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ABSTRACT 
Because of the worldwide energy problem, worries about fuel depletion, power outages, and global 
warming are growing more and more serious. Distributed generators from renewable sources like solar 
and wind may help solve these issues. Microgrids are a hotbed of study because they serve as a vital 
link between scattered renewable energy providers and the rest of the grid. The integration of microgrid 
technology at the load level has been the focus of recent study in the area of microgrids. Traditional 
power grids are obsolete because of the difficulty of protecting and controlling several linked dispersed 
generators. Alternatives to the traditional grid, such as a microgrid, are viable because they offer a 
small platform for the integration of micro resources distributed generators and storage devices at the 
end users. It is possible to design a microgrid to work either in grid-connected or stand-alone mode 
depending on the generation, integration potential, and the needs of the consumers. An entirely new 
power framework is being created by integrating distributed energy resources-based microgrids with 
traditional power systems. However, the grid's management, protection, operational stability, and 
dependability are key challenges. However, microgrids have not yet been put into practice in real time 
or commercialized. An in-depth assessment of the different issues related to microgrids in terms of 
both technical and economic factors and problems is presented in this review paper.  
Keywords: Frequency Control, Renewable Energy Resources (RERs), Micro-resources, Microgrids 
(MGs), Power System Stability, PQ Droop, Electrical Energy Storage Devices (EESDs), Microgrid 
Control, Power Quality, Smart Grid (SG) 

INTRODUCTION 
 

  

Electricity consumption has skyrocketed in 
recent years due to the increasing 
modernisation of nations. Conventional 
sources of energy, such as coal, diesel, and gas, 
are insufficient to fulfill the growing demand 
for electricity. In addition, these resources have 
negative environmental impacts. In order to 
meet the growing demand for electricity, 
scientists are working to replace the present 
power system with renewable-energy-based 
solutions. Renewable energy resources (RERs) 
are becoming increasingly popular and widely 
used as a result, and new technologies are being 
created to make use of RERs [1]. The top ten 
nations in 2019 for RER power production are 
shown in Table 1. According to International 
Renewable Agency, Abu Dhabi, the proportion 

of electricity generated by different RERs in 
2016 [2].  

Figures 2 and 3 depict the present and 
prospective rates of energy production and 
generation as a whole from RERs (renewable 
energy resources). To put it another way, the 
traditional power system is becoming more 
complex and vulnerable because of the growing 
use of RERs-based power plants [3]. System 
unreliability is being exacerbated by aging 
transmission and distribution infrastructure as 
well as an increase in the number of electric 
grids [4]. Distributed generation (DG), RER-
based microgrids (MG), and energy storage 
systems (ESS) are examples of novel solutions 
that have evolved in recent decades. From 2018 
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to 2027, it is estimated that annual capacity 
installations and expenditure on MGs would 
increase fivefold, according to a statistical 
study shown in Fig. 4. 
The advent of microgrids has allowed for 
unprecedented levels of electricity and 
operating system customization. In order to 
study the stability and resilience of the power 
supply, the network comprises of numerous 
parallel distributed generators (DGs) using 
control approaches [1]. Other renewable energy 
sources that may be used include photovoltaic, 
wind turbine, and micro-turbine systems [2–3]. 
Energy storage systems (ESS) and other power 
sources are linked to a shared AC bus in Figure 
1 to show the microgrid network's structure and 
how it distributes electricity to loads. Figure 1. 
The electricity flows between the main grid and 
microgrids at a common coupling point (PCC). 
The power inverters used in microgrids must be 
able to work at a high level in order to 
maximize their efficiency. Droop control is 
meant to examine the sharing of active and 
reactive power in a microgrid, without any 
communication protocol, such that there is a 
minimized divergence between P–f and Q–V 
under inductive impedance conditions [6,7]. 
[6,7]. The droop control approach developed in 
this work enhances power sharing across 
parallel inverters by constructing an advanced 
level optimum control algorithm. Several 
researchers have already come up with new 
ways to manage the disease. When using high 
resistive transmission lines and virtual 
impedance, the droop control performance was 
increased [8,9]. 
[10,11] presents an improved control method 
that incorporates droop control in order to 
address many of the issues caused by the 
existing sharing mistake. [12] discusses the 
droop management approach for achieving 
efficient power sharing dynamic performance 
in complicated impedance line conditions. The 
transient response of the energy storage devices 
was controlled by raising the virtual initial in 
the microgrid using the power management 
approach [13]. A CLO-FLLWPF (circular 
limited cycle oscillator frequency locked loop 
with prefilter) control was utilized in island 
mode for voltage and frequency regulation to 
adjust for power sharing across parallel inverter 
sources using the robust control approach [14].  

Inverters with capacitive coupling and droop 
control for virtual-impedance are used to 
reduce the mistake in power sharing. Microgrid 
quality and administration have been the 
subject of several research in the last few years. 
Among them are Harris hawks optimization 
(HHO), and the water cycle algorithm (WCA). 
In [18], the hierarchal secondary control is used 
to adjust the voltage and frequency in 
accordance with the rated levels. Control 
methods like standard droop control have a 
number of drawbacks that include a lack of 
power-sharing in the event of nonlinear or 
unbalanced loads, delayed dynamic response, 
voltage and frequency deviations, and 
mismatches. Other control methods, such as 
angle droop control and single injection 
technique, have poor power sharing as well as 
poor voltage regulation and frequency 
regulation [19]. Droop control must be 
enhanced to get the greatest outcomes in power 
sharing in order to address these issues. 
An artificial bee colony algorithm combined 
with the H technique offers an improved droop 
control strategy (ABC). Using the island mode, 
the research examines the best way to distribute 
transient power across parallel inverters. Small-
signal microgrid model with two inverters was 
used to create the controller. Additionally, the 
research suggests an unique droop arrangement 
to increase the active and reactive power-
sharing without the need for constant 
monitoring of the PCC voltage. With the H PID 
controller with ABC droop control, we were 
able to achieve the stability between DC link 
and inverter power flow by determining the 
setpoint power of active and reactive reference 
power of AC inverters, as well as testing the 
proposed controller under various load 
situations and comparing its performance to 
another controller. To achieve the following 
goals: (1) eliminate steady-state errors for 
output signals; (2) reduce the overshoot of 
transient response as appropriate for the 
application; and (3) improve robustness against 
external disturbances, which refers to errors 
that affect the system's performance. Parallel 
inverter stability performance is discussed 
using analytical methods of droop control to 
design the self-tuning PID of the coefficient 
power by H optimal controller using the 
artificial bee colony (ABC) algorithm, while 
the results with ABC algorithm without using 
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H controller are compared to conventional 
droop control and particle swarm optimization 
(PSO) algorithm, respectively. 
Energy storage devices (EESDs) and local 
loads make up a microgrid, which provides 
power to important places. MG's primary goal 
is to maintain system stability in the event of 
network outages [5–6]. MGs have been the 
subject of several definitions [7] and functional 

categorization methods [8]. An official 
description provided by the US Department of 
Energy's MG Exchange Group is as follows: "A 
microgrid is a controlled structure to the main 
grid that runs within well-defined electrical 
boundaries and has various yet coordinated 
loads and generating units." Grid-tied and self-
sufficient modes may be served by an MG that 
can connect and disengage from the utility grid 
[9].

 
 

 

 
Figure 1: Using a variety of resources to generate electricity a year in the future 
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Figure 2: Expected Growth Rate of RER-Generated Power [2] 

 
There are several advantages to using an MG in 
the electricity industry, such as: Network 
stability and efficiency were boosted due to the 
reduction of supply system losses. 
Decreased impact on the environment 
All micro-resources and loads are supplied with 
uninterrupted electricity in an isolated manner. 

It helps keep local power grids running 
smoothly, which in turn improves the quality of 
the whole system. 
Isolated and grid-connected modes may be 
easily switched by plugging and unplugging 
In the event of a main grid failure, it serves as a 
standby power source. 

 

 
Figure 3:  Renewable Energy Production as a Share of Total Electricity Generation [2] 

 

 
Figure 4: Base Scenario, 2018–2027-Annual Microgrid Capacity and Spending, 2018–2027 
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Unidirectional power flow from the substation 
to the load is typical in traditional distribution 
networks When an MG is added to the 
distribution network, the prototype for 
unidirectional electricity flows becomes 
bidirectional. MG integration into the 
traditional system might have detrimental 
effects on protection, control, quality, supply 
dependability, outage resynchronization time, 
and safety if not appropriately planned. [13]. It 
is possible to prevent the negative impacts of 
MG integration on electric supply systems with 
more study and cautious technological designs. 
Other issues that need to be addressed in order 
to get the best possible system performance are 
related to the way MGs operate. Other primary 
mover technologies that make up an MG [14] 
include solar photovoltaics (PV), fuel cells 
(FC), internal combustion engines (ICE), and 
gas engines. Energy storage systems, solar and 
wind power generation need voltage source 
inverters and controllers to allow flexible 
operation. The goal of this article is to examine 

MG's technical and economic elements, outline 
current control measures, provide an overview 
of technological obstacles and potential 
solutions, examine MG's limits, and look 
forward to future opportunities. These are the 
sections of the paper: There are several 
technical elements of MGs covered in Section 
2. In Section 3, economic and market factors 
are discussed in detail. Section 4 discusses a 
variety of power flow controllers. In this 
section, we'll look at some of the more complex 
technological issues and how they could be 
overcome. The importance of MG in achieving 
smart grid implementation is discussed in 
Section 6. Sections 7 and 8 focus on the limits 
and future of MGs. Section 8 is the last part of 
this survey. 
Technical Aspects of MGs  
MG integration with power systems is 
discussed in this section. According to Fig. 5, 
distributed generators and storage systems are 
among the MG's related components.

 

 
Figure 5: Design Architecture of an MG [15] 

 
Stability  
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We'll look at some of the issues with power 
system stability brought on by MGs and DGs 
having such a wide range of operating 
characteristics in this part. There are three basic 
causes for the instability: 
Angular and frequency instability are the 
consequence of decreased system inertia. 
Reducing the energy distribution will lead to 
a decrease in the voltage's stability. 
A change in the power-sharing ratio may cause 
lower frequency oscillations. The quality and 
stability of electric power may be improved by 
decentralizing the supply and maintaining a 
healthy demand-to-supply ratio [28]. 

Devices for storing electrical energy 
MGs powered by solar or wind energy may 
now store significant amounts of energy in the 
Vanadium Redbox Flow (VRF) battery, a 
relatively new large-scale energy storage 
technology. A large initial investment in VDF 
batteries is justified by the fact that they are 
scalable, rapid to respond, have great storage 
capacity, and are very efficient [35].  
Stock Storage Device Control  
When using MGs, power is balanced by using 
energy storage devices. This goal requires 
precise charge-discharge control methods. In 
the literature, there are a variety of control 
methods. Fuzzy control for an ESS was 
presented by A. Mu-ti et al. [36] as an approach 
for increasing wind farm output power rates.  
Concerns about the environment 
 [41, 42] The greenhouse effect, global 
warming, and environmental hazards caused by 
harmful CO2 emissions and pollutants are 
primary drawbacks of traditional power plants. 
Environmentally friendly microresources are 
those that use RER technology [2]. This means 
we must shift from fossil fuels like oil and coal 
to renewable energy sources. MWh per month 
is 7.440 MWh, and MWh per year is 233.7946 
MWh, respectively, are the Micro-Hydro 
generating and consumption figures. 
Kilowatthours of electricity produce 381 g of 
carbon dioxide emissions. The intensities are 
computed using a life-cycle analysis, which 
takes into account emissions from production, 
labor, crushing, and disposal. A decrease in 
CO2 emissions owing to RER-based MGs is 

shown in Table 2. The MGs, micro-hydro, and 
wind farms' monthly CO2 emissions are shown 
in Fig. 6. When each source is utilised to 
provide power to the load, CO2 emissions are 
greatly reduced. The use of RER-based MGs in 
isolated rural areas demonstrates that they have 
a favorable influence on the environment. 
Economic and Market Considerations  
Voltage Source Inverter (VSI) and Current 
Source Inverter (CSI) interface bus active 
power, voltage, and current of DERs determine 
the economics of an MG [44]. In grid-tied 
mode, MGs' output is effectively regulated to 
control transformer and feeder losses. EESDs 
have a direct influence on the economics of 
MGs during their whole life period, hence good 
power regulations must consider their optimal 
usage. [45] MGs must overcome a number of 
obstacles before they can be fully incorporated 
into the utility network. The establishment of 
adequate funding structures and the decrease of 
investment are three economic challenges [46], 
[47]. One of the major issues is the involvement 
of MGs in the market. Supporting various 
company models may have short-term benefits. 
Technological improvements and financial 
policies should, on the other hand, be geared 
toward making them more competitive in the 
long term. A more advanced MG model is now 
possible because of this [48]. Cost-optimization 
criteria for MG include MG-setup, 
optimization approaches, and the standard 
model 48], 49. The entire cost of an MG is 
estimated by the development cost and the costs 
of the distribution network operator. An 
EESD's kind, installation and operating costs 
all contribute to the overall development cost of 
a project. The DNO cost is calculated by adding 
up the costs of voltage balancing, frequency 
control, equipment maintenance, over- and 
under-loading, and adaptive fault limitations. 
Influencer Controls 
Adjusting line characteristics, such as node 
voltages, phase angle, and line impedance, is 
done in real time by the unified power flow 
controller (UPFC) in order to govern power 
flow in transmission lines [52]. Reliability is 
ensured by the MG's control system in both 
modes of operation. A centralized or 
decentralized control structure may be used for 
the MG control system. In terms of 
dependability and robustness, the distributed 
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control structure is superior to the centralized 
one [53]. The cheap cost of the control and 
communication infrastructure makes voltage 
droop management schemes a popular choice 
for managing power sharing across parallel 
energy storage units in an islanded DC 
microgrid. However, the classic droop control 
approach requires a high number of voltage and 
current sensors [54].  
For power-sharing control, the Droop method 
refers to systems that work without inter-unit 
communications to guide the production of 
individual DGs to fit a certain demand [55]. 

Droop systems, on the other hand, have been 
widely implemented because of their 
complexity, expensive costs, and the 
supervisory system's inadequate dependability. 
Drooping control is the primary control method 
used by inverters placed in distant locations. 
System reliability, stability and layoff during 
service are improved by droop's lack of 
interunit communication and cooperation in 
load sharing ([56]). It is possible to replace or 
detach a single module without shutting down 
the complete system because of plug-and-play 
functionality.

 

 
Figure 6: PQ Droop Control Scheme 

 

 
Figure 7: VID Control Scheme [67] 

 
 
Conclusion  
RERs-based DGs and utility grids/loads rely on 
MGs as crucial interfaces. They have the 
potential to be an important building element 

for future SGs since they are the fundamental 
phase of current grid systems. Traditional 
energy systems can no longer compete with 
their numerous benefits over renewable energy 
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sources. These include more control, greater 
adaptability, enhanced dependability, better 
power quality, lower cost and greater 
environmental friendliness. MGs may be 
configured to run independently or in grid-
integrated modes, MG to face control and 
protection concerns when in autonomous 
mode. Integrity problems lead to control and 
protection challenges when machines are grid-
tied. There are several reasons why grid 
connectivity and power-sharing methods are 
crucial for an MG's successful functioning. For 
the sake of this study, we will focus on the 
technical features of MGs together with the 
economic and market aspects of their 
commercialization. Recent MG control 
systems, technical challenges with MG 
integration into power grids, and workable 
solutions are all covered in this article. Droop 
control measures have lately been a concern for 
researchers. Accordingly, it should be noted 
that there is little agreement on how MGs 
switch and operate their systems. Additionally, 
this essay examines the role of MGs in the 
development of future Smart Grids and their 
limitations and potentials. For the increased 
need for dependable, ecologically friendly, and 
cost-effective electricity, MGs are becoming 
more popular. In the foreseeable future, MGs 
will play a vital role in electrifying isolated and 
rural areas. 
References  
1. G. K. Suman, J. M. Guerrero, and O. P. 

Roy, “Robust frequency control in 
interconnected microgrids: An H2/H∞ 
control approach,” IEEE Syst. J. (Early 
Access), 2021, DOI: 
10.1109/JSYST.2021.3108685.  

2. G. E. Irena, “Renewable capacity statistics 
2017,” Int. Renew. Energy Agency, Abu 
Dhabi, 2017. [Online]. Available: 
http://irena.org.  

3. Z. Fan, B. Fan, J. Peng, and W. Liu, 
“Operation loss minimization targeted 
distribution optimal control of DC 
microgrids,” IEEE Syst. J., (Early Access), 
Nov. 23, 2020, DOI: 
10.1109/JSYST.2020.3035059.  

4. Y. Yoldas, A. Önen, S. M. Muyeen, A. V. 
Vasilakos, and I. Alan, “Enhancing smart 
grid with microgrids: challenges and 
opportunities,” Renew. Sustain. Energy 
Rev., vol. 72, pp. 205-214, May 2017.  

5. O. Palizban and K. Kauhaniemi, 
“Microgrid control principles in island 
mode operation,” in 2013 IEEE Grenoble 
Conf., Grenoble, France, Jun. 2013, pp. 1-
6.  

6. W. Al-Saedi, S.W. Lachowicz, D. Habibi, 
and O. Bass, “Power flow control in grid-
connected microgrid operation using 
particle swarm optimization under variable 
load conditions,” Intl. J. Elec. Power 
Energy Syst., vol. 49, pp. 76-85, Jul. 2013.  

7. D. E. Olivares, A. M. Sani, A. H. Etemadi, 
C. A. Canizares, R. Iravani, M. Kazerani, 
A. H. Hajimiragha, O. Gomis-Bellmunt, M. 
Saeedifard, R. Palma-Behnke, G. A. 
Jimenez-Estevez, and N. D. Hatziargyriou, 
“Trends in microgrid control,” IEEE Trans. 
Smart Grid, vol. 5, no. 4, pp. 1905-1919, 
Jul. 2014.  

8. F. M. Martínez, A. S. Miralles, and M. 
Rivier, “A literature review of microgrids: 
a functional layer based classification,” 
Renew. Sustain. Energy Rev., vol. 62, pp. 
1133-1153, Sep. 2016.  

9. D. T. Ton and M. A. Smith, “The US 
department of energy's microgrid 
initiative,” Elec. J., vol. 25, no. 8, pp. 84-
94, Oct. 2012.  

10. G. E. Irena, “Renewable electricity 
generation country ranking 2019,” Int. 
Renew. Energy Agency, Abu Dhabi, Abu 
Dhabi, 2019. [Online]. Available: 
http://irena.org  

11. E. Wood, “What’s Driving Microgrids 
toward a $3.9B Market?” Microgrid 
Knowledge, Aug. 2018, [Online]. 
Available: 
https://microgridknowledge.com/microgrid
-market-navigant/. [12] J. Cardell and R. 
Tabors, “Operation and control in a 
competitive market: distributed generation 
in a restructured industry,” Energy J., vol. 
1, pp. 111-136, Sep. 1997.  

12. K. V. Vidyanandan and B. Kamath, “Grid 
integration of renewables: challenges and 
solutions,” presented at the Emerg. Energy 
Scenario in India- Issues, Challenges, and 
Way Forward, Neyyeli, Tamil Nadu, India, 
2018.  

13. F. D. Kanellos, A. I. Tsouchnikas, and N. 
D. Hatziargyriou, “Microgrid simulation 
during grid-connected and islanded modes 
of operation,” presented at the Int. Conf. 



 Rita Khatri et al.,                                                                            International Journal of Innovative Computer Science & Engineering 

Pa
ge
9	

Power Syst. Transients (IPST’05), 
Montreal, Canada, Jun. 2005.  

14. S. Paul, A. Tamrakar, and N. P. Padhy, 
“Demand side management based optimal 
scheduling portfolio of a microgrid in linear 
programming platform,” in 2018 20th Nat. 
Power Syst. Conf. (NPSC), Tiruchirappalli, 
India, Dec. 2018, pp. 1-6.  

15. A. Micallef, M. Apap, C. S. Staines, and J. 
M. Guerrero, “Mitigation of harmonics in 
grid-connected and islanded microgrids via 
virtual admittances and impedances,” IEEE 
Trans. on Smart Grid, vol. 8, no. 2, pp. 651 
– 661, Mar. 2017.  

16. M. H. Karimi, S. A. Taher, Z. D. Arani, and 
J. M. Guerrero, “Imbalance power sharing 
improvement in autonomous microgrids 
consisting of grid feeding and grid- 
supporting inverters,” in 7 th Iran Wind 
Energy Conf. (IWEC2021), Shahrood, Iran, 
May 2021, pp. 1- 6.  

17. Y. W. Li, D. M. Vilathgamuwa, and P. C. 
Loh, “A grid-interfacing power quality 
compensator for three-phase three-wire 
microgrid applications,” IEEE Trans. 
Power Electron., vol. 21, no. 4, pp. 1021-
1031, Jul. 2006. 

18. M. A. Khan, A. Haque, V. S. Kurukuru, H. 
Wang, and F. Blaabjerg, “Standalone 
operation of distributed generation system 
with improved harmonic elimination 
scheme,” IEEE J. Emerg. Select. Top. 
Power Electron., (Early Access), May. 
2021. DOI: 
10.1109/JESTPE.2021.3084737.  

19. [20] W. A. Halim, T. N. A. Azam, K. 
Applasamay, and A. Jidin, “Selective 
harmonic elimination based on Newton-
Raphson method for cascaded H-bridge 
multilevel inverter,” Intel. J. Power 
Electron. Drive Syst., vol. 8, no. 3, pp. 
1193-1202, Sep. 2017.  

20. F. Chishti, S. Murshid, and B. Singh, 
“Frequency adaptive multistage harmonic 
oscillator for renewable-based microgrid 
under non-ideal grid conditions,” IEEE 
Trans. Indus. Electron., vol. 68, no. 1, pp. 
358–369, Jan. 2021.  

21. A. H. Elmetwaly, A. A. Eldesouky, and A. 
A. Sallam, “An adaptive D-FACTS for 
power quality enhancement in an isolated 
microgrid,” IEEE Access, vol. 8, pp. 57923 
– 57942, Mar. 2020.  

22. L. A. Paredes, M. G. Molina, and B. R. 
Serrano, “Resilient microgrids with 
FACTS technology,” 2020 IEEE PES 
Trans. Dist. Conf. Exhib. (T&D LA), 
Montevideo, Uruguay, Oct. 2020, pp. 1-6.  

23. L. A. Paredes, M. G. Molina, and B. R. 
Serrano, “Improvements in the voltage 
stability of a microgrid due to smart 
FACTS- an approach from resilience,” in 
IEEE ANDESCON, Quito, Ecuador, Oct 
13- 16, 2020, pp. 1-6.  

24. S. Sen and V. Kumar, “Microgrid control: a 
comprehensive survey,” Ann. Rev. Control, 
vol. 45, pp. 118-151, 2018.  

25. Y. Hong and M. T. A. M. Cabatac, “Fault 
detection, classification and location by 
static switch in microgrids using wavelet 
transform and Taguchi-based artificial 
neural network,” IEEE Syst. J., vol. 14, no. 
2, pp. 2725–2735, Jun. 2020.  

26. J. Shailendra, “Power Quality: An 
Introduction”, in Modeling and Control of 
Power Electronics Converter System for 
Power Quality Improvements, Academic 
Press, 2018, ch.1, pp. 1-29.  

27. P. Gaur and S. Singh, “Investigations on 
issues in microgrids,” J. Clean Energy 
Tech., vol. 5, no. 1, pp. 47-51, Jan. 2017.  

28. P. Gopakumar, M. J. Reddy, and D. K. 
Mohanta, “Stability concerns in smart grid 
with emerging renewable energy 
technologies,” Elect. Power Comp. Syst., 
vol. 42, pp. 418-425, Feb. 2014.  

29. S. Parhizi, H. Lotfi, A. Khodaei, and S. 
Bahramirad, “State of the art in research on 
microgrids: a review,” IEEE Access, vol. 3, 
pp. 890- 925, Jun. 2015.  

30. D. H. Pham, G. Hunter, L. Li, and J. Zhu, 
“Microgrid topology for different 
applications in Vietnam,” in 22nd Aust. 
Universities Power Eng. Conf. (AUPEC), 
Bali, Indonesia, Sep. 2012, pp. 1-6.  

31. M. Yu and Z. H. Zhao, “Power 
management for DC microgrid cluster with 
renewable microgeneration,” in Renewable 
Energy Microgeneration Systems, 
Academic Press, 2021, ch.12, pp. 265- 284.  

32. Y. Guo, Z. Zhao, and L. Huang, “SoC 
estimation of lithium battery based on 
AEKF algorithm,” Energy Procedia, vol. 
105, pp. 4146- 4152, May 2017.  

33. B. A. Kalwar, W. Zong, I. Ahmed, M. H. 
Saeed, “Ti atom doped single vacancy 



 Rita Khatri et al.,                                                                            International Journal of Innovative Computer Science & Engineering 

Pa
ge
10
	

silicone for Hydrogen energy storage: DFT 
Study,” J. Chin. Chem. Soc., (Early view), 
Nov. 2021. DOI: 10.1002/jccs.202100369.  

34. K. Lourenssen, J. Williams, F. Ahmadpour, 
R. Clemmer, and S. Tasnim, “Vanadium 
redox flow batteries: A comprehensive 
review,” J. Energy Stor., vol. 25, 2019, Art. 
No. 100844.  

35. A. Mu-ti, C. Qin, T. E. Y. Bu-la-yin, and L. 
Jian-Chun, “Application of fuzzy control 
for the energy storage system in improving 
wind power prediction accuracy,” Amer. J. 
Energy Res., vol. 1, no. 3, pp. 54–58, 2013.  

36. X. Tan, Q. Li, and H. Wang, “Advances and 
trends of energy storage technology in 
Microgrid,” Int. J. Elec. Power, vol. 44, pp. 
179–191, Jan. 2013.  

37. A. Zeng, Q. Xu, M. Ding, K. Yukita, and K. 
Ichiyanagi, “A classification control 
strategy for energy storage system in 
microgrid,” IEEJ Trans. Elec. Electron. 
Eng., vol. 10, pp. 396–403, Mar. 2015.  

38. G. Capizzi, F. Bonanno, and G. M. Tina, 
“Recurrent neural network-based modeling 
and simulation of lead-acid batteries 
charge-discharge,” IEEE Trans. Energy 
Conv., vol. 26, pp. 435– 443, Jun 2011.  

39. A. Ortega and F. Milano, “Comparison of 
different control strategies for energy 
storage devices,” in the 19th Power Syst. 
Comput. Conf. (PSCC), Genoa, Italy, Jun. 
2016, pp. 1-7. 
D. Cebrucean, V. Cebrucean, and I. Ionel, 
“CO2 capture and storage from fossil fuel 
power plants,” Energy Procedia, vol. 63, 
pp. 18-26, Dec. 2014.  

40. M. Sullivan, M. Gravatt, and J. Popineau, 
“Carbon dioxide emissions from 
geothermal power plants,” Renew. Energy, 
vol. 175, pp. 990-1000, Sep. 2021.  

41. J. Khazaei and C. Schlauderaff, “Data on 
reducing carbon footprint in microgrids 
using distributed battery energy storage,” 
Data in Brief, vol. 27, Dec. 2019, Art. No. 
104679.  

42. S. Cai, S. Wang, C. Wang, and G. Jia, 
“Economic perspective of smart grid,” 
Automat. Elec. Power Syst., vol. 20, pp.13-
87, 2009.  

43. H. Asano and S. Bando, “Economic 
evaluation of microgrids,” in IEEE Power 
Energy Soc. Gen. Meeting- Conv. Deliv. 

Elec. Energy 21st Century, Pittsburgh, PA, 
USA, Jul. 2008, pp. 1-6.  

44. K. B. Jones, D. Nugent, S. J. S. Bartell, and 
J. Hart, “The urban microgrid: smart legal 
and regulatory policies to support electric 
grid resiliency and climate mitigation,” 
Fordham Urban Law J., vol. 41, pp. 1695- 
1757, 2015.  

45. F. Feijoo and T. K. Das, “Emissions control 
via carbon policies and microgrid 
generation: A bilevel model and Pareto 
analysis,” Energy, vol. 90, Part 2, pp. 1545-
1555, Oct. 2015.  

46. M. H. Bellido, L. P. Rosa, and A. O. 
Pereira, “Challenges and opportunities for 
microgrid implementation: The case of 
Federal University of Rio de Janeiro,” J. of 
Clean. Prod., vol. 188, pp. 203- 216, Jul. 
2018.  

47. J. Peng, B. Fan, and W. Liu, “Voltage-
based distributed optimal control for 
generation cost minimization and bundled 
bus voltage regulation in DC microgrids,” 
IEEE Trans. Smart Grid, vol. 12, no. 1, pp. 
106- 116, Jan. 2020.  

48. Y. Jia, Z. Y. Dong, C. Sun, and G. Chen, 
“Distributed economic model predictive 
control for a wind–photovoltaic–battery 
microgrid power system,” IEEE Trans. 
Sustain. Energy, vol. 11, no. 2, pp. 1089–
1099, Apr. 2020.  

49. P. O. Kriett and M. Salani, “Optimal 
control of a residential microgrid,” Energy, 
vol. 42, no.1, pp. 321-330, 2021.  

50. J. Yun, G. Chen, H. Xu, Q. Li, J. Liu, and 
P. Li, “Principles and functions of UPFC,” 
in Unified Power Flow Controller 
Technology and Application, 2 nd ed., 
Academic Press, 2017, ch.2, pp. 19-41.  

51. T. Khalili and A. Bidram, “Distributed 
Control Approaches for Microgrids,” in 
Microgrids: Advances in Operation, 
Control, and Protection, Cham. Springer, 
2021, pp. 275-288, DOI: 10.1007/978- 3-
030-59750-4_11.  

52. L. P. Jia, C. S. Du, C. G. Zhang, and A. 
Chen, “An improved droop control method 
for reducing current sensors in DC 
microgrid,” in 2017 Chinese Auto. Cong. 
(CAC), Jinan, China, Oct. 2017, pp. 4645-
4649.  

53. R. Sedaghati and M.R. Shakarami, “A new 
sliding mode-based power sharing control 



 Rita Khatri et al.,                                                                            International Journal of Innovative Computer Science & Engineering 

Pa
ge
11
	

method for multiple energy sources in the 
microgrid under different conditions,” 
Intel. J. Indus. Electron. Control Opt., vol. 
2, no. 1, pp. 25-38, Jan. 2019.  

54. E. Barklund, N. Pogaku, M. Prodanovic, C. 
H. Aramburo, and T. C. Green, “Energy 
management in autonomous microgrid 
using stability-constrained droop control of 
inverters,” IEEE Trans. Power Electron., 
vol. 23, no. 5, pp. 2346–2352, Sep. 2008.  

55. J. M. Guerrero, L. G. Vicuna, J. Matas, M. 
Castilla, and J. Miret, “Output impedance 
design of parallel-connected UPS inverters 
with wireless load-sharing control,” IEEE 
Trans. Indus. Electron., vol. 52, no. 4, pp. 
1126-1135, Aug. 2005.  

56. K. Brabandere, B. Bolsens, J. Keybus, A. 
Woyte, J. Driesen, and R. Belmans, “A 
voltage and frequency droop control 
method for parallel inverters,” IEEE Trans. 
Power Electron., vol. 22, no. 4, pp. 1107–
1115, Jul. 2007.  

57. E. A. A. Coelho, P. C. Cortizo, and P. F. D. 
Garcia, “Small-signal stability for parallel-
connected inverters in stand-alone AC 
supply systems,” in 2000 IEEE Indus. 
Appl. Conf. Thirty-Fifth IAS Ann. Meet. 
World Conf. Indus. Appl. Elec. Energy, 
Rome, Italy, Oct. 2000, pp. 2345-2352.  

58. J. F. Hu, J. G. Zhu, and G. Platt, “A droop 
control strategy of parallel-inverter-based 
microgrid,” in 2011 Intel. Conf. Appl. 
Superconduct. Electromag. Devices, 
Sydney, NSW, Australia, Dec. 2011, pp. 
188-191.  

59. C. Dou, Z. Zhang, D. Yue, and M. Song, 
“Improved droop control based on virtual 
impedance and virtual power source in low-
voltage microgrid,” IET Gen., Trans. Dist., 
vol. 11, no. 4, pp. 1046–1054, Mar. 2017.  

60. W. Yao, M. Chen, J. Matas, J. M. Guerrero, 
and Z. M. Qian, “Design and analysis of the 
droop control method for parallel inverters 
considering the impact of the complex 
impedance on the 

 


