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ABSTRACT

Renewable energy systems are proving to be efficient and environmentally sustainable ways
of producing electricity. Day by day, using RE-based microgrid systems have been causing
more to notice give power to disengaged or energy-lacking locales. To set up a microgrid
system, optimization is required for cost and reliability analysis. Genetic algorithm is one of
the most trending optimization techniques. In most off-grid areas, as an alternative to
electricity provided by diesel generators, they are not environment friendly and very costly.
This thc%prcscms a RE-based microgrid system and reduce diesel generator uses and
capacity to satisfy the electrical load demand of a rural area in Saint Martin, Bangladesh.
For optimizations, a recently proposed&nctic algorithm is applied in this thesis. We use
local weather d% for calculating. The wind generation, photovoltaic generation, and load
are modeled by historical hourly wind speed, solar irradiance, and temperature data. System
optimization would be based on the sizing of the modules and the operating strategy.
Programming of genetic algorithms is used to test alaonditions to minimize the total net
present expense for optimal configuration. To verify theﬁoposed technique's strength, the
results are compared with the results obtained from the particle swarm optimization (PSO)
algorithm. The GA optimization technique provides efficient results. It is noticeable from
the findings that the proposed system can maintain a steady power flow with the same
optimum configuration also reduce the emission of CO-. The annualized system cost (ASC)
from the proposed system's GA algorithm is a total of $34576.7(USD). It's seen that the
PSO-based system emission of CO» 6.76 ton and GA-based system emission of CO; 4.11
ton. A comparison reveals that our proposed system reduces the cost 72.95 times and reduces

the emission of CO; 2348.14 times by only using DG-based system.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

In Bangladesh, the national grid line is not currently reaching a large number of remote
regions so that the microgrid-based renewable energy system is the only way to provide
electricity to this remote region. Hybrid energy systems, especially photovoltaic (PV) solar
energy, which ﬁ on renewable energy are now widely used. Their efficiency was
demonstrated if they are used in power supply to different places, especially with Elll
isolated loads. Its usage will reduce the effects of greenhouse gasses and emissions of (E
NO, NO3, and SO;, where other emissions can also be minimized. Its key benefits arc low
maintenance costs and low pollutant emissions [1-5]. Generators with diesel or petrol
normally supw power to the off-grid site. It is frequently only accessible for certain hours
of the night. Renewable energy applications at the location are solar %ergy panels, wind
turbines and small hydro turbines, via photovoltaic energy (PV). The system is initially a
single source system. But a single source of renewable energy is generally over dimengjoned
to satisfy demand [6]. The energy efficiency of PV output is however poor while the cost of
electricity per kWh is high. This resulted in a large rise in wind power production. Many
studies focus on the performance and ideal size of wind-based systems [7-9]. Hybrid energy
systems focused on stand-alone solar wind have been analyzed for cost effectiveness in
different research projects [10-11]. An independent solar &ind power system's most
significant inconvenience is its power supply reliance because wind and solar resources are
intermittent. In the case of an individual hybrid system, diesel generators or power storage
devices such as batteries or ultra-capacitors can usually provide back-up. There alﬁenough
solar and wind resources available in rural areas. Electric power needs in these ﬁeas can
also be met by smart use of these resources. Moreover the energy produced must be stored
in a large battery bank for the hybrid renewable energy system [12]. Different fact(&such
as system expense, renewable energy size and capability play a significant role in such
hybrid systems. Due to the ﬁltermjttent nature of renewable energy sources, an optimum
flow of power between the different components of the combined system is required. The
hybrid system's significant challenges are two main parameters, such as energy pricing and
device reliability. The best choice of components should be an integrated system, thus

ensuring that the system is reliable [13].




1.2 Background

A model of or abstraction from biological growth based on Charles Darwin’s theory of
natural selection is developed as the genetic algorithm (GA), which John Holland and his
collaborator developed in the 1960s and 1970s. The first time Holland was used for&daptive
and artificial systems was crossover, recombination, mutation and choices [14]. In recent
years, a new trend has been observed, with researchers commonly applying these
evolutionary algorithms to the optimal dimensioning ﬁthﬁ: hybrid energy system. Very little
work is found to the best of the writers' awareness, where the optimization of hybriﬁPV-
wind-DG and the energy storage system has been exWred. For rural areas of India, a PV-
biomass-wind hybrid system has been suggested. With the assistancﬁ of the standard
software tool hybrid optimization model for electric renewables, the authors performed
economic analysis and part selection (HOMER) [15]. [16] The purpose of this research is to
explain the comparative effica of different energy resource planning optimization
algorithms in rural microgrids. Three optimization techniques were evaluated for the lﬁt
cost optimization using artificial data for the standardized Indian rural village system. The
three optimization algorithms are GA, PSO and LP. The findings of the comparative analysis
tend to suggest that while LP algorithm provide less efficient, PSO is the most effective one.
Between these two algorithms, GA maintains a mean location. It is proposed that these three
optimization algorithms should be used to pass additional energy resource behaviour before
generalizing the comparative effective&ss of these optimization algorithms. To solve the
optimum configuration, the microgrid consisting of the PV panels, wind turbine and CHP
device, also the battery is studied, after that a Genetic Algorithm technique is controlled. In
the light of the fact that the day is recognized as the optimum length, compare the dispatch
syste%before and after optimization, the cheaper electricity can be provided to consumers
[17]. In order to meet the electrical demand of an island, an autonomous hybrid PV-wind-

DG with a battery system is proposed in this report.
1.3 Problem Statement

We know that the off-grid area has no electricity without supply additional sources like DG,
Renewable energy, etc. But there is a problem that RE needs much space and needs to be a
targeted area where the weather is perfect. On the other hand, no conventional energy like
DG source produces lots of CO:2 so that rural and coastal area maybe hamper for this. To

eliminate this thing we use Optimum RE and DG source using an algorithm so that we can




reduce the COﬁncl mitigate load demand and reduced costs on this area. Different research
practices were carried out using traditional methods, such as graphical construction method,
iterative method, trade off method and linear programming [18-20]. The issue with
traditional approaches is that in local minima, they frequently lock so that several meta-
heuristic evolutionary algorithms used. We use GA and PSO and it’s have been introduced

in various hybrid systems to resolve these vulnerabilities.

1.4 Motivation

Many algorithms worked on to optimized a microgrid WHI different techniques. The
previous literature shows that for performance analysis, researchers have used either
software tools or tradit'anal optimization approaches. Software tools, however, have some
significant drawbacks, such as black box coding, minimization of single functions, and need
more processing time compared to current optimizatitﬁ techniques. In hybrid systems,
however several works have been found where various researchers have proposed various
traditional and evolutionary algorithms to achieve the optimum size of the components used
in hybrid systems. Where GA is the trending optimizatimﬁachniques for field of all industry.
It also has strong convergence accuracy and the ability, like other evolutionary algorithms,
to provide optimal performance [21]. Many past optimization technique used by HOMER
but GA is the new thing in my research area so that’s the main motivation for this thesis

work.

1.5 Objectives

1) Selection of site according to the balanced system.

2) To build up a mathematical model of an autonomous system also the least levelized cost
of energy (LCOE).

3) Minimizing CO; emissions and comparing PSO-based optimization results and GA-based
optimization results.

4) To minimize the emission of CO> and cost between proposed model vs. using only

conventional DG-based system.




1.6 Thesis Outline

The thesis consists of 6 chapters and is structured as follows:

Chapter 1 Concentrates on the background of the hybrid renewable energy optimization,
significant drawbacks of the different optimization techniques. The objectives are defined
out for the thesis work carried out. Also, motivation has been discussed briefly.

Chapter 2 Provides insight into microgrid and GA related Literature review. Classification
of microgrid and GA type, application and advantages different optimization technique in
literature are also discussed.

Chapter 3 Model of a microgrid discussed with a diagram for better understanding. A
design of algorithm, mathematical expression etc. are also discussed.

Chapter 4 Complete design of a GA is discussed and showed with flowchart briefly. For
design the GA, design mathematical expression and flowchart are examined.

Chapter 5 Results of the optimization with CO; emission are discussed. Finally, the results
of the proposed model are shown through Matlab GA optimization graph and table of the
expenses and LOCE etc.

Chapter 6 The study carried out in this thesis ends with the potential scope of the work of

the proposed optimization techniques.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Microgrid describes a Ert-rangc, near-consumer power system. A microgrid system is
normally characterized as a low or medium voltage distribution arrangement that includes
multiple distributed generations (DGs), storage devices, and controllable loads. A microgrid
plays a vital part in the usage of environmentally friendly services, such as PV models and
wind turbines [22]. The microgrids are equipped for running both the focal utility network
(lattice associated structure) or can work without the mediation of a utility framework
(protected or segregated mode) without forfeiting the proficiency of the force. DGs
dependent on environmentally friendly power sources, for example, sun based and wind can
be handily consolidated into a microgrid to ensure a massive rise in interest in the availability
of electricity. This are the key ad vantages of building microgrids in a distribution network.
According to the most advanced near Indian summary, the transmission of grid problems to
the delivery system alone is 20-40% [23]. A microgrid can ready to direct bothﬁlattice
associated or autonomous (islanded) structures. Islanding structure happens once the
microgrid is isolated from the utility matrix when a primary change in the central utility
lattice [24-25]. The microgrid can safeguard the ensured yield by controlling the customary

voltage and recurrence guideline of the framework associated appropriated dynamo [26].
2.2 Microgrid Architecture

Fundamental microgrid engineering appears in Fig. 2.1. Thalan involves a social event of
extended feeders, which may be a certain bit of a scattering system or a structure's electrical
structure. There is a single reason for the relationship between the microgrid and the service
called the purpose of basic coupling. A few feeders, (Feeders A-C) have delicate burdens,
which admission ﬁighborhood age. The non-basic burden feeders don't allow any
neighborhood age. Feeders A-C can island from the lattice utilizing the static switch that can
isolate lesser than one cycle. In this engineering, four micro sources at different hubs 8, 11,
16, and 22 control the activity by utilizing just neighborhood voltages and flows estimations
of a microgrid. At whatever point there is a matter with the principle service flexibly, the

inactive switch opens confining the delicate burdens from the force framework. When the




microgrid is in matrix associated, all-out force from the neighbourhood age can be

coordinated to the non-delicate burdens.

22 Feeder A
16 ) Feeder B )
Static Feeder C
Switch 8 11
3"5 |
E 3l
Point of A
Common Feeder D

Coupling l l l l

Fig. 2.1 Microgrid Architecture Diagram [27].

The execution of sustainable power into existing force frameworks is the main test. In
addition to its heaps and a few small secluded era structures associated with it, the microgrid
organization can be defined as a low voltage organization (e. g., a small urban city, a strip
mall, or a mechanical park) [28]. Application territories of this organization including
business markets, modern zones, complex shopping centers, grounds conditions, military
offices, off-network activities, network/utility settings, and so on [29]. The requirement for
DG is to expand the administration dependability and decrease the requirement for group of
people yet to come development or lattice fortification [30]. On the off chance that there is
an issue that exists in the primary utility lattice, at that point the DG must be incapacitated.
Subsequently, it is desirable to work the microgrid in islanding mode till the issue in the
primary utility framework is illuminated. On the off chance that the deficiency happens
inside the microgrid in islanding mode, at that point it will get closure [31]. The sustainable
power sources, for example, wind, photovoltaic, hydro, and energy components are
regularly interconnected by methods for modulation of pulse diameter inverters of the

voltage source which has nonlinear qualities of voltage versus current that produces high
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exchanging recurrence. Along these lines, a nonlinear regulator hysteresis current control
(HCC) is utilized for a 3-stage framework associated VSI framework which repays current

blunder with dynamic reaction. The nature of intensity is improved by this regulator [32].

2.3 Models of Operation

Two different models are available. Example: (i) Connected to the grid model, (ii)

Autonomous microgrid model

2.3.1 Connected to the grid:

Just in Fig. 2.2 connected to the grid model is shown. The utility grid is running and the

static switch is closed in this model. The power grid provides all of the radial feeders.

node 22
Ti FEEDER A
pede 16 FEEDER B

= v

node 8 node 11 FEEDERC

] HTHT

Point of
common FEEDER D

coupling * * * *

Fig. 2.2 Operation of connected to the grid model. [33]

Static switch
closed —.'[]




2.3.2 Autonomous model:

It's in Fig. 2.3 Autonomous model is shown. There is no electricity on the power grid and

the inactive switch is available. Micro-sources are supplied to all feeders A, B, C and feeder

D is gone.
node 22
FEEDER A
hode 16 FEEDER B
Static switch

open _...l

node 8 node 11 FEEDERC

% 3

point of
common
coupling E.

Fig. 2.3 Operation of autonomous model. [33]
2.4 Reasons to link the Microgrid to the main grid

2.4.1 Availability:

The large availability of power grids serves as an extra source to micro-grids. The usage of

renewable energy resources (RER) is the charming options as providing loads by the utility

grid itself [34].




2.4.2 Stability/operations:

The direct interaction between ac microgrids and a high power grid enables continuous
operation when that power grid operates on the microgrid asa "hard" supply. Applying green
sources of power, such the combination minimizes the necessity for an energy storage

operation. A grid connection minimizes the expense in economic generation [35].
2.4.3 Economics:

Microgrids are typically designed with additional capability regarding the local load. This
extra electricity can be returned to the grid to achieve a certain strategic advantage.
Interconnection with the grid permits minimizing the operational costs of fuel using the
microgrid at night or low peaks that reduce the cost of energy. The requirement for a
decrease in CO> emissions and commercial probability throws huge difficulties in the

extension of microgrid [36].
2.5 Advantages of Microgrid

Microgrid has huge effective advantages that have cited below:

Optimizes the latest generation and transmission capacity. It integrates more renewable
energics and makes DERs to be more commonly infiltrated and energy storage solutions
used. It decreases carbon footsteps and improves energy production, energy protection,
managerial performance and overall competitiveness of services. It provides two-way
connectivity with customers by helping them to control their use of electricity [37].
Market-based dispatch arrangement in a microgrid has extra advanced focus sectors
including:

(i) Responsibilities on a regular basis and in real time.

(ii) Unit engagement and industrial dispatch with additional unique transmission safety
limitations.

(iii) Investigations and equality to secure clearness and firmness.

(iv) Intercept of high-range arrangement that is topical and multi-regional in nature.

(v) Combination of power sources spread and sources of demand response.

(vi)Effective generation and storage method to store energy and decreasing carbon

discharges.

9




(vii) Combining technological progress to manage reactive power movement using SVC

[38].
2.6 Classification of Microgrid

An overall arrangement of microgrid has appeared in the Fig. 2.4

Usually, the microgrid consists of a static transmission switch (STS), circulating simple
loads, non-critical loads, and several DER units with various intensity hardware interfaces
[39]. Microgrids are grouped into three sorts dependent on the kind of flexibility and their
areas. (i) Utility interface microgrids, (ii) Business and modern microgrids, and (iii) Distant

microgrids [40].

Microgrids

Y Y
Hybrid
DC Microgrids DC- and AC- AC Microgrids
Coupled Microgrids

Y

L4 /
High-Frequency Line-Frequency
AC Microgrids AC Microgrids

Fig. 2.4 Classification of microgrid. [41]
2.6.1 DC Microgrids:

DC microgrid is generally utilized in the use of media transmission frameworks [42], electric
vehicles [43], and shipboard force frameworks [44].Escalated utilization of electronic
burdens in business structures and in places of business This DC arrangement is introduced

for business power framework with delicate electronic burdens [45].
2.6.2 AC Microgrids
HFAC Microgrids:

Utilized in the utilizations of airplane framework and military uses of 1-stage 400Hz [46].

10




HF AC conveyed power frameworks are restricted to neighbourhoods, the misfortunes are
significantly expanding with the separation. So it is material for little territories [47]. It can
control both dynamic and responsive force streams from/to the microgrid. HF air

conditioning microgrid will operate with higher recurrence (400 Hz or 500 Hz).
LFAC Microgrids:

Generally utilized in many exploration regions, far off towns, and in test fields. Operational
and control procedures of LFAC microgrids in DER units. A force and energy the

executive's system go under the arrangement of LFAC microgrids.
2.6.3 Microgrids hybrid DC and AC-Coupled:

The DC component is used by cross-breed DC and AC-coupled microgrids to associate
disseminated energy storage frameworks like battery, control devices, and also bidirectional
AC-DC converter-rel flywheels and other DC renewable resources. For example, PV
frameworks linked by DC-DC Boost converters and simple turbines (gas and wind) linked
by rectifiers are DC fuel sources. The architecture of the mixture microgrid with DC and
é:joining was implemented in [48-50]. Utilizing power converters, separable monitoring

of DC and AC sections of a microgrid is carried out by [51].
2.7 Genetic Algorithms

GA has a place in the class of transforming calculations and also its success has been driven
by the characteristic genetic growth period. Darwin [52] contributed the first study on
routine progression in which he claimed that characteristic populations progress as
suggested by the usual decision interﬁl focused on the "natural selection"law. Holland [53]
led the introductory study on GA in 1975, which was then greatly extended through
Goldberg [54]. Giraffes use their long necks to consume the higher portions of the plants
from the leaves. Giraffes have also progressed with ages of long tails, contrary to the
criterion with natural selection. A Product is used to reflect this regular period of hereditary
progression on the theory of evolution to obtain answers to problems built. GA's brilliance
lays with its evolving environment; i. e., according to the changing environment, it can

modify its own. The following region clarifies the critical functioning of GA.




2.8 GA's Basic Components

The essential working component of GA is the quality, a gathering of which comprises a

chromosome. The chromosomes contain the present status information coded as paired
digits O or 1 which is particularly put away in quality. This structure speaks to an applicant's
answer for the issue in thought. GA chips away at these coded types of information as
opposed to taking a shot at real information components. The chromosomes join to shape a
populace which thus plans an age. GA is an iterative developmental cycle that plans an age
after every emphasis. Fig. 2.5 speaks to the schematic portrayal of the connection of these

components.

Gene
Gene
;’J Gene
/
/ Chromosome e
Gene
Generation - -
Gene
\\ Gene
Gene
Chromosome - -
Gene

.

Fig. 2.5 GA's Basic Components. [55]
2.9 Operators of Genetics

To reach another age, each age is revealed to natural administrators. The new age is
hypothetically in a way that is better than the past age, as the new age is produced in the
wake of actualizing the guideline of "natural selection" and accordingly it replaces the more

established age. During this cycle, either the entire populace can be changed or just the most




exceedingly awful chromosome can be supplanted [56]. Clearly, these are two outrageous
techniques and a few procedures for the new populace can be defined.

The cycles are guided such that they fulfill a wellness standard and they are rehashed to
acquire a satisfactory age. Hereditary managers are accustomed to the perfection of
variability in the measuring. In the corresponding method, regular GA administrators

become added.
2.9.1 Selecting:

The selector administrator is used to pick genes inside an age-dependent period. The
chromosomes fulfilling the wellness measures are probably going to be chosen in each more

up to date age. For the most part, utilized determination models are as per the following:

(i) Option Slots panel: a chance of a gene decision is clear according to its well-being as
tested by a wellness standard. In this way a chromosome with higher wellness will have a
greater likelihood to be chosen; be that as it may, lower health genes could also be chosen.

(ii) Level evaluation for fitness: the whole approach ties the comparative well-being of
singular genes, holding an age for having in all configuration of the gene. That technique
becomes basically often used to keep up variety within a population.

(iii) Choice of Tournament: the bunch of genes is haphazardly picked but only the luckiest
genes are picked of additional action. That strategy seems totally arbitrary.

(iv)Arrogance: each core of such a approach is that a set number of luckiest genes are
retained and also the majority of citizens is generated using either of the chosen option
strategies. Subsequently this strategy not just guarantees that the best arrangements stay in
the populace yet in addition guarantees the expansion of the populace by choosing

chromosomes from the whole arrangement space.
2.9.2 Iteration:

To produce two offspring that contain the individuality of the parental gene, the crossover
administrator is added to the characteristics of the homologﬁls chromosome. All such
offspring get a better chance of stamina than their people, since they are strong as compared
to their people. Consider the following parent chromosomes that both have 4 characteristics.
At the third quality (at point bats), hybrid can be added to these chromosomes to obtain two

descendants shown in Fig. 2.6. This solution is regarded as a single-point hybrid. Several




modified hybrid techniques that will be differentiated in this review have been suggested in

writing.
Parent 1 1 0 1 1 Offspring 1 1 0 0 0
M
Parent 2 1 1 0 0 Offspring 2 1 1 1 1
A
Before crossover After crossover
Fig. 2.6 A customary crossover. [55]
2.9.3 Genetic changes:

A solitary gene is added to the mutation administrator to modify quality in its separate
region. Quality 1011 can be translated to 1111 since quality is flipped from O to 1 in region
2. To modify any data in a chosen gene or differentiate the arrangement room for further
investigation, the transition administrator is used. Several changed strategies of reform have

been suggested in writing that would be acknowledged with this study.
2.10 Applications
2.10.1 Learning Device:

In inherited qualities dependent on Al, which is an evolving area, the GA is used. Each GAs
for three variables are central to Al It functions in isolated spaces right off the bat, where
slope-based approaches can not be implemented. This may be used to search fobrule sets,
systems of neural institutions, machines for cell computerization, and some other. This could
therefore be used, though stochastic high scaling and progression estimates could also be
complied with. There are also reinforced learning strategies [57]. The basic factor, health,
has been used to evaluate the success of the teaching method. In the end, GA requires a
populace, and frequently whatever one necessity is certainly not a solitary person, be that as

it may, a network. Preparing in multi-specialist structures is an ideal case of this [58].




2.10.2 Production Images:

The GA can be used various specialized image processing exercises and measurements with
the same weighty pixel resolution. One of it's crucial challenges in the field of image
handling is image division. To unravel this challeége, a good number of efficient strategies
are possible. The motive for such an approach is to divide the computerized image into
various parts based on genetic or applied similarity, on the other hand. Its motivation is to

explore the execution of GA in the division of pictures [59].
2.10.3 Vehicle routing problems:

Different delicate time periods, numerous terminals, and heterogeneous armada issues are
too settled through the GA. Vehicle steering issues are comprising of an assortment of
shoppers, each requiring a similar measure of the items to be moved. The vehicle is
conveyed from a solitary distribution center will gracefully the items required and re-
visitations of the distribution center. This vessel could have a clear weight and can also be
reduced to that same separation voyage it may convey. Just one vehicle is permitted to visit
each purchaser. The elective spectrum ofcirculatiﬁu courses that conform with these models
which have low and high costs is a challenge. In fact, it is often seen as similarly related to
reducing the total separation covered or reducing the amount of vehicles used, as opposed

to reducing the total separation for this number of units [60].
2.10.4 Problems of Optimization:

The GA may be most broadly utilized within improved difficulties wherever we can have to
augment rather than again decrease a given target work an incentive through a given
arrangement of conditions. Such a procedure will take care of an issue identified with
enhancement. The advancement raises issues of limiting or streamlining factors with a few
factors that are ordinarily dependent upon reasonableness and disparities limitations. This
assumes an essential function in research, promoting, what's more, fabricating activities. A
few difficulties of mechanical designing engineering are perplexing and difficult to conquer
utilizing customary enhancement calculations. Over the past years, GA has pulled in huge
regard for its ability as a creative enhancement system. Contingent upon their ease of use,
simplicity of movement, least determinations, and concurrent and worldwide perspective,

GA has been normally applied to an assortment of issues [61].




2.10.5 Economics:

The GA can likewise be utilized to depict different monetary frameworks, for example, the
spider web framework, the goal of game hypothesis advancement, resource valuing, and so
on A few financial analysts have begun to utilize GAs to fix regular inadequacies of
traditional financial models whilﬁlolding an advantageous numerical formation. This
advancement like GA takes place in B}uay that can replicate the dynamics of actual dynamic
problems. In addition, it reduces the need for a fixed structure of the approach problem and

can thus determine between replacement improvements [62].
2.10.6 Neural Networks:

GA, especially recursive neural organizations, also serves to rehearse Al. GA seems to be a
meta-heuristic approach affected by the usual option method that has a role in the broader
growth enhancement enterprise. The GA becomes typically also used deliver top-notch
measurement and decision making options by concentrating on bio-enlivened practices such
as choosing, transition, and hybrid activities. This calculation is a dependable way to deal
with transformative streamlining dependent on natural ideas. The populace of strings

portraying possible answers for issues is created [63].
2.10.7 Parallelization:

The GA appears to have excellent synchronous usefulness and ends up being a very fruitful
approach to tackle such issues, just as giving a decent report territory. This method would
be a phase of population-based analytical enhancement that can be used to better plan neural
organization frameworks. However, if numerous individuals making up the populace, the
runtime of the calculation is in every case extremely huge. Parallelism processing is a system
that can hypothetically be utilized to handle this issue. Through the examination investigates
the execution of an equal GA for the quest for ideal determinations of fake neural
organizations framework. The Palatalization is refined utilizing the Interposes
correspondence Structure, wherein sub-populaces are shared among processors during

choice, transformation, and hybrid [64].




2.10.8 Scheduling applications:

A timetable at booking issues ordinarily incorporates opposing needs dependent on the cost
of the individual and the expense of the administrator. Buyers will in general invest less
energy pausing, changing, and driving by open vehicles. Experts are interested in taking in
cash from decreased car operating costs and offering a base number of vehicles. Shoppers
are engaged in lower crowing, as far as the essence of administration is included, while
vendors are engaged in increasing wages and consequently have high lead levels. Holding
up a lot of energy plays a key role to fixing booking problems. Clients are keen on
coordinating administrations with sensible holding up times, while administrators will in
general offer fewer types of assistance [65]. The GA is utilized to unravel different planning

issues, for example, schedules, etc.
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CHAPTER 3
METHODOLOGY

3.1 Introduction

This chapter illustrates the work flow of the study with proposed model, mathematical
equation with proper explanation for better understanding in the section 3.2 and 3.3

respectively.
3.2 Microgrid

The microgrid's key model is seen in Fig. 3.1. There are two busses in this figure, one is AC
and the other is DC. The AC bugdis connected to the wind turbine, the DG, and the consumer

load. The DC bus is connected to the Solar PV panels, the battery bank, and the dumb load.

DC AC

< g PPN

Inverter Wind Turbine

i &

Battery Bank Charge Controller 5 I i
. N

Diesel Generator (DG)

Dumb load

Fig. 3.1 Various components of the microgrid.
The system is most reliable for the off-grid system so that in Saint Martin, Ch&togram,
Bangladesh doesn't reach the national grid line so that it's helpful to optimize the solar PV,
wind turbine, and battery bank to reduce the cost and efficiently worked all the system in

Fig. 3.1. Now we show more mathematical data for all the systems below.




3.2.1 Solar photovoltaic panel

The solar PV panels power output varied on the data of the solar radiation. The equation will

be

Pp\' = Prated XH/H,-@'X{] +C; (’Tumb + (0-0256 w}‘ﬂ'&jﬂ] (3-1)

where Pryeq is the rated Wer under reference condition, H is the solar radiation (W/m2),

Heer is the 1 Kw/m? , Treris 25°C, Cris 3.9 x10° and T is the ambient Temperature.
3.2.2 Wind Power Generation

The power generated by a wind turbine given by this formula:

Prind-ouw = 0.5x px AXVJXCTP (3.2)

where p is the air density (Kgm'-"), A is the solar Swept area (m?), V is the wind Velocity

(ms™) and Pyind-ou is the output of the wind power generation.
3.2.3 Battery bank

To store energy from the PV panels we use battery banks & it’s discharging when a sufficient
amount of power does not have in the consumer and Its Charging when fulfilling the load

demand and extra power stored in the battery bank.

soc(t) _ T Pu(tpau
SOC(t—l]_‘rT_l Vbus dt 39

where Vy,, the voltage of the bus is, P (t) is the battery’s input/output power and Mpq¢¢ 1S
the round trip efficiency of the battery. If P, (t)is positive, the battery is charging, else it is

discharging. Further, the round trip efficiency of a battery is defined as follows,

— (34)
Moace = [Mbate ﬂgul‘l‘

where 05 ., and n¢,,, are charging and discharging efficiency of the battery respectively
[66]. The battery bank'ﬁound trip efficiency is considered to be 92.2%. It is often believed
that the efficiencies of charging and discharging aﬁ different and are considered to be 85%

and 100 %, respectively. The battery bank cannot discharge beyond a minimum limit which
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is called SOCgis, All batteries are connected in series to the DC bus bar, and below is the

calculation of the number of batteries connected in series.

. Vi
series _ s

Nbatt Ty (35)
batt

The operation of battery charging and discharging are described more on the operation part.
3.2.4 Diesel Generator

We use diesel generators if other systems' production is getting off and if any natural disaster
happened in the coastal area. As a backup, we use two diesel generators that are running to
mitigate the load demand.

We use yearly fuel consumption by this equation:

Dy(t) =a.Dp(1) + b.D, (3.6)

where Dy (t) fuel consumption (L/Hr), D, is the generated power (kW) and D is the rated

power of the DG, and a,b is the constant parameter (L/kW) and it depends upon the kinds
of diesel generator.

We use two 30kW diesel generator.

3.2.5 Inverter

We need to use an inverter in the DC to AC bus line to convert the DC to AC. Based on

peak load demand, the converter size is selected (Pjh, 4 (t)).

The rating of the inverter (P;,,,) is determined as follows,

Py (£) = Plod® (3.7)
3.3 Problem Framework

The major goal of this analysis is to develop an o%grid energy system that is cost-effective

and efficient. The main decision variables are the rating and sizin% solar PV panels, wind
turbines, battery banks and DG. We use Genetic algorithm (GA) to solve this problem and

later we use particle swarm optimization (PSO) for comparison.
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CHAPTER 4

DESIGN AND INPUT DATA

4.1 Introduction

This chapter illustrates the essential parameters for GA design in section 4.2, flow chart of
genetic algorithms of this proposed model in section 4.2.1, parameter taking in section 4.3

and Input data in section 4 4.
@
4.2 Genetic Algorithm (GA)

A genetic algorithm is a search heuristic, influenced by Charles Darwin's theory of natural
evolution. This algorithm demonstrates the natural selectionﬁocess in which the fittest
individuals are selected for reproduction to produce oftspring of the next generation [67].

In a genetic algorithm, five steps are considered.

[ 40]

1. Initial populations
2. Fitness value

3. Seclecting

4. Crossover

5. Mutation

We have used Matlab to code the GA, then we find the system's optimum value.

4.2.1 Objective Function

The key aim of this research is to minimize the overall ASC of the proposed method while
retaining the opt'ﬂlum flow of energy. Four key decision criteria have been chosen for
optimum design, i.e., the number of wind turbines, sglar PV panels, batteries, and DG rating.
It is found that the outcome with the least ASC is an optimal one, thus following all other

constraints and parameters. The objective function considered is the overall expense of the

device, consisting of

(i) The overall cost of capital
(ii) The cost of replacement and

(iii) The components' maintenance & operating costs.

21




The following function is said to be the main objective function to be minimized subject to

constraints,

fASC = f(NsolarCsolar + Nwmdcwind + Nbatterycbattery + Pa!gcdg + Pinvcmv) (4-1)
where Csorar, Cwinds Coattery and Ciny, are the costof solar PV panel (per kW), wind turbine
(per wind plant cost), battery (perﬂit) and inverter (per kW) respectively. On the other

hand Neoiar, Nyina and Nygerery are the number of solar PV panels, wind turbines and
battery units respectively. Pgq & Ppy,, are the power rating of diesel generator (DG) and

inverter respectively.

Total annual system cost are described by these equations,

Cuntar = Cigty + CLsh, + CIiRan — C5ieoe 42
Cuna = Gl + Coa+ G — € 43)
Chate = Chage + Cpage + Chati™ ™™ = Cpre (44)
Cinp = CAf + Chob + Cpraintain _ goalvage 4.5)
Cag = CEP + €T + Copameain 4 gfhel _ chorweoe (4.6)

where capital cost (C,g;,), replacement cost (C,.,), annual maintenance cost (Cpginain)

fuel cost (€, ) and salvage cost (Csqppgge)-

We also analysis the cost using capacity recovery factor (CRF) in each components cost,

i(i+1)f
(i+1)P-1

1]
CRF(i,P) = 4.7)

where the lifetime in years is P and the annual interest rate is i.

The objective function minimized following the several constraints,

1< N,, <N~ (4.8)

sol
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1<N,, <Nmax 49)
1 < Npase < Nparr (4.10)

1< Py, <P 4.11)

where N2 the maximum number of solar PV is panels, NJ2%Xis the maximum number of

batteries, N.j;** is the maximum number of wind turbines and P7;** is the maximum rating

of DG.
Flowchart of genetic algorithms of the microgrid model Fig. 4.1 is given below:

Fandom geparation of
P, M andP,, (%)

Meet the
load

Fig. 4.1 Flowchart of genetic algorithms of this proposed model

23




In this flowchart, first, the algorithms will arbitrarily select a set of vectors for the model

size of the microgrid. Th wer derived from these components is compared with the
parameters of the hourly load. If the power supplied by the system will fulfill the load
requirements, it is possible to calculate the ASC. If the extracted power is insufficient to
fulfill the load criteria, the operation strategy shall take effect. The technique vector of the
operation is chosen randomly. The expense of each device shall be measured. For every size,
the lowest operating strategy cost would be added to the ASC. Then test the fitness and the

solution to the problem will be the one with the lowest ASC if the fitness is met.

4.3 Parameter of taking Genetic Algorithm:

We customize the main parameter of GA's design manually by Matlab. We take,
Population Size: 100

Crossover Fraction: 0.8

Reproducibility: twister

Number of variables: 03

Lower bound: 1 1 1 (Minimum 1 wind plant, 1 solar plan, 1 battery unit)

Upper bound: 1 400 150 (Maximum 1 wind plant, 400 solar plan, 150 battery unit;

According to our geographical area).

4.4 Input Data:

The methodology developed in this work was used to plan a small stand-alone PV-wind-

diesel generator-battery banking system, as shown in Fig. 3.1, to meet the energy
requirement. A small island in the Bay of Bengal, Bangladesh. Cﬁe study field It is located
at 20 © 36'47"N latitude and 92 ° 19'36"E longitude. The device is basically configured for
household loads of a small microgrid with a peak load requirement of 102 kW. The area is

found to have the strongest supply of solar and wind energy during the year.
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Table 4.1: Technical and economic data of the components used in proposed

System.
Component Parameter Value Unit
Wind turbine mted power (Py) 50 kW
Cut in speed (V.in) 3.5 m/s
Cut out speed (Vo) 20 m/s
Eated wind speed (Vi ) 9.5 m/s
Capital cost (per plant) 176756.25 $
Replacement cost (per plant) 60848 $
O & M cost (per year) 15000 $/yr
Rotor Swept area 2270 m’
frvival wind speed: 50.0 m/s
Life time 20 years
Solar PV Rated power (P) 1.05 kW
Derating factor (f 1os) 80 %o
Capital cost (per module) 97248 $
Replacement cost (per module) | 972.48 $
O & M cost (per kW) 10 $/yr
Life time 20 years
Battery Nominal capacity (Cy(Ah)) 150 Ah
Nominal voltage (Vian) 12 \%
Max charging current (I;n.x) 18 A
Minimum state of charge 30 %
(SOCmiu)
Maximum state of charge 100 %o
(Socmax)
Round trip efficiency (gpuu) 92 %o
Capital cost (per unit) 129 42 S
Replacement cost (per unit) 53.7 $
O & M cost (per unit) 5 $/yr
Life time 5 years
Diesel Generator Rated power (Pug) 30 kW
Fuel consumption 251 g/kwh
Fuel cost(diesel) 0.77 $/litre
Capital cost (per unit) 3,161.00 $/unit
icplacement cost (per kW) 3,161.00 $/unit
Life time 20 years
Inverter Rated power 10-100 kW
Inverter efficiency >95 %
Capital Cost(per inverter) 850.00 SV
Replacement cost (per inverter) | 850.00 $/kW
O & M cost (per inverter) 12 $/yr
Life time 20 years
Other Interest rate (i) 4.879 %
Project life (N) 20 years
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CHAPTER 5
RESULTS AND DISCUSSION

5.1 Introduction

This chapter illustrates the Matlab GA optimization graph in section 5.2, chart of the Energy,
CO: analysis proposed model in section 5.2.1, graphs of operational analysis in Matlab in

section 5.2.2.
5.2 Matlab Results

After iteration, need wind plant: 1 Solar plan: 16 & Battery unit: 77 to the optimal microgrid

Fig. 5.1 is the Matlab graph of fitness function according to cycle number. Where X-axis

system satisfies the load demand.

indicate the cycle number and Y-axis indicate the value of fitness function.

= 10%

Value of Fitness function

L L L L L L . L
o 1000 2000 2000 4000 5000 6000 7O00 2000 2000
Cycle Mumber

Fig. 5.1 Value of fitness function according to cycle number

Table 5.1: Break down the ASC from the GA algorithm for the proposed system.
Component($/yr) | Total($/yr)

PV 2022
Diesel Generator | 2922
Wind turbines 24206

Batteries 3238.7
Inverter 1288
Total 34576.7
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Table 5.2: Energy analysis by GA and PSO algorithm.

GA (kWh/yr) PSO (kWh/yr)
Solar Energy 700260 690380
Wind Energy 171160 171160
Battery in 228150 227820
Battery out 205820 205530
Excess electricity 275180 265710

Table 5.3: Total CO2 Emission comparison.

GA

PSO

Total CO; Emission(ton)

4.10577894

6.760475

Table 5.4: Comparison analysis with proposed system vs. only using DG based system.

Proposed system

Only using DG system

Total Cost($)

$34576.7

$2522358

Total COz Emission(ton)

4.10577894

9640.936523

Table 5.1 demonstrate break down the ASC from the proposed system's GA algorithm
where different components (PV, wind turbine, diesel generator, batterics, inverter) are
included. Here, we discussed the per year cost for various parts. Table 5.2 demonstrate
energy analysis by GA and PSO algorithm, here genetic algorithm generates higher solar
energy than particle swarm optimization. Table 5.3 indicates the total CO2 emission
comparison between GA and PSO. Here, the genetic algorithm highly reduces CO2 emission
than particle swarm optimization, which is environment friendly. Table 5.4 demonstrate
comparison analysis with the proposed system vs. only using DG based system. It is
noticeable that the proposed system cost is low, and CO emission is less than only using a

DG-based system.
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5.2.1 Chart of the Energy, CO; analysis

Energy analysis by GA and PSO algorithm

Excess electricity
Battery out
Battery in

Wind Energy

Solar Energy

0 100000 200000 300000 400000 500000 600000 700000 800000

mPSO (kWhiyr) = GA (KWh/yr)

Fig. 5.2 Energy analysis by GA and PSO algorithm

Total CO, Emission (ton)

6.760475

4.10577894

GA PSO

Fig. 5.3 Total COz emission analysis with GA vs. PSO algorithm
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Total Cost ($)
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Fig. 54 Total cost analysis with proposed system vs. only using DG-based system

Total CO, Emission(ton)

12

2
10 9.640936523

0004105779

Proposed system Conventional system

Fig. 5.5 Total CO> emission analysis with proposed system vs. only using DG based

system

Fig. 5.2 demonstrates the GA and PSO algorithm's energy analysis, where solar energy,

wind energy, and battery are included. Fig. 5.3 shows the total CO, emission analysis with
GA vs. PSO algorithm and it's clear that GA provides good results. Fig. 5.4 shows the total

cost analysis with the proposed system vs. only using DG-based sy%m, where our proposed
system cost too lower than only using DG-based system. Fig. 5.5 shows the total CO»

emission analysis with the proposed system vs. only using the DG-based system, where the

conventional system is not environment friendly.
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5.2.2 Graphs of operational analysis in Matlab

The proposed system satisfies the overall energy demand only with solar, wind and battery
capacity. Fig. 5.6 shows the energy balancﬁor the third week of September. It may be said
that solar and wind power was compliant with the available solar and wind resources and
handled load demand without the use of a diesel generator. Fig. 5.7 shows the battery charge
and solar povﬁ view for the third week of September, where the X-axis denoted is hour and
Y-axis is the energy (kWh).

250 T T T T T T T T
— — — Load
Bat out
wWind

200 Solar T
= 150 | .
=
x
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=
2
5 100 .
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Fig. 5.6 The energy level of the third week of September.
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Fig. 5.7 Battery charge and solar power view for the third week of September.
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Fig. 5.8 Battery charging and discharging view for the third week of September.

Hg 5.8 shows the battery charging and discharging view for the third week of September.

If the energy is sufficient to charge above the charging rate, it can be used as dumped energy.

If the discharging of electricity is greater than the discharging of batteries, the DG can be

used as a power. Also Fig. 5.9 shows the battery charging and discharging view for a year.
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Fig. 5.9 Battery charging and discharging view for a year.
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Fig. 5.10 SOC of battery for the third week of September.
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Fig. 5.11 Battery SOC view for a year.

Fig. 5.10 displays SOC battery in September for the third week. It indicates that the SOC
battery is still 'ﬁsidc the predefined limit. Fig. 5.11 shows the battery SOC view for a year.

It also reveals that most of the time the SOC battery is fine, except for a few instances.
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Fig. 5.12 Renewable energy source and load demand view for a year.
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Fig. 5.13 Produce wind energy for a year.

Fig. 5.12 shows the renewable energy source and load demand view for a year, where X-

axis indicate the solar and wind energy for a year and -Y-axis indicate the load demand.

Also in Fig. 5.13 shows the produce wind energy for a year. In this graph maximum wind

energy is 302 kWh.
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Fig. 5.14 Produce solar energy for a year.
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Fig. 5.15 Produce DG energy for a year.

Fig. 5.14 shows the produce solar energy for a year. It indicates that due to the improved
availability of solar resources, enough solar energy is produced. Fig. 5.15 shows the produce
DG energy for a year. It is obvious that less time is needed for DG power because only
batteries, solar and wind meet the total load requirement. Fig. 5.16 It has been observed that

the LCOE declines significantly as the inverter performance improves.
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CHAPTER 6
CONCLUSION

6.1 Introduction

Renewable energy-based microgrid systems are efficient and environmentally sustainable
ways of producing electricity. Using the genetic algorithm optimization technique provides
cost-efficient results also reduces the greenhouse effects in this thesis. There is also an

opportunity for future improvements to the proposed work.

6.2 Conclusion

This microgrid system is the best for a more reliable, economical, and effective source of

electricity for the off-%'d location. The preliminary results show that with a collection of
manufacturer data, the algorithms manage to optimize the strategy for size and operation for
a simple daily load. The study desﬁn a PV, wind, battery, diesel microgrid system in Saint
Martin Island. It has been shown that the use of our proposed model decreases the use of
DG and fulfil the electricity from renewable energy sources. The system with QS kW of
16 PV plan and a 30 kW of 1 diesel generator, 50 kW of 1 wind turbine, and 77 numbers of
batteries (nominal capacity 150 Ah, nominal voltage 12V each) gives the most economically
feasible solution. The ASC from the proposed system's GA algorithm is a total of
$34576.7(USD). The primary objective of the study is to optimize power output while
reducing total costs using the GA. The load requirements for a mix of renewables are met in
this proposed system. This proposed system considerably lowers CO; emissions, which
decreases global warming, a matter of headache worldwide. We also compare with PSO,
and it’s seen that PSO-based system emission of CO; is 6.76 ton and GA-based system
emission of COz is 4.11 ton. A comparison reveals that our proposed system reduces the
cost 72.95 times and reduces the emission of CO; 2348.14 times by only using DG-based
system. According to our system design by hourly data, there is some limitation when
collecting data in our country but our input mostly relatable according to our geographical
area. The study concludes that the optimal microgrid system satisfies the demand for load

satisfactorily without violating any constraints.
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6.3 Future Work

On the basis of our analysis, we address some of the possible dynamic fields that will carry
this approach to the next level. These are:

1. Operation can be done by changing parameters.

2. Implement such a methodology in other remote areas in our country.

3. Using Biomass or Wave energy system in the methodology

4. Using various metaheuristics algorithm.

38




(11

(31

(4]

[51

[6]

[71

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

REFERENCES

Saidur R, BoroumandJazi G, Mekhlif S, Jameel M. Exergy analysis of solar energy applications.
Renew Sust Energy Rev 2012;16:350-6.

Genwa KR, Sagar CP. Energy efficiency, solar energy conversion and storage in photogalvanic cell.
Energy Convers Manage 2013:66:121-6.

Alsayed M, Cacciato M, Scarcella G, Scelba G. Multicriteria optimal sizing of photovoltaic-wind
turbine grid connected systems. IEEE Trans Energy Convers 2013;28:370-9.

Sen R, Bhattacharyya SC. Off-grid electricity generation with renewable energy technologies in
India: an application of HOMER. Renew energy 2014; 62:388-98.

Meyar-Naimi H, Vaez-Zadeh S. Sustainable development based energy policy making frameworks,
a critical review. Energy Policy 2012:43:351-61.

Bagul, A.D., Salameh, Z. M & Borowy, B., Sizing of a stand-alone hybrid wind-photovoltaic
system using a three-event probability density approximation, Selar Energy, Vol.56, No.4, 1996,
pp. 323-335.

Abouzahr I, Ramakumar R. Loss of power supply probability of stand alone wind electric
conversion system. IEEE Trans Energy Convers 1990;5 (3):445-51.

Elhadidy MA, Shaahid SM. Role of hybrid (wind+diesel) power systems in meeting commercial
loads. Renew Energy 2004:29: 109-18.

Elhadidy MA, Shaahid S. Optimal sizing of battery storage for hybrid (wind+diesel) power systems.
Renew Energy 1999:18:77-86.

Bhattacharjee S, Acharya S. PV-wind hybrid power option for a low wind topography. Energy
Convers Manage 2015;89:942-54.

Kehe Wu, Huan Zhou, Sicheng An, Ting Huang,Optimal coordinate operation control for wind—
photovoltaic—battery storage power-generation units Energy Conversion and Management,Volume
90, 2015, Pages 466-475,ISSN 0196-8904 https://doi.org/10.1016/j.enconman.2014.11.038.

Mahapatra S, Dasappa S. Rural electrification: optimizing the choice between decentralized
renewable energy sources and grid extension. Energy Sustain Devel 2012;16(2):146-54.

Nehrir MH, Wang C, Strunz K, Aki H, Ramakumar R, Bing I, et al. A review of hybrid
renewable/alternative energy systems for electric power generation. IEEE Trans Sustain Energy
2011;2(4):392403.

Nature-Inspired Optimization Algorithms, Editor(s): Xin-She Yang, Nature-Inspired Optimization
Algorithms Elsevier,2014. Page 1, ISBN 9780124167438,

Balamurugan P, Ashok S, Jose TL. Optimal operation of biomass/wind/PV hybrid energy system
for rural areas. Int J Green Energy 2009;6:104-16.

M. Kamal, I. Ashraf and E. Fernandez, "Energy Resource Planning for a Rural Microgrid:
Comparison of Results using Different Optimization Algorithms," 2019 Second International
Conference on Advanced Computational and Communication Paradigms (ICACCP), Gangtok,
India, 2019, pp. 1-6, doi: 10.1109/ICACCP.2019.8882901.

39




[17] Q. Deng, X. Gao, H. Zhou and W. Hu, "System modeling and optimization of microgrid using
genetic algorithm," 2011 2nd International Conference on Intelligent Control and Information
Processing, Harbin, 2011, pp. 540-544, doi: 10.1109/ICICIP.2011.6008303.

(18] Borowy BS, Salameh ZM. Methodology for optimally sizing the combination of a battery bank and
PV array in a wind/PV hybrid system. IEEE Trans Energy Convers 1996;11(2):367-75.

[19] Diaf S, Diaf D, Belhamel M, Haddadi M, Louche A. A methodology for optimal sizing of
autonomous hybrid PV/wind system. Energy Policy 2007;35:5708-18.

[20] Chedid R, Rahman S. Unit sizing and control of hybrid wind-solar power systems. IEEE Trans
Energy Convers 1997;12(1):79-85.

[21] Karaboga, Dervis & Basturk, Bahriye. (2007). A powerful and efficient algorithm for numerical
function optimization: Artificial bee colony (ABC) algorithm. Journal of Global Optimization. 39.
459-471. 10.1007/s10898-007-9149-x.

[22] Nikkhajoei, H., and. Lasseter, R. H., 2009, “Distributed generation interface to the CERTS
microgrid, ” IEEE Transactions on Power Delivery., vol. 24, no. 3, pp. 1598-1608.

[23] Sivachandran, P., Venkatesh, P., and Kamaraj. N., 2007, “A Review of Wind Energy Based
Decentralized Power Generation Systems with new Developments in India” Journal of Energy &
Environment, Vol. 6, pp. 102-107.

[24] Serban, Teodorescu, R., Guerrero, J. M., and Marinescu, C., 2009, “Modelling of an Autonomous
Microgrid for Renewable Energy Sources Integration, ” IEEE Transactions on. Industrial
Electronics, IECON’09 35th Annual Conference, pp. 4311-4316.

[25] Pecas, J. A., Lopes, Moreira, C., and Madureira, A. G., 2006 “Defining control strategies for
microgrids Islanded Operation, " in [EEE Transactions on Power System., vol. 21, no. 2, pp. 916-
924,

[26] Katiraei, F., Iravani, M. R, and Lehn, P. W., 2007, “Small-signal dynamic model of a microgrid
including conventional and electronically interfaced distributed resources, ” IET Generation
Transmission and Distribution, vol. 1, no. 3, pp. 369-378.

[27] Lasseter, R. H. (2007). Microgrids and Distributed Generation. Journal of Energy Engineering,
133(3), 144-149. doi:10.1061/(asce)0733-9402(2007)133:3(144)

[28] Vandoorn, Tine L., Bert Renders and Lieven Degroote, 2011, “Active Load Control in Islanded
Microgrids based on the Grid Voltage, " IEEE Transactions on Smart Grid., vol. 2, No. 1.

[29] 2012, “Guest Editorial Special Section on Microgrids, " IEEE Transactions on Smart Grid, vol. 3,
no. 4.

[30] Yasser Abdel-Radly, Ibrahim Mohamed and Ehab Saadany, F. El., 2008, “Adaptive Decentralized
Droop Controller to Preserve Power Sharing Stability of paralleled Inverters n Distributed
Generation Microgrids” IEEE Transactions on Power Electronics., vol. 23, no. 6.

[31] Mark Summer, Abdullah Abuosorrah, David Thomas and Pericle Zanchetta, “Real Time Parameter
Estimation for Power Quality Control and Intelligent Protection of Grid connected Power Electronic
Converters, " [EEE Transactions on Smart Grid.

[32] Waleed Al-Saedi, Stefan Lachowicz, L., Daryoush Habibi, “Power Quality Improvement in
Autonomous Microgrid Operation Using Particle Swarm Optimization, ” IEEE PES in Innovative
Smart Grid Technologies., pp. 1-6.

40




[33] Eklas Hossain, Sheroz Khan and Ahad Ali “Low voltage power line characterization as a data
transfer method in public electricity distribution networks and indoor distribution networks”,
Electric Power Conference in Canada, 2008. (EPEC) 2008, Pg. No. 1-7.

[34] Azuki Abdul Salam, Ismail Adam, Fathimah Zaharah Hamildon, 2011, “Behaviour of grid
connected photo-voltaic systems, " IEEE symposium on industrial electronics and applications
(ISIEA2011), pp. 481-485.

[35] Rasheduzzaman, Md., Tamal Paul and Jonathan Kimball, W., 2014 “Markov jump linear system
Analysis of microgrid stability” IEEE transactions on American control conference (ACC), pp.
5062-5066.

[36] Luiz, A. de. Ribeiro, Osvaldo Saavedra, R., 2010, “Isolated micro-grids with Renewable Hybrid
generation: The case of Lencois island” IEEE transactions on sustainable energy.

[37] Kakran, Sandeep & Chanana, Saurabh. (2017). Smart Operations of Smart Grids Integrated with
Distributed Generation: A Review. Renewable and Sustainable Energy Reviews. 81.
10.1016/j.rser.2017.07.045.

[38] Sivachandran, P., Venkatesh, P., and Balamurugan, S., 2011, “A new real time approach using
dSPACE R&D controller board for reactive power control by SVC inautonomous wind-diesel
hybrid power systems”, Special Issue on Recent Developments and Key Issues in Wind Science,
Engineering and Technology of International Journal of Engineering, Science and Technology,
ISSN 2141-2839, Vol. 3, No. 5, pp. 30-45.

[39] Xiongfei Wang, Josep M. Guerrero, 2012, “A Review of Power Electronics Based Microgrids in
Journal of Power Electronics, ™ Vol. 12, No. 1.

[40] Driesen J. and Katiraei, F., 2008, “Design for distributed energy resources, " IEEE Power and

Energy Management., Vol. 6, No. 3, pp. 30-40.

[41] Wang, Xiongfei & Guerrero, Josep & Blaabjerg, F. & Chen, Z.. (2012). A Review of Power
Electronics Based Microgrids. Journal of power electronics. 12, 181-192.
10.6113/JPE.2012.12.1.181.

[42] Mizuguchi, K., Muroyama, S., Kuwata, Y., and Ohashi, Y., 1990, “A new decentralized dc power
system for telecommunications systems, ™ in Proc. IEEE INTELEC, pp. 55-62.

[43] Chan C. C. 2002, “The state of art of electric and hybrid vehicles, ™ Proc. IEEE, Vol. 90, No. 2, pp.
247-275.

[44) Ciezki J., and Ashton, R., 2000, “Selection and stability issues associated with a navy shipboard dc
zone electric distribution system, ” IEEE Trans. Power Del., Vol. 15, No. 2, pp. 665-669.

[45] Salomonsson, D. and Sannino, A., 2007, “Low-voltage de distribution system for commercial
power systems with sensitive electronic loads, ” IEEE Trans. Power Del., Vol. 22, No. 3, pp. 1620-
1627.

[46] Borup, U., Nielsen, B., and Blaabjerg, F., 2004, “Compensation of cable voltage drop and
automatic identification of cable parameters in 400 Hz ground power units, ”* I[EEE Trans. Ind.
Appl., Vol. 40, No. 5, pp. 1281-1286.

[47) Takahashi, . and Su, G., 1989, “A 500 Hz power system-applications, ™ in Proc. [EEE IAS, pp.
996-1002.

41




[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[591

[60]

[61]

[62]

[63]

[64]

[65]

Jiang Z. and Yu, X., 2007, “Hybrid DC-and AC-linked microgrids: towards integration of
distributed energy resources, " in Proc. IEEE Energy 2030, pp. 1-8, 2007.

Barave, S. and Chowdhury, B., 2007, “Hybrid AC/DC power distribution solution for future space
applications, ™ in Proc. IEEE PESGM, pp. 1-8.

Hirose, K., Takeda, T., and Fukui, A., 2007 “Field demonstration on multiple power quality supply
system in Sendai, Japan, ” in Proc. EPQU, pp. 1-6.

K. Hirose, T. Takeda, and A. Fukui, “Field demonstration on hybrid system in Sendai, Japan, ™ in
Proc. EPQU, pp. 1-6, 2007.

C. Darwin, On the Origin of Species by Means of Natural Selection, J. Carroll, Ed., Broadview,
Toronto, Canada, 2003.

J. H. Holland, Adaptation in Natural And Artificial Systems, University of Michigan Press, Ann
Arbor, Mich, USA, 1975.

D. E. Goldberg, Genetic Algorithms in Search, Optimization and Machine Leaming, Addison-
Wesley Longman Publishing Co.,Inc., 1989.

Amjad, M. K., Butt, S. 1., Kousar, R., Ahmad, R., Agha, M. H., Faping, Z., ... Asgher, U. (2018).
Recent Research Trends in Genetic Algorithm Based Flexible Job Shop Scheduling Problems.
Mathematical Problems in Engineering, 2018, 1-32. doi:10.1155/2018/9270802

T. El-Ghazali, Metaheuristics: From Design to Implementation, vol. 74, JohnWiley & Sons, 2009.

T. Alam "Design a blockchain-based middleware layer in the Internet of Things Architecture, "
JOIV : International Journal on Informatics Visualization, vol. 4,no. 1, , pp. 28 - 31 Feb. 2020.

Shapiro, Jonathan. "Genetic algorithms in machine learning.” In Advanced Course on Artificial
Intelligence, pp. 146-168. Springer, Berlin, Heidelberg, 1999.

Jedlicka, P., Ryba, T. Genetic algorithm application in image segmentation. Pattern Recognit.
Image Anal. 26, 497-501 (2016).

Baker, Barrie M., and M. A. Ayechew. "A genetic algorithm for the vehicle routing
problem."Computers & Operations Research 30, no. 5 (2003): 787-800.

Sivanandam, 5. N., and S. N. Deepa. "Genetic algorithm optimization problems.” In Introduction to
genetic algorithms, pp. 165-209. Springer, Berlin, Heidelberg, 2008.

Brooks, Arthur C. "Genetic algorithms and public economics." Journal of Public Economic Theory
2, no. 4 (2000): 493-513.

Whitley, D., Starkweather, T. and Bogart, C., 1990. Genetic al gorithms and neural networks:
Optimizing connections and connectivity. Parallel computing, 14(3), pp.347-361.

Nugroho, E.D., Wibowo, ME. and Pulungan, R., 2017, July. Parallel implementation ofgenetic
algorithm for searching optimal parameters of artificial neural networks. In 2017 3rd International
Conference on Science and Technology-Computer (ICST) (pp. 136-141).IEEE.

Shrivastava, P., Dhingra, S.L. and Gundaliya, P.J., 2002. Application of genetic algorithm for

scheduling and schedule coordination problems. Journal of advanced transportation, 36(1), pp.23-
41.

42




[66] [National Renewable Energy Laboratory (USA). <www.nrel gov/homer> [last accessed April,
2016].

(671 Vijini Mallawaarachchi (Jul 08, 2017). Introduction to Genetic Algorithms — Including Example
Code. towardsdatascience. https://towardsdatascience.com/introduction-to-genetic-algorithms-
including-example-code-e396e98d8b{3

43




(PL2)ET161063_ET161058_EMRI_Optimization GA_report -

Copy

ORIGINALITY REPORT

19. 10. 13. 6.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Shakti Singh, Mukesh Singh, Subhash Chandra 70/
Kaushik. "Feasibility study of an islanded °
microgrid in rural area consisting of PV, wind,

biomass and battery energy storage system",

Energy Conversion and Management, 2016

Publication

Submitted to University of Southern Mississippi 2
Student Paper %

xenia.media.mit.edu 1
Internet Source %

=

WWW.wseas.us 1 Y
(0]

Internet Source

£l

Tanweer Alam, Shamimul Qamar, Amit Dixit, 1 o
Mohamed Benaida. "Genetic Algorithm: °
Reviews, Implementations, and Applications”,
International Journal of Engineering Pedagogy

(iJEP), 2020

Publication

jjraset.com



Internet Source

1o

B B

www.hindawi.com
Internet Source < 1 %
hdl.handle.net

n Internet Source <1 %
WWW.grin.com

n Internet S%urce <1 %
Submitted to King's College

Student Paper g g <1 %
Submitted to K L Universit

Student Paper y <1 %
eprints.nottingham.ac.uk

IntFe)rnet Source g <1 %
M.S. Ismail, M. Moghavvemi, T.M.l. Mahlia.

i T <1
"Genetic algorithm based optimization on
modeling and design of hybrid renewable
energy systems", Energy Conversion and
Management, 2014
Publication
creativecommons.or

Internet Source g <1 %

Md Kamal, Imtiaz Ashraf, Eugene Fernandez. <1 o

"Energy Resource Planning for a Rural



Microgrid: Comparison of Results using
Different Optimization Algorithms", 2019 Second
International Conference on Advanced
Computational and Communication Paradigms
(ICACCP), 2019

Publication

Submitted to Curtin University of Technolo

Student Paper y gy <1 %
repository.um.edu.m

InteE:]et Sourcey y <1 %
www.slideshare.net

Internet Source <1 %
docplayer.net

InterneESouyrce <1 %
Progress in Clean Energy Volume 2, 2015.

Publicgtion oY <1 %

Seon-Ju Ahn, Joon-Ho Choi. "Power Sharing <1 o
and Frequency Control of an Autonomous °
Microgrid Considering the Dynamic
Characteristics of Distributed Generations”,
Journal of International Council on Electrical
Engineering, 2014
Publication

Smart Energy Grid Design for Island <1 o

Countries", Springer Nature, 2017

Publication




A.K.M. Sadrul Islam, Md. Mustafizur Rahman, <1 o
Md. Alam H. Mondal, Firoz Alam. "Hybrid °
energy system for St. Martin Island,

Bangladesh: An optimized model", Procedia
Engineering, 2012
Publication

dfs.semanticscholar.or

IFr)1ternet Source g <1 %
inba.info

Internet Source <1 %

Arabali, A., M. Ghofrani, M. Etezadi-Amoli, M. S. <1 o
Fadali, and Y. Baghzouz. "Genetic-Algorithm- °
Based Optimization Approach for Energy
Management", IEEE Transactions on Power
Delivery, 2012.

Publication
opencommons.uconn.edu

IntErnet Source <1 %
worldwidescience.or

Internet Source g <1 %
link.springer.com

Internet Spourceg <1 %
mafiadoc.com

Internet Source <1 %

B
—

Litchy, A.J., C. Young, S.A. Pourmousavi, and



M.H. Nehrir. "Technology selection and unit

sizing for a combined heat and power microgrid: <1 Yo
Comparison of WebOpt and HOMER application
programs”, 2012 North American Power
Symposium (NAPS), 2012.
Publication
Submitted to Mount Kenya Universit
Student Paper y y <1 %
WWW.CS.Uoi.gr
Internet Source g <1 %
Yashwant Sawle, S.C. Gupta, Aashish Kumar <1 o
Bohre. "Review of hybrid renewable energy °
systems with comparative analysis of off-grid
hybrid system", Renewable and Sustainable
Energy Reviews, 2018
Publication
vbn.aau.dk
Internet Source <1 %
eprints.usm.my <1 .
Internet Source A)
Submitted to International Islamic University <1 o
Chittagong °
Student Paper
oa.upm.es
Internet%ource <1 %




B
(o)

WWW.Sersc.org

Internet Source

<1%

ikee.lib.auth.gr
Internet Source g <1 %
Sumon Rashid, S. Rana, S.K.A. Shezan, Sayuti <1 o
A.B. Karim, Shamim Anower. "Optimized design °
of a hybrid PV-wind-diesel energy system for
sustainable development at coastal areas in
Bangladesh", Environmental Progress &
Sustainable Energy, 2017
Publication
Martinez, A., D. Abbes, and G. Champenois. <1
: . %
"Eco-design optimisation of an autonomous
hybrid wind—photovoltaic system with battery
storage", IET Renewable Power Generation,
2012.
Publication
www.snvworld.or
Internet Source g <1 %
eprints.utm.m
IntErnet Source y <1 %
dspace.iiuc.ac.bd
Interrr?et Source <1 %
downloads.hindawi.com
Internet Source <1 %




Submitted to Skolkovo Institute of Science and <1 .
Yo

Technology (Skoltech)
Student Paper
scholarlyrepository.miami.edu

Internet SourZa p ry <1 %
faratarjome.ir

Internet SoJurce <1 %

Ismail, M.S., M. Moghavvemi, and T.M.l. Mahlia. <1 y
"Optimization of a PV/microturbine hybrid °
system for tropical climates", 2013 3rd
International Conference on Electric Power and
Energy Conversion Systems, 2013.
Publication

Arthur C. Brooks. "Genetic Algorithms and <1 o
Public Economics", Journal of Public Economic °
Theory, 10/2000
Publication

Xiongfei Wang, Josep M. Guerrero, Frede <1 o
Blaabjerg, Zhe Chen. "A Review of Power °
Electronics Based Microgrids", Journal of Power
Electronics, 2012
Publication

Ramazan Bayindir, Eklas Hossain, Seyfettin <1 o

Vadi. "The path of the smart grid -the new and
improved power grid", 2016 International Smart
Grid Workshop and Certificate Program



(ISGWCP), 2016

Publication

hdessay.com
IEternet Sourcz <1 %
Singh, Shakti, Mukesh Singh, and Subhash <1 o
Chandra Kaushik. "Feasibility study of an °
islanded microgrid in rural area consisting of PV,
wind, biomass and battery energy storage
system", Energy Conversion and Management,
2016.
Publication
"[Front matter]", 2017 Smart Grid Conference <1 o
(SGC), 2017
Publication
Exclude quotes On Exclude matches Off

Exclude bibliography On



	(PL2)ET161063_ET161058_EMRI_Optimization GA_report - Copy
	by Iiuc Central Library

	(PL2)ET161063_ET161058_EMRI_Optimization GA_report - Copy
	ORIGINALITY REPORT
	PRIMARY SOURCES


