voltage generated by each source is stable with a constant
profile. The Diesel generator used in the simulation is used
to balance between the power which is consumed by the
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load & the power produced by RES. The frequency
deviation of the grid is determined through the observation
of the rotor speed of the synchronous machine. The two
RES used in the microgrid generates electricity based on
many factors. The PV farm is dependent on three main
factors i.e. the size of area of PV farm, the irradiance data &
the efficiency of solar panels.

Electrical power produced by the wind farm follows a linear
relationship with the wind. After simulation is performed, it
is observed that solar panels do not generate any power
from 8 PM to 4 AM i.e. after sunset and before sunrise.
After that, power generated by the solar panels increases
slowly with increase in intensity of the sun rays. From 2 PM
to 3 PM, when the intensity of the sun rays is maximum
then maximum amount of power is generated. The load
connected is residential load and 0.15 given power factor, it
follows consumption profile. In the loads connected,
different assumptions are made i.e. the energy consumed by
them at different times of the day changes according to the
use of different equipment at different periods of day &
night. During peak hour in the morning at around 9 AM and
in the evening at around 7 PM & 10 PM at night, energy
consumed is highest. From 6 PM to 12 PM of the next day,
the solar panel does not produce the maximum electricity as
the intensity of sun rays during this period is lesser or even
negligible during night time. This operation is performed
with the help of the battery controller.

Hence, we have successfully developed an AC Microgrid in
which PQ control scheme and V/f control schemes are
combined for implementation under grid connected and
islanded mode of operation to have a better control on
output parameters such as voltage, frequency, power etc. so
that fault is can be avoided initially. However artificial fault
analysis is done to check the stability of the system whether
the developed microgrid system attains stability or not when
symmetrical faults and unsymmetrical faults occur at grid
side of grid connected AC microgrid. The aim is to separate
the critical and non-critical load during the undesired
islanding when a fault has occurred. But this work of
separating the critical and non-critical loads is currently in
progress along with the literature review.

7. References

1. Zhong W, Wang L, Liu Z, Hou S. Reliability
Evaluation and Improvement of Islanded Microgrid
Considering Operation Failures of Power Electronic
Equipment, in Journal of Modern Power Systems and
Clean Energy. 2020 Jan;8(1):111-123.

Yahaya AA, Al-Muhaini M, Heydt GT. Optimal design
of hybrid DG systems for microgrid reliability
enhancement. IET Generation, Transmission &
Distribution. 2020 Mar;14(5):816-23.

Shafie-khah M, Vahid-Ghavidel M, Di Somma M,
Graditi G, Siano P, Cataldo JP. Management of
renewable-based multi-energy microgrids in the
presence of electric vehicles. IET Renewable Power
Generation. 2020 Feb;14(3):417-26.

Norouzi M, Aghaei J, Pirouzi S, Niknam T, Lehtonen
M. Flexible operation of grid-connected microgrid
using ES. IET Generation, Transmission &
Distribution. 2020 Jan;14(2):254-64.

Afzal M, Huang Q, Amin W, Umer K, Raza A, Naeem
M. Blockchain enabled distributed demand side
management in community energy system with smart

~02 ~

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

www.electricaltechjournal.com

homes. IEEE Access. 2020 Feb 20;8:37428-39.

Pawitan GAH, Kim J. MPC-Based Power Management
of Renewable Generation Using  Multi-ESS
Guaranteeing SoC Constraints and Balancing, in IEEE
Access. 2020;8:12897-12906.

Lu Z, Xu X, Yan Z, Wang H. Density-based Global
Sensitivity Analysis of Islanded Microgrid Loadability
Considering Distributed Energy Resource Integration,
in Journal of Modern Power Systems and Clean
Energy. 2020 Jan;8(1):94-101.

Hooshyar A, lravani R. Microgrid Protection, in
Proceedings of the IEEE. 2017 Jul;105(7):1332-1353.
Zhou Z, Chen M, lJiang J, Zhang D, Ye S, Liu C.
Analysis and Design of a Novel Thyristor-Based
Circuit Breaker for DC Microgrids, in IEEE
Transactions on  Power  Electronics.  March
2020;35(3):2959-2968.

Dabbaghjamanesh M, Kavousi-Fard A, Mehraeen S,
Zhang J, Dong ZY. Sensitivity Analysis of Renewable
Energy Integration on Stochastic Energy Management
of Automated Reconfigurable Hybrid AC-DC
Microgrid Considering DLR Security Constraint, in
IEEE Transactions on Industrial Informatics. 2020
Jan;16(1):120-131.

Al-Muhaini M, Bizrah A, Heydt G, Khalid M. Impact
of wind speed modelling on the predictive reliability
assessment of wind-based microgrids. IET Renewable
Power Generation. 2019 Nov;13(15):2947-56.

Frances A, Asensi R, Uceda J. Blackbox polytopic
model with dynamic weighting functions for DC-DC
converters. IEEE Access. 2019 Nov 4;7:160263-
160273.

Jayamaha DKJS, Lidula NWA, Rajapakse AD.
"Wavelet-Multi Resolution Analysis Based ANN
Architecture for Fault Detection and Localization in DC
Microgrids, in IEEE Access. 2019;7:145371-145384.
Siti MW, Tungadio DH, Sun Y, Mbungu NT, Tiako R.
Optimal frequency deviations control in microgrid
interconnected systems. IET Renewable Power
Generation. 2019 Oct;13(13):2376-82.

Liu X, Liu Y, Liu J, Xiang Y, Yuan X. Optimal
planning of AC-DC hybrid transmission and distributed
energy resource system: Review and prospects. CSEE
Journal of Power and Energy Systems. 2019 Sep
12;5(3):409-22.

Jiayi H, Chuanwen J, Rong X. A review on distributed
energy resources and Micro Grid, Renew. Sustain.
Energy Rev. 2018;12(9):2472-2483.

Zoka Y, Sasaki H, Yorino N, Kawahara K, Liu CC.
““An interaction problem of distributed generators
installed in a MicroGrid,”’in Proc. IEEE Int. Conf.
Electr. Utility Deregulation, Restruct. Power Technol.
Apr. 2014;2:795-799

Bahramirad S, Khodaei A, Svachula J, Aguero JR.
Building resilient integrated grids: One neighborhood at
a time, IEEE Electrific. Mag. Mar. 2015;3(1):48-55.
Paquette AD, Divan DM. Providing improved power
quality in microgrids: Difficulties in competing with
existing power-quality solutions, IEEE Ind. Appl. Mag.
Sep./Oct. 2014;20(5):34-43.

Khodaei A. ‘Resiliency-oriented microgrid optimal
scheduling, IEEE Trans. Smart Grid. Jul.
2014;5(4):1584-1591.

Mayhornetal E. Optimal control of distributed energy


file://server/d/Electronics%20Engineering%20(mj)%203/5.International%20Journal%20of%20Advances%20in%20Electrical%20Engineering/issue/3%20Vol/2%20Issue/www.electricaltechjournal.com

International Journal of Advances in Electrical Engineering

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

resources using model predictive control, in Proc. IEEE
Power Energy Soc. General Meeting; c2012 Jul. p. 1-8.
Nutkani 1U, Loh PC, Blaabjerg F. Cost-prioritized
droop schemes for autonomous microgrids, in Proc.
IEEE Energy Convers. Congr. Expo; c2013 Sep. p.
1021-1025.

Ross M, Hidalgo R, Abbey C, Jods G. Energy storage
system scheduling for an isolated microgrid, IET
Renewable Power Generation. 2011 Mar;5(2):117-123.
Tasdighi M, Ghasemi H, Rahimi-Kian A. Residential
microgrid scheduling based on smart meters data and
temperature dependent thermal load modeling,”” IEEE
Trans. Smart Grid. 2014 Jan;5(1):349-357.

Krapels EN. Microgrid development: Good for society
and utilities [in my view], IEEE Power Energy Mag.
2013 Jul-Aug;11(4):94-96.

Bidram A, Davoudi A. Hierarchical structure of
microgrids control system. IEEE Transactions on Smart
Grid. 2012 May 18;3(4):1963-76.

Guerrero JM, Vasquez JC, Matas J, De Vicufia LG,
Castilla M. Hierarchical control of droop-controlled AC
and DC microgrids-A general approach toward
standardization. |IEEE Transactions on industrial
electronics. 2011 Jan;58(1):158-72.

Pogaku N, Prodanovic M, Green TC. Modeling,
analysis and testing of autonomous operation of an
inverter-based microgrid. IEEE Transactions on power
electronics. 2007 Mar 5;22(2):613-25.

Vaccaro A, Popov M, Villacci D, Terzija V. An
integrated framework for smart microgrids modeling,
monitoring, control, communication, and verification.
Proceedings of the IEEE. 2011 Jan;99(1):119-32.
Kroposki B. An integration facility to accelerate
deployment of distributed energy resources in
microgrids, in Proc. IEEE Power Energy Soc. General
Meeting; ¢2009 Jul. p. 1-4.

Wang L. Dynamic analysis of a microgrid system for
supplying electrical loads in a sailing boat, in Proc.
IEEE Power Energy Soc. General Meeting; c2012 Jul.
p. 1-7.

Salehi V, Mazloomzadeh A, Mohammed O. Real-time
analysis for developed laboratory-based smart micro
grid, in Proc. IEEE Power Energy Soc. General
Meeting; c2011 Jul. p. 1-8.

Loh PC, Li D, Chai YK, Blaabjerg F. Autonomous
control of interlinking converter with energy storage in
hybrid AC-DC microgrid, IEEE Trans. Ind. Appl. 2013
May;49(3):1374-1382.

Dasgupta S, Sahoo SK, Panda SK, Amaratunga GAJ.
Single-phase inverter-control techniques for interfacing
renewable energy sources with microgrid-Part |II:
Series-connected inverter topology to mitigate voltage-
related problems along with active power flow control,
IEEE Trans. Power Electron. 2011 Mar;26(3):732-746.
Bloemink JM, Iravani MR. Control of a multiple source
microgrid with built-in islanding detection and current
limiting, IEEE Trans. Power Del. 2012 Oct;27(4):2122-
2132.

Katiraei F, Iravani MR. Power management strategies
for a microgrid with multiple distributed generation
units, IEEE Transaction Power Syst. 2016
Nov;21(4):1821-1831.

Hou C, Hu X, Hui D. Hierarchical control techniques
applied in micro-grid, in Proc. Int. Conf. Power Syst.

~03~

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

www.electricaltechjournal.com

Technol; c2010. p. 1-5.

Tsikalakis AG, Hatziargyriou ND. Centralized control
for optimizing microgrids operation, IEEE Trans.
Energy Convers. Mar. 2018;23(1):241-248.

Sina Parhizi, Hossein Lotfi, Amin Khodaei, Shay
Bahramirad. State of the Art in Research on
Microgrids: A Review, IEEE Access; c2015, 3.

Diego A, Aponte Roa, Jeffrey Borres Martinez, Xavier
Collazo Feernandez. A Benchtop DC Microgrid for
Renewable Energy Sources Integration, IEEE 9th
Annual Computing and Communication Workshop and
Confrence (CCWC), Las Vegas; c2019 Jan. p. 7-9.
Hucheng Li, Yubo Yuan, Liudong Zhang, Tao Huang.
Research and Application on Microgrid Integrated
Energy Service Technology for Modern Agriculture,
2nd IEEE Conference on Energy Internet and Energy
System Integration (E12), Beijing; c2018. p. 20-22.
Chandrababu Opthella, Bala Venkatesh. Prototype
Microgrid Design and Results, IEEE Electrical Power
and Energy Conference (EPEC), Canada; 2018 Oct. p.
10-11.

Jorge Mirez. A modelling and simulation of optimized
interconnection between DC microgrids with novel
strategies of voltage, power and control, IEEE Second
International Conference on DC Microgrids (ICDCM),
Nuremburg; c2017. p. 27-29.

Johannes Hofer, Bratislav Scetozarevic Arno Schlueter.
Hybrid AC/DC building microgrid for solar PV and
battery storage integration, IEEE Second International
Conference on DC Microgrids (ICDCM), Nuremburg;
€2017 Jun. p. 27-29.

Sergio Correia, Sonia Pinto F, Fernando Silva J. Smart
Integration of Distributed Energy Resources in
microgrids, International Young Engineers Forum
(YEF-ECE), Almada; c2017 May 5.

Silvia Ma Lu. Modelling, Control and Simulation of a
Microgrid based on PV System, Battery System and
VSC, Escola Tecnica Superior d’Enginyeria Industrial
de Barcelona, Barcelona; c2018 Jan.

Luis Minchala I, Youmin Zhang, Oliver Probst. Design
of an Energy Management System for Secure
Integration of Renewable Energy Resources into
Microgrids; c2017.

Fouad MA, Badr MA, lbrahim MM. Modelling of

Microgrid System Components Using
MATLAB/Simulink, Global Scientific Journals; 2017
May.

Katayounn Rahbar, Chin Choy Chai, Rui Zhang.
Energy Cooperation in Microgrids with Renewable
Energy Integration, IEEE Transitions; c2016.

Jose Manuel Subinas, Seco de Herrera. Development of
a Microgrid with Renewable Energy Sources and
Electrochemical Storage System Integration; c2015.
Mukul Singh, Omveer Singh, Ashwini Kumar.
Renewable Energy Sources Integration in Micro-grid
including Load Patterns, 2019 3rd International
Conference on Recent Developments in Control,
Automation & Power Engineering (RDCAPE),
NOIDA, India; c2019 Oct. p. 88-93.

Mukul Singh, Omveer Singh. Phasor Solution of a
Micro-Grid to  Accelerate  Simulation  Speed,
Proceedings of 2nd International Conference on
Advanced Computing and Software Engineering
(ICACSE); 2019 Mar.


file://server/d/Electronics%20Engineering%20(mj)%203/5.International%20Journal%20of%20Advances%20in%20Electrical%20Engineering/issue/3%20Vol/2%20Issue/www.electricaltechjournal.com

International Journal of Advances in Electrical Engineering www.electricaltechjournal.com

53. Mukul Singh, Omveer Singh, Vishwamitra Singh,
Taruna Sharma. Modeling, Simulation and Comparison
of DFIG Based Phasor Model Average Model and
Detailed Model of Wind Farm Proceedings of 2nd
International Conference on Advanced Computing and
Software Engineering (ICACSE); c2019 Mar.

54. Rajdeep Choudhary, Tilok Boruah. Design of a Micro-
Grid System in Matlab/Simulink, 1JIRSET; ¢2015 Jul.

55. Parhizi S, Amin Khodaei. State of Art in Research on
Microgrids, IEEE Access. 2015 Jan;3:1-1.

56. Manzar Ahmed, Uzama Amin, Suhail Aftab, Zaki
Ahmed. Integration of Renewable Energy Resources in
Microgrid, Scientific Research Publishing; c2015.

57. Daming Zhang. Integration of Renewable Energy
Generation with Conventional Diesel Engine Powered
Generation in Microgrid, APPEEC; c2015,

58. Rui Huang. Integration of Renewable Distributed
Energy Resources into Microgrid; c2015.

59. Senthil Kumar V, Arun Jees S, Dr. V Gomathi. Control
Techniques for Single Phase Inverter to Interface
Renewable Energy Sources with the Microgrid.
International Journal of Advanced Research in
Electrical, Electronics anf Instrumentation Engineering;
c2014 Apr.

60. Ting Zhu, Zhichuan Huang, Ankur Sharma, Jikui Su,
David Irwin, Aditya Mishra, et al. Sharing Renewable
Energy in Smart Microgrids ICCPS. 2013 Apr 8-11.

61. Raffael Buhler. Integration of Renewable Energy
Resources Using Microgrids, Virtual Power Plants and
Energy Hub Approach Zurich; c2010 Mar 12.

62. Benjamin  Kroposki. Gregory Martin.  Hybrid
Renewable Energy an Microgrid Research Work at
NREL; c2010.

63. Faisal Mohamad. Microgrid Modelling and Simulation
Espoo; c2006.

64. Xuesong Zhou, Tie Guo, Youjie Ma. An Overview on
Microgrid Technology, IEEE International Conference
on Mechatronics & Automation; c2015 Aug.

65. Hooshyar A, El-Saadany EF, Sanaye-Pasand M. Fault
Type Classification in  Microgrids  Including
Photovoltaic DGs, in IEEE Transactions on Smart Grid.
Sept. 2016;7(5):2218-2229.

66. Hooshyar A, Iravani R. A New Directional Element for
Microgrid Protection, in IEEE Transactions on Smart
Grid. 2018 Nov;9(6):6862-6876.

67. Antonio Carlos Zambroni de’Souza, Miguel Castilla.
Microgrid Design and Implementation, Springer;
c2019.

68. Naser Mahdavi Tabatabaei, Ersan Kabalci, Nicu Bizo.
Microgrid  Architecturesm, Control, & Protection
Methods, Springer; c2020.

~94 ~


file://server/d/Electronics%20Engineering%20(mj)%203/5.International%20Journal%20of%20Advances%20in%20Electrical%20Engineering/issue/3%20Vol/2%20Issue/www.electricaltechjournal.com

