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Abstract: The universe faces a huge challenge in fulfilling rising energy demand while lowering carbon 

emissions and boosting the RESs. This study addresses the problem that there has been no systematic research 

on the combined effects and benefits of using three coordination optimization methods in LSTSCESs. Due to a 

lack of mathematical and digital models, existing models may be limited in their ability to capture the complex 

interactions and dynamics of such systems. As the number of MGs and EVs grows, it is necessary to investigate 

scalable techniques for coordinating and optimizing energy supply within these systems. Considering the 

economic viability and strategic consequences of coordinating and supplying energy in MGCs inside 

transportation systems, research may be lacking. This paper presents an extensive review of the coordination 

and optimal supply of MGCs in LSTSCESs that has the potential to transform the energy sector. The aim of this 

study is to review new types of power transportation that have the potential to reduce GHG emissions, promote 

sustainability, and improve total transportation efficiency. To review the coordination and uncoordination, we 

found that coordination is more beneficial for the MGs and transportation systems. To study the hierarchical, 

centralized, and decentralized control structures and prove that hierarchical control in the fashion of 

decentralized control for large-scale systems is more beneficial and cost-effective. To discuss the optimization 

techniques and prove that metaheuristic algorithms are more economical. Moreover, to study the economic 
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model, RESs is more economical than traditional sources with ESSs for MGCs. Renewable energy generation in 

transportation systems has become a fascinating trend, with advanced control algorithms and demand response 

strategies ensuring optimal energy supply in MGCs. With the rise of EVs, V2G technology is being increasingly 

used. The resulting energy from MGs can be harnessed through advanced techniques, reducing traditional 

dependence on energy sources and promoting renewable energy usage. 

Keywords: Coordination, Optimization techniques, Control strategies, Microgrid clusters, Large-scale 

transportation system, Self-consistent energy system. 

 

1. Introduction 
The globe faces a huge challenge in fulfilling rising energy demand while lowering carbon emissions and 

boosting sustainable energy sources. One answer to this problem is to integration microgrid clusters (MGCs) 

into large-scale transportation self-consistent energy systems (LSTSCESs). By integrating diverse renewable 

energy sources (RESs), energy storage systems (ESS), and smart grid technologies, these systems strive to 

provide efficient and cost-effective energy solutions
[1, 2]

.MGCs are groups of interconnected microgrids that can 

function separately or collaboratively. They can be used to power a small town or a major industrial complex. 

The use of MGCs in LSTSCES scan aid in reducing dependency on traditional energy sources and encouraging 

the use of RESs
[3, 4]

. 

Moreover, the optimal supply and coordination of these MGCs, however, remain key challenges. MGC 

coordination entails managing different energy sources, energy storage devices, and loads to maintain a stable 

and sustainable energy supply. MGC optimal supply entails the efficient use of energy resources to meet energy 

demand while minimizing costs and lowering carbon emissions
[5, 6]

. Various methodologies and techniques have 

been developed to achieve optimal supply and coordination of MGCs in LSTSCESs. Advanced control 

algorithms, energy management systems, and optimization approaches are examples of these. The goal is to 

maintain a stable and sustainable energy supply while reducing costs and carbon emissions
[7, 8]

. 

Additionally, there are various advantages to integrating MGCs into LSTSCESs. Initially, it can aid in 

the reduction of dependency on traditional energy sources, which are frequently connected with high costs and 

carbon emissions. Second, it can encourage the use of RESs, which are often more environmentally friendly and 

economical. Finally, it can increase the energy system's stability and resilience by supplying backup power in 

the event of a power loss
[9, 10]

.Coordination and optimal supply MGCs in LSTSCESs necessitate collaboration 

from a variety of participants, including energy providers, legislators, and consumers. To guarantee the success 

of these systems, laws and regulations that promote the integration of microgrid clusters must be developed
[11]

. 

Similarly, the fluctuation of RESs is one of the issues in the coordination and optimal supply of MGCs. 

Hydro, solar and wind power, for example, are intermittent and weather-dependent. This variability can cause 

changes in energy supply and demand, threatening the energy system's stability. As a result, improved 

forecasting methodologies and energy management systems must be developed to enable the reliable and 

efficient operation of MGCs
[12]

.Integration of ESSs is another problem in the coordination and optimal supply of 

MGCs. Batteries, for example, can serve to store extra energy created by RESs and release it when needed. 

However, the proper sizing and placement of ESSs necessitates careful consideration of a variety of parameters, 

such as energy demand, energy supply, and cost
[13, 14]

. 

In related vein, smart grid technologies can also aid in the coordination and optimal supply of MGCs. 

Smart grid technologies, such as enhanced metering infrastructure and demand response systems, can assist in 

real-time monitoring and management of energy consumption. This can help reduce energy waste and increase 

energy system efficiency
[15, 16]

.MGC coordination and optimal supply in LSTSCESs has substantial 

ramifications for the energy sector. These technologies can help minimize carbon emissions, boost sustainable 

energy sources, and increase the energy system's stability and resilience. Furthermore, the development of these 

systems may open up new avenues for advancement and investment in the energy sector
[10]

. 

Furthermore, integration of MGCs in LSTSCESs can also significantly assist the transportation sector. 

Electric vehicles (EVs), for example, can be charged using renewable energy sources from MGCs, lowering 

dependency on fossil fuels and boosting environmentally friendly transportation
[17–19]

. The appropriate supply 

and coordination of MGCs can also help developing countries solve the problem of energy poverty. MGCs can 

provide communities that are not connected to the main power grid with dependable and economical energy 

alternatives 
[20]

. The advancement of MGCs in LSTSCESs necessitates significant infrastructural and 

technological investment. The long-term benefits of these systems, on the other hand, can outweigh the initial 

expenses, resulting in significant cost savings and environmental benefits 
[21]

. 

Moreover, in this study, the contribution is towards the problems, gaps, and objectives that there has been 

no systematic research on the combined effects and benefits of using three coordination optimization methods in 

LSTSCESs. More advanced mathematical and digital models that accurately depict and optimize the 



International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137 

 

Volume – 09, Issue – 12, December 2024, PP – 16-46 

www.ijlera.com                                   2024 IJLERA – All Right Reserved                               18 | Page 

coordination and supply of MGCs in transportation systems may be required. As the number of MGs and EVs 

grows, it is necessary to investigate scalable techniques for coordinating and optimizing energy supply within 

these systems. Considering the economic viability and strategic consequences of coordinating and supplying 

energy in MGCs inside transportation systems, research may be lacking. The aim of this study is to review new 

types of power transportation that have the potential to reduce GHG emissions, promote sustainability, and 

improve total transportation efficiency. To review the coordination and uncoordination, we found that 

coordination is more beneficial for the MGs and transportation systems. To study the hierarchical, centralized, 

and decentralized control structures and prove that hierarchical control in the fashion of decentralized systems 

for large-scale systems is more beneficial and cost-effective. To discuss the optimization techniques and prove 

that metaheuristic algorithms are more economical. Moreover, to study the economic model, RESs is more 

economical than traditional sources with ESSs for MGCs. 

This paper affords a systematic literature review of the coordination and optimal supply of MGCs in 

LSTSCESs and organized as follows: Section 2.2 reviewed the new types of transportation power systems, such 

as EVs, solar-powered vehicles, hydrogen fuel cells, sustainable biofuels, and Maglev trains. Section 2.3 

explained the coordination and uncoordination of MGs and their integration with large-scale transportation 

systems, as well as the merits and demerits of each and how coordination is more beneficial than 

uncoordination. Section 2.4 briefly discussed hierarchical control structures and centralized and decentralized 

control techniques of MGs and integration with large-scale transportation systems from an economical 

perspective and also provided their features, merits and demerits. How hierarchical control in the fashion of 

decentralized systems for large-scale systems is more economical. Section 2.5 reviewed optimal supply and 

energy management ofMGs and transportation systems and discussed different optimization techniques like 

mathematical programming and algorithms, for example, metaheuristics and heuristics. From an economical 

point of view, metaheuristic algorithms are more suitable. Section 2.6 explained the economic model and DERs 

of MGs and transportation systems, examined energy prices, fossil fuel prices, and impacts from an economic 

and environmental perspective, and also discussed DERs such as solar, wind, and hydro and the benefits of 

ESSs for MGs. Section 2.7 summarizes the latest research trends in the field of energy integration with 

transportation systems. Section 2.8 presents the conclusion. 

 

2. New Types of Transportation Power System 
As stated by Goel et al. (2021) numerous developing power systems for transportation are being 

established, including: Electric vehicles (EVs), such as electric cars, buses, and motorcycles, are powered by 

rechargeable battery banks. When compared to regular gasoline-powered automobiles, these vehicles emit no 

exhaust emissions and have reduced operating costs
[22]

.Camacho et al. (2022) explained that some vehicles, such 

as cars and buses, are powered by hydrogen fuel cells. A chemical process involving oxygen converts hydrogen 

gas into energy, with water as the only waste. In comparison to EVs, fuel cell vehicles have larger traveling 

ranges and quicker refueling periods
[23]

. Afolalu et al. (2021) described sustainable biofuels as organic-based 

renewable fuels such as plant-based ethanol or biodiesel generated from vegetable oils. Biofuels can be utilized 

in conventional combustion engines, lowering greenhouse gas emissions and reliance on fossil fuels
[24]

. 

Moreover, Li & Taghizadeh-Hesary(2022)created quantitative models to examine the economic viability 

of hydrogen energy generated from renewable energy and then implemented in China's road transport system. A 

well-to-wheel model is being created to assess the carbon emissions of both the hydrogen supply chain and fuel 

cell EVs. Meanwhile, a levelized cost of hydrogen model is being used to assess the cost of hydrogen as a 

sustainable energy storage medium. It is examined how energy policy affects the competitive edge of hydrogen 

produced from renewable energy and the fuel cell EVs
[25]

.Ahmadi & Khoshnevisan(2022) simulated a hydrogen 

fuel cell car using Simcenter Amesim, analyzing its impact on reducing air emissions and comparing it to 

gasoline vehicles using natural gas reforming, electrolysis, and thermochemical water splitting techniques. 

Because the provider of electricity used for electrolysis has an important effect on a hydrogen vehicle's life cycle 

emissions, three distinct power sources were investigated. Ultimately, despite the fact that a hydrogen vehicle 

with a deteriorated fuel cell releases less carbon dioxide(CO2) than a gasoline vehicle, the CO2 released by this 

vehicle using hydrogen from electrolysis is about 25% greater than that of a fresh hydrogen vehicle
[26]

. 

In a related vein, according to Khan et al. (2018),Zhang et al. (2021), Sierra & Reinders (2021), and 

Shariff et al. (2020) solar energy can be utilized to directly power vehicles via photovoltaic (PV) cells mounted 

on the vehicle's surface. This energy source is used by solar-powered cars and bicycles to charge batteries or 

supply immediate propulsion
[27–30]

.Li et al. (2022) stated that the magnetic levitation (maglev) trains suspend 

themselves above the tracks, removing friction and permitting high-speed movement. When compared to 

traditional railway systems, these trains are powered by electricity and provide quicker speeds and better 

journeys
[31]

.It's worth noting that some of these technologies are still in the initial phases of research or 
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acceptance and may not be readily available just yet. They nevertheless have the potential to reduce greenhouse 

gas emissions, promote sustainability, and improve total transportation efficiency. 

Similarly, Fakour et al. (2023) discovered that, while sustainable mobility and transportation sector 

carbon reduction are among the most complete solutions to the issue of global warming, EVs are growing more 

popular as the future way of transportation. The integration of a solar carport canopy into a possible EV 

charging station is discussed by the authors using various operational scenarios. According to the findings of a 

case study, there is a possibility for 140 MWh/year of solar energy production, which could offer solar 

electricity to more than 3000 automobiles per month with one hour of parking time while emitting 94% less 

total CO2 than standard grid techniques. The findings can be applied on a larger scale, providing instructions and 

tools for building a solar-powered EV charging station network
[32]

. Obaideen et al. (2023)covered the various 

types and generations of solar PV technology, as well as various major uses of solar PV systems, including 

―Large-scale solar PV‖, ―Residential solar PV‖, ―Green hydrogen‖, ―Water desalination‖ and 

―Transportation‖
[33]

. 

Likewise, Prasad et al. (2019) investigated maglev technology as a feasible, speedier, and cleaner option 

in light of rising transportation, its energy demands, and its influence on the global climate. The study provided 

an overview of maglev technology, with a particular emphasis on electrical system elements. Integrated design 

of levitation, guiding, and propulsion with appropriate control algorithms gives tremendous cost, weight, and 

volume savings. The electrical system and its elements are critical to the long-term advancement of maglev 

systems. The holistic examination of the electrical system reveals that the current alterations and customization 

of its elements as a result of technical improvement enable maglev to compete with traditional rail transportation 
[34]

.According to García-Olivares et al. (2018) a 100% renewable economy would provide a long-term solution 

to the concerns of climate change, energy security, sustainability, and pollution. One of the hardest parts of such 

a renewable transition looks to be the alteration of the current transportation system. The energetic cost of 

transitioning from the current transportation system to global 100% renewable transportation, as well as the 

electrical energy needed for running the new renewable transportation system, are estimated
[35]

.The following 

section discusses the coordination of MGs and their integration with transportation systems. 

 

3. Coordination of MGs and integration with Large-Scale Transportation System 
3.1 Concept and Importance of Coordination 

Coordination, being a complex choice issue, includes two aspects: self-regulation (adapting the structure) 

and control (choosing the coordination input for the static structure). Mesarovic assumed that there is already a 

coordination method, and self-regulation implies adaptations in the tasks and interactions utilized during the 

coordination process. These changes are referred to as adaptations by the authors. Any choice problem is 

defined in a broad sense by an objective and an image of the choice-making scenario; in this regard, there are 

two categories of adaptations: aim adaptation and image adaptation (for a certain coordination mode). For 

instance, the interaction unbinding method (IUB-M) (the control-in-the-large choice) might be specified
[36]

. The 

section that follows discusses coordination in microgrid clusters and transportation systems, as well as the 

benefits and importance of coordination. 

 

3.2 Coordination and Uncoordination of MGs and Transportation System 

Jiang et al. (2017), and Chang et al. (2021) provided an optimization model for coordinating renewable 

energy sources with EVs. The optimization model calculates the charging and discharging power of electric 

vehicles in each schedule period by utilizing the minimum variance of equivalent load as the target function and 

taking into account EV driving behavior and capacity restrictions. The simulation outcome proves the model's 

utility. The findings show that EV charging and discharging can be planned to reduce equivalent loads while 

increasing renewable energy absorption capacity
[37, 38]

. 

Similarly, Li et al. (2018) and Wang et al. (2019) created a temporal-spatial electric car charging need 

model comprised of three components: trip plans, span of stay, and a Dijkstra algorithm-based search for the 

quickest path. Then, they provide a coordinated scheduling strategy for a grid-connected gas, electricity, and 

heat microgrid. A day-ahead planning method is used to determine the function of the microgrid (i.e., whether it 

should operate as a load or as a generator from the utility's perspective), and a real-time rolling-horizon 

dispatching algorithm is utilized to deal with errors in forecasting while also implementing real-time actual 

power trade between the MG and the main grid. The problem is expressed as a linear mixed integer 

programming (LMIP) problem. The temporal-spatial electric car charging demand model is centered on an 81-

node transportation network, and the power supply network is a mixture of IEEE-30, gas-20, and heat-14 

networks. Simulation findings demonstrate the efficacy of this coordinated scheduling strategy
[39, 40]

. 
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In addition, Hao et al. (2020) and Shi et al. (2019) presented an extensive power forecasting-based 

coordination dispatch approach for solar power generation MGs with plug-in EVs to increase local renewable 

energy usage in the MG by directing EV regular charging. In this method, they employ a clustering technique 

and a neural network to develop a power forecasting model (PFM) using actual information that can accurately 

define the ambiguity of solar power production and EV charging loads. A one-leader, multiple-follower 

Stackelberg game is created based on the interaction between the solar power generation MGs with plug-in EVs 

energy control canter (ECC) and the EV users, and the Stackelberg solution is obtained using a power 

forecasting-based genetic algorithm (GA).Solar power generation and EV charging load output from the PFM 

are utilized to build a higher-quality starting population of the GA, which improves its efficiency. An 

investigation utilizing actual information taken from the Aifeisheng solar power plant in China and EV charging 

stations in the United Kingdom (UK) proves the enhanced coordination dispatch algorithm's good 

performance
[41, 42]

. 

Likewise, Niu et al. (2023) and Li & Xu. (2018) replaced standard centralized power scheduling, a more 

advanced coordinated energy planning strategy is presented for common highway demand situations that utilizes 

the deployment of vehicular power storage systems. It has the potential to uphold the balance between power 

supply and consumer demand while lowering the cost of power system dispatch procedures. The cost and 

appropriateness of the transportable energy storage system (ESS) are researched and examined. The efficiency 

of the suggested versatile dispatching strategy is validated using data from the specified 30% green energy 

highway service facility development project in Xinjiang, China. The strategy offers an efficient approach as 

well as forward-thinking guidelines regarding the incorporation of the highway transportation energy network 
[43, 44]

. Many researchers discussed about uncoordination in the field of MG and transportation system. 

In related vein, Wafa et al. (2017) and Habib et al. (2015)examined the effects of EV integration into 

supply networks and emphasizes potential managerial problems like feeder and transformer overloading, smaller 

voltage identities, larger system losses, and operating expenses. EV integration is achieved by the use of two 

charging schemes: coordinated and uncoordinated, at two stages of EV penetration: 30% and 100%. A standard 

RBTS test system and an actual Egyptian supply chain ShC-D8 are developed. Every system of testing has a 

distinct model for daily load and cost fluctuations. The impact of EV adoption and coordination on voltage 

description, feeder and transformer loads, losses to the system, cost of operation, voltage description, and 

everyday load curves is investigated using experiments. According to simulation studies, EV adoption rates 

have a major effect on system efficiency, uncoordinated charging has a negative impact on system efficiency, 

and coordinated charging eliminates those negative consequences
[45, 46]

. 

Similarly, according to Zhou et al. (2020) and Zheng et al. (2018)the uncoordinated charging of a large 

number of EVs may result in a significant spike in peak loads, influencing the performance of the power grid. 

As a result, this research developed a coordinated charging scheduling strategy for EVs in MGs in order to move 

load demand from peak to valley periods. The technique selects the charging method for EVs according to an 

urgent charging indication, which can reflect varying charging needs. Then, to minimize the overall peak-valley 

load difference, a coordinated charging schedule optimization model was developed. Many restrictions for slow-

charging EVs, fast-charging EVs, and microgrid function were investigated. Monte Carlo Simulation (MCS) 

was also utilized to model the inconsistency of EVs. As a consequence, this model can allow friendly power 

supply-demand interactions to handle EV penetration and the quick growth of dynamic MGs
[47, 48]

.It is possible 

to see that Shi et al. (2019), Savari et al. (2023), Gong et al. (2020), Marinenas et al. (2017), Crozier et al. 

(2021), Jian et al. (2017), and Liu & Zhou (2022)discussed merits and demerits of coordination and 

uncoordination of MG and the transportation system Table 1 shows the comparison. As per the literature, many 

scientists have suggested coordination over uncoordination. Because coordination is more beneficial for the 

MGs and transportation systems. In the literature, I found that no one discussed the methods of coordination in 

the fields of MG and transportation systems. 

 

Table: 1 Merits and demerits comparison of Coordination and Un-coordination 

 

Coordination 
[41, 49–54] 

   

Merits Demerits 

It is beneficial for the operation of grid. 

It decreases total cost of charging and 

consumption of power. 

It decreases power loss, voltage variability and 

frequency distinction of the system, which may 

increase the overall performance of the system. 

The grid system is very stable. 

It is time consuming to produce a 

globally optimal solution. 
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Uncoordination 
[41, 49, 52–54] 

It has not risk of privacy. 

It is really harmful for the operation of 

grid. 

It increases total cost of charging and 

consumption of power. 

It increases power loss, voltage 

instability and frequency variation, 

which may collapse the power system. 

It increases the stability problems for 

grid. 

 
As per literature many scientist’s suggested coordination over un-coordination. Because coordination is 

more beneficial in MG and transportation system. In the literature, I found that no one discussed the methods of 

coordination in the field of MG and transportation system. 

 

4. Hierarchica Control Structure of MGs and integration with large-scale transportation 

systems 
According to Mahmoud et al. (2015), and Yamashita et al. (2020) in large-scale systems, hierarchical 

control refers to a control architecture that arranges control tasks into numerous tiers or layers, each of which is 

responsible for a certain component of system operation. It's ubiquitous in complex systems like power grids, 

manufacturing plants, transportation networks, and smart cities
[55, 56]

. Many researcher’s discussed hierarchical 

control structure in transportation system. Moreover, the impact of plug-in electric vehicles (PEVs) is growing 

exponentially, which could enhance a considerable quantity of load on the power grid since charging one PEV is 

closely equivalent to adding three houses to the grid. Wu et al. (2019) presented a hierarchical charging 

scheduling and control system to allow PEVs to provide grid services while also meeting the travel requirements 

of vehicle owners. Coordination and vehicle tiers comprise the control framework. When contrasted to existing 

approaches, the charge coordination strategy can help decrease computing complexity and communication 

requirements. It is also adaptable to the growing PEV network and resistant to uncertainties in future vehicle 

travel and system situations
[57]

. 

Likewise, Wu et al. (2019), Sarabi et al. (2016), Xu et al. (2016) and Luo et al. (2018) presented, a 

unique hierarchical charging control structure in Fig. 1.When a PEV is plugged in, a local controller located at 

each EV supply equipment(EVSE) activates the suggested charging control structure. The consumer can then 

enter how many miles of charge they need or demand a percentage of the energy level necessary by a specific 

time. The data is gathered and dealt with on a regular basis to create a set of four parameters that are 

representative of each vehicle's charging adaptability and needs. The central coordinator obtains revised 

adaptability structures from all EVSE controllers and resolves a charging coordination issue that is optimal. As a 

result, the central coordinator is spared the burden of incorporating precise PEV mobility models. The procedure 

is repeated in model predictive control(MPC) manner and can adjust to any changes in the travel requirements 

and power grid conditions of PEV owners
[57–60]

. 

 
Fig. 1. Hierarchical charging control structure 

 

Similarly, Yamashita et al. (2021) conducted research and offer a two-level hierarchical model predictive 

controller (HMPC) improved by two data-driven modules to continually and automatically improve the 

performance of building microgrids equipped with hybrid energy storage. The two data-driven methods increase 

the accuracy of Li-ion battery and hydrogen storage models and determine appropriate parameters for the 
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HMPC cost function with minimal pre-design processes. The controller lowers annual expenditures in 

residential buildings by up to 5% and in non-residential buildings by up to 9%. Conversely, the annual cost of 

both types of buildings is lowered from 1% to 7% when compared to a standard HMPC
[61]

. Tavakoli et al. 

(2018)addressed a two-stage hierarchical control approach to energy management techniques for the 

contribution of PEVs to commercial building MG demand response (DR) programs. The main benefit of this 

work is the inclusion of price uncertainty in an energy management optimization strategy centered around MPC. 

Firstly, the optimization issue addresses the functioning of PEVs and wind power to be able to optimize 

commercial building energy management. Secondly, the entire charged power level computed for PEVs in this 

phase is passed to the PEV control portion to be assigned to every PEV. The findings show that PEVs can 

efficiently aid in DR programs for the MG paradigm
[62]

. Furthermore, according to Wu et al. (2022) certain EU-

funded H2020 works have investigated various kinds of control hierarchy, including two-level, three-level, and 

multi-level control hierarchy
[63]

.  

Likewise, Abhishek et al. (2020), Tavakoli et al. (2016), Olivares et al. (2014), Gao et al. (2019) and 

Islam et al. (2018) considered the coordinated control of various sources of energy, loads, and direct current 

(DC)MG energy storage, the need for a communication connection, and mathematical modeling on local 

variables; Fig. 2 depicts a three-level control system, i.e., a functionality-based general structure of hierarchical 

control. Hierarchical control is classified into three levels depending on response time, control frame, and 

operation area: first level, second level, and third level. The first control level, also referred to as the local 

controller, aims at recovering the DC bus voltage in both constant and dynamic settings by utilizing local data. It 

also attempts to ensure adequate current share in order to minimize imbalances in power at the microgrid's 

lowest level. To compensate for voltage deviation induced by the first level, the second highest level controller, 

i.e., the second level controller with a slower response time than the first level control, is employed. As a result, 

the second level controller concentrates on recovering voltage in the DC bus and ensuring appropriate current 

sharing amongst distributed energy resources (DERs).The third level controller, on the other hand, is the top-

level control that is used to ensure optimal operation in the context of cost and efficiency within microgrids, 

between microgrids and utility grids, and vice versa
[64–68]

. Papadimitriou et al. (2015) and Souza et al. (2015) 

said it is also accountable for managing power flow and scheduling energy
[69, 70]

. 

Similarly, Wu et al. (2018) said that depending on the level of control and microgrid structure, these 

various levels of control can be centralized or decentralized. Apart from the aforementioned purposes, it also has 

many additional functions, such as getting optimal DER dispatch in terms of economic, technical, and 

environmental factors
[71]

. Various hierarchical control techniques are given in the literature, including the typical 

PI-hierarchical control
[72]

, hierarchical multi-agent systems 
[73]

, hierarchical predictive control
[74, 75]

, and 

stochastic hierarchical control [55, 76, 77]. It is possible to see that Bandeiras et al. (2020), Mao et al. (2017), 

Abhishek et al. (2020), Wu et al. (2022), Chen et al. (2022), Yamashita et al. (2020), Yamashita et al. (2021) 

and Xu et al. (2016) asserted the merits and demerits of hierarchical control structure in the microgrid and 

transportation system. Its depicted in Table 2.Anterior studies suggested that hierarchical control structures are 

more economical for the MG's integration with transportation systems. The following section discusses the 

centralized and decentralized control structures of MG's integration with the transportation system. 

 
Fig. 2. Hierarchical control structure 

Table 2. Merits and Demerits of hierarchical control structure 

 Merits Demerits 
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Hierarchical 
[55, 59, 61, 63, 64, 78–80] Provides flexible layered 

control of networks with 

multiple systems. 

Offers a cost-effective solution with easy 

implementation and low operation costs. 

It’s better for scheduling energy. 

Improves the system stability. 

It helps to divide a complex problem into different 

time-based chunks. 

Beneficial for electric grid demonstration. 

Susceptibility to failure due 

to the strong dependency 

between lower and upper 

control levels. 

 

4.1 Centralized control structure  

 An ephemeral explanation of the centralized control structure is revealed in Fig. 3(a). (Li et al. (2019) 

stated that centralized controls make use of a central controller that is connected to supplies and loads via 

networks of communication. A centralized control employs an MG central controller, which gathers and then 

evaluates information from all controllers in order to get the optimum results without repetition
[81]

. (Dragicevic 

et al. (2016) describeda centralized controller as easier to use because it regulates the supply of power from a 

single location. Larger MGs use a hierarchical control arrangement, as opposed to smaller MGs, which use a 

master-slave scheme to connect the units to the central controller
[82]

.Zaheeruddin & Manas (2015) studied the 

many levels of control in centralized control, which are explored in detail later. A central controller makes 

choices based on the state of generation and load
[83]

. Yamashita et al. (2020) and Ishaq et al. (2022) said that 

centralized control needed communication links
[55, 84]

.However, Kou et al. (2017) studied huge amounts of data 

are handled and restricted in one area, leading to one point of collapse that threatens the stability of the entire 

cluster
[85]

. Another study Mao et al. (2017) Bandeiras et al. (2020) and Kou et al. (2017) noted the disadvantage 

of these systems with centralized control structures: they are frequently unable to scale into larger and more 

complicated networks. Furthermore, because the central controller must receive data from and send control 

signals to all local units, two-way communication between the central controller and each local unit is 

required
[78, 79, 85]

.  

Similarly, Nimalsiri et al. (2020) stated that while the centralized approach is still studied in the literature 

on occasion, its use is becoming more and more restricted due to issues linked to the growing number of EVs, 

enhanced distribution system scale, growing utilization of renewable and non-renewable distributed generation, 

and other factors that make optimization and its search space incredibly impossible to solve. Another issue with 

the centralized method is the requirement for extensive data exchange in the case of significant EV 

deployment
[86]

. Wang et al. (2016), Mohan et al. (2015), Chen et al. (2015) and L. Wang et al. (2018) 

concentrated on centralized power network dispatch. When dealing with a large network, it gathers and 

evaluates data from every network element at a central control center, which could be challenging. Because it is 

linked to a large number of unknown factors, such as EVs and renewable generations (RGs), and their behaviors 

are subject to change at any moment, the frequency and volume of data gathering are expected to be significant. 

Furthermore, the amount of restrictions grows significantly with the size of the network when posing the 

optimization issue for centralized dispatch
[87–90]

. 

 

4.2 Decentralized control structure 

Fig.3(b) shows an impressionistic depiction of the centralized control structure. A central controller is not 

present in this structure, according to Wu et al. (2018)as a consequence, various control instructions are used by 

various control units
[91]

. (Dragicevic et al., 2016) described a decentralized control system that employs only 

local knowledge to iteratively discover optimal solutions. Local controllers use coordination mechanisms
[82]

. 

Local micro source controllers were examined by Mao et al. (2017), Bandeiras et al. (2020) and Ishaq et al., 

(2022). Local controllers act autonomously and coordinate their optimal operation without depending on 

communication among themselves. As a consequence, each MG system in the cluster is responsible for 

collecting local information in order to coordinate its optimal function. This technique gives each unit autonomy 

and enhanced stability while also providing robustness against communication failures
[78, 79, 84]

.According to 

Bandeiras et al. (2020) and Bian et al. (2015)a decentralized control structure permits system to simply scale up 

in size and complexity
[78, 92]

. 

Similarly, Mohiti et al. (2019) and Shamshir band et al. (2018) developed a decentralized, robust 

approach to reduce total system costs by coordinating the smart distribution network (SDN) and electric vehicle 

aggregators (EVAs). An adaptive robust optimization (RO) approach is used to address the enforced operating 
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constraints associated with wind generation and wholesale prices at the market, allowing distribution network 

operating (DNO) to modify different conservation levels across the operating span. To maintain EVA 

independence and reduce computing overhead, the RO-based model is solved using a decentralized algorithm 

based on the alternating direction method of multipliers (ADMM). The suggested model's effectiveness is 

illustrated by employing an adapted 33-bus smart distribution network with several EVAs
[93, 94]

.  

In related vein, Lemeski et al. (2022)presented an innovative decentralized system for coordinating the 

activities of separate, independently operated EV aggregators and distributed generators. The aim functions, 

representing the purposes of the aggregators and generators, seek greater profit or fewer costs. The targets also 

take into account the demands of the distribution system operator (DSO), which include technical metrics such 

as losses and bus voltages. Many EV-related issues, such as plug-in and plug-out times, initial state of charge, 

and deviations in the number of aggregators and distributed generators, along with grid techno-economic factors 

such as cost and load variations and disputes of interest among the three parties, all add to the complexity of the 

model. To solve the model, a decentralized method based on the fast alternating direction method of multipliers 

(FADMM) is used. Through various scenarios, the suggested technique is evaluated on two 33-bus and 69-bus 

distribution test networks consisting of aggregators and distributed generations (DGs). Findings show that, while 

protecting various agents' secrecy, the recommended approach satisfies the aims both of aggregators and DGs 

via better revenues while also ensuring the technical satisfaction of the grid operator
[95]

. 

Likewise, Yu et al. (2022)introduced a scalable and flexible hybrid microgrid clustering design as well as 

a decentralized control technique. In the beginning, the energy networking unit (ENU) was a new, interacting 

converter. The ENU is utilized to link the alternating current (AC) and DC sub grids in a single hybrid 

microgrid as well as to communicate with the external power grid. Finally, the recommended decentralized 

control technique for this design could enable autonomous power exchange between sub grids in a single 

microgrid while taking energy storage constraints and continuous phase switching into account. Furthermore, an 

adaptive and autonomous power interaction among surrounding MGs is realized with full exploitation of cluster 

adjustment ability, enhancing system dependability as well as RES usage and consumption at the local level. 

Comprehensive instances are used to demonstrate the usefulness of the clustering architecture and decentralized 

control technique
[96]

. Zou et al. (2019) and Yang & Hu (2021) provided a decentralized method for the 

underlying optimization issue and demonstrated the system's logarithmic rate of convergence to the optimal 

approach. Additionally, the authors take into account the power exchange capacity between the multi-microgrid 

(MMG) system and the main grid and provide a decentralized algorithm to find an optimal approach that 

reduces system cost underneath this ability limitation
[97, 98]

. . 

Similarly, Ma et al. (2023) promoted a virtual energy storage-based decentralized and coordinated 

scheduling solution for interconnected MMGs. Research aims to reduce the dangers of renewable energy 

installations as well as the operating costs. Case examples illustrate the recommended schedule method's 

accuracy and economy
[99]

.According to Bandeiras et al. (2020), Yamashita et al. (2020), Ishaq et al. (2022), Yu 

et al. (2022), Fiorini & Aiello (2019), Mao et al. (2017) and J. Edward et al. (2019)Table 3compares centralized 

and decentralized structures and presents an economic analysis of centralized and decentralized controls. 

Previous studies proved that the decentralized control structure is more beneficial, cost-effective, and suitable 

for system stability than the centralized control structure. Many researchers suggested hierarchical control in the 

fashion of decentralized systems for large-scale systems. 

 
Fig.3. Control structure categories Centralized (a) and Decentralized (b)  

Table 3.Inclusive comparison of centralized and decentralized control 

 

 

Features Merits Demerits 

The central controller makes Suitable for small scale Inability to scale to a 
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Centralized 
[55, 78, 79, 84, 96, 100] 

decisions in an organized 

way. 

systems. 

More optimized solutions 

deliver. 

Simple to put into operation. 

larger and more 

complex system. 

A point-to-point 

communication link 

is needed. 

Less trustworthy. 

Costly 

computationally. 

It consumes more 

time. 

Single point of 

failure caused system 

collapse. 

Decentralized 
[55, 78, 79, 84, 96, 100, 101] 

The local controller makes 

control decisions based on 

local facts. 

Beneficial for large scale 

systems 

Appropriate for coordinating 

several autonomous systems. 

Allows every single system to 

operate independently, with 

no connection between 

systems. 

It does not rely on a single 

central unit. 

Highly trustworthy. 

The capacity to plug and play. 

This is beneficial for the 

charging infrastructure. 

It eliminates the possibility of 

a single point of failure. 

Cost effective. 

Hard to accomplish 

complicated control 

tasks due to limited 

global information. 

 

5. Optimal supply and energy management of MGs and integration with large-scale 

transportation systems 
5.1 Optimization of MGs and integration with transportation systems 

According to Ahmed et al. (2020) and (2021), optimization approaches can be employed at every level in 

a MG system to produce the best conditions for operation. Several decision-making tasks require optimization 

strategies, including production planning, MG operating, and preservation. Optimization algorithms aim to 

identify the optimal solution in an environment of essential restrictions given numerous acceptable options. 

Depending on the distribution, generation, or management of MGs, optimization of MGs can be separated into 

three divisions. Designing a mix of production assets in an MG necessitates substantial study to determine the 

best ESS and production assets
[102, 103]

.  

Similarly, Eldeeb et al. (2018) suggested a multi-objective optimization (MOO) procedure that strives to 

maximize the profits of the PV-EV station while concurrently decreasing the battery energy storage system 

(BESS) capacity. The goals must be realized within the power variation constraints enforced by the hosting grid 

at the point of common coupling (PCC). The procedure includes extensive modeling of the dynamics of the 

BESS along with the actions of the EV parking garage. The augmentedε-constrained (AUGMECON2) solution 

solves the MOO issue. The findings demonstrated the efficacy of the procedure in accomplishing the 

aforementioned goals. Furthermore, the outcomes demonstrated the negative impact of ignoring the battery's 

comprehensive modeling on the battery's duration
[104]

. 

Likewise, Fu et al. (2018) and Solanke et al. (2020) provided a new hierarchical optimum control 

architecture based on MPC approach to perform real-time optimization. The control structure calls for a two-

layer control that is exposed to relevant restrictions based on the changing rate of various parameters. It is 

demonstrated via experimentation and simulation outcomes that predictive control may successfully minimize 

the use of fuel and fatigue pollutants
[105, 106]

. (Ji et al., 2016) suggested a scenario-based MPC method that 

combines both robust and stochastic models to reduce overall operating expenses in energy management. The 

outcomes of simulations on a combined power and heat microgrid show that the scenario-based MPC method 

outperforms an outdated deterministic model predictive control (DMPC) approach in terms of financial 
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outcomes while guaranteeing EV charging needs and reducing the trade-off between optimal outcomes and 

computing times
[107]

. 

In addition, Huang et al. (2023) provided a real-time voltage optimization strategy based on model MPC 

for soft open points (SOPs) in highway transportation power supply networks (HTPSNs). The technology may 

considerably improve the voltage continuity of HTPSNs and reduce losses of power when the system's voltage 

fluctuates rapidly. The optimization framework is changed via response adjustment to increase the efficacy of 

voltage regulation substantially. The case studies demonstrate the efficacy of the strategy in various settings
[108]

. 

Abdelghany et al. (2023) created a comprehensive MPC technique for a grid-dependent wind and solar MG that 

incorporates a hydrogen-ESS, a battery-ESS, and interactions with outside users such as battery or fuel cell EVs. 

The whole system necessitates the control of its output of energy of multiple kinds, namely electric and 

hydrogen. The technique considers the economic and operational expenses of hybrid-ESSs, degrading 

difficulties, and the structure's tangible and dynamic restrictions. Such evaluations show that the technique runs 

the plant effectively by meeting limitations and energy demands while lowering device prices and boosting the 

lifespan of batteries
[109]

. 

Moreover, Antony et al. (2023) studied the problem of frequency regulation in standalone MG, MPC, 

and dynamical droop control (D2C), which is related to the impact on the framework of ESS and EVs following 

considerable RES insertion or a large shift in load requirement. The D2C safeguards EV energy in accordance 

with requirements for the system by retaining a minimum quantity of power for predicted EV usage. To boost 

efficiency, both the MPC and D2C settings are modified using a complicated evolutionary approach. A single 

MG is demonstrated and assessed in MATLAB Simulink, utilizing the controlling methodologies. Furthermore, 

regarding the level of performance, the MPC beats both fuzzy-based proportional-integral (FPI) and 

proportional integral (PI) controllers
[110]

. According to Minchala-Avila et al. (2015) and Gavilema et al. 

(2021)Optimization strategies are further categorized based on their major goal in terms of specifications or the 

technique utilized to achieve the optimum level
[111, 112]

. Fig. 4 depicts the optimization categories
[100, 113]

.  

 

5.2 Mathematical programming  

According to Dini et al. (2020) linear programming (LP) is the most basic mathematical optimization 

method, in which goals and restrictions are defined as linear variables
[114]

.Sirinivas & Swarup (2017)presented a 

new approach that combines interval linear programming (ILP) with modified particle swarm optimization 

(MPSO). The main concept is to use the ILP concept to transform the constraints on inequality of a typical LP 

problem into interval obstacles, then describe the ILP issue as a typical LP problem. When compared to 

traditional optimization, this technique decreases the amount of coordination restrictions significantly and yields 

an improved sub-optimal solution. In a microgrid context, the approach is examined on an IEEE 14 bus test 

network
[115]

. Yao et al. (2019) proposed restoration problem is required as a mixed-integer linear programming 

problem that takes into consideration different network and transportable energy storage system (TESS) 

limitations. The framework and method are tested in an adapted 33-bus test system made up of three MGs and 

four TESSs. The findings indicate that a distribution system with TESS is more durable than a normal ESS due 

to the advantage of overall cost minimization
[116]

. 

Likewise, Ouramdane et al. (2021) and Diaz et al. (2017)stated that the problem is called an integer 

programming (IP) problem when all decision variables are integers; a mixed-integer programming (MIP) 

problem when some but not all variables are restricted to being integers
[117, 118]

. Vita et al. (2023) employed a 

mixed-integer linear program (MILP) to mimic the problem and an improved IEEE 39-bus system for testing to 

validate the effectiveness of the restoration technique in MG after a blackout
[119]

. Luna et al. 

(2017)demonstrated the mathematical representation and development of a flexible energy management system 

(EMS), as well as its integration with a grid-connected battery-based MG. The organizing model is a power 

generation-side method described as general MILP with two phases for adequate storage entity charging. In 

accordance with 24-hour prediction data, this framework is regarded as an eternal issue that tries to reduce the 

cost of operation and encourage self-consumption
[120]

. 

Similarly, according to Raya-Armenta et al. (2021)non-linear programming (NLP) describes an 

optimization issues with non-linear objective functions and/or restrictions, such as the specified minimizing cost 

issues
[121]

. Shawon et al. (2023) developed a DG optimum deployment strategy based on reducing overall 

energy losses, with the scheduling expressed as NLP issue. In comparison to existing approaches, the method 

outperforms them
[122]

. Kumar et al. (2023) took into account unpredictable parameters such as renewable power 

generation, load demand, and power loss, as well as voltage limit restrictions, and the resulting challenge is 

framed as a stochastic mixed-integer non-linear programming (MINLP) problem to improve MG load efficiency 

and optimize the regular cost of operation. To address the optimization problem, the newly discovered whale 

optimization algorithm (WOA)is used, and the computational findings are verified by contrasting them to 
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prominent metaheuristic methods. By preserving system voltage description, the power company's 

computational overhead is minimized for the optimum planning of a grid-integrated MG to obtain the greatest 

electricity
[123]

. . 

Moreover, as reported by Li et al. (2023) quadratic programming (QP) expresses the optimization target 

as a quadratic function
[124]

. Hosseini et al. (2023)indicated a model for the hierarchical coupling of deep 

reinforcement learning (DRL) and QP for the restoration of distribution systems after large failures. A DRL-

trained controller determines optimal power delivery of an assortment of distributed energy resources dubbed 

integrated hybrid resources (IHRs) in the mathematical framework, while a grid-level QP task checks grid 

restriction and executes key restoration operations. DRL is carried out utilizing the Soft Actor-Critical (SAC) 

algorithm, which outperforms the commonly used deep deterministic procedure gradient in ongoing action 

fields. The mathematical investigations on the 123-bus test distribution system show that the hierarchical 

combination of DRL and QP not only accelerates the local operation of multiple IHRs but also guarantees that 

network constraints are met throughout the restoration work
[125]

. 

In addition, dynamic programming (DP), as defined by Bahlawan et al. (2021) splits a large problem into 

multiple manageable sub-problems that are solved iteratively by recording their solutions. DP is employed to 

reduce the cost of energy
[126]

. Hu et al. (2023)established an adaptive dynamic programming (ADP)-based data-

driven signal assessment approach. Operators would use emergency procedures to resolve a leak incident in the 

energy transportation system based on the aberrant signal assessment outcome. Lastly, various case findings 

show that the method may be applied to the signal assessment difficulty
[127]

. Li et al. (2020) concentrated on 

optimal MG energy transmission management. It is written as a nonlinear quadratic programming (NQP) 

challenge with quadratic constraints, and it is also an unlimited-stage optimization task due to an unlimited MG 

operating cycle. Typical optimal scheduling algorithms are challenging to work with. As a result, the researchers 

indicated an ADP approach for solving an unlimited-stage optimization task. Ultimately, mathematical 

calculations reveal that, compared to the simulated annealing (SA) technique, the ADP algorithm has lower 

costs of operation and a superior control mechanism
[128]

. 

 
5.3 Optimization Algorithms 

As reported by Islam et al. (2020), Hamann et al. (2017), Nazari-Heris et al. (2017) ,Saadatpour et al. 

(2020) and Yang et al. (2015) there is an increasing interest in conducting research to invent unique techniques 

for solving complicated optimization issues, such as artificial neural networks (ANN)
[129]

,real time optimization 

algorithms
[130]

, heuristic 
[131]

, and meta heuristic methods 
[132, 133]

. Fioriti et al. (2020) and Tsao & Thanh (2021) 

declared heuristic algorithms handle complex problems by employing trial-and-error tactics. Metaheuristic 

approaches, on the other hand, employ algorithms influenced by nature
[134, 135]

. According to Dokeroglu et al. 

(2019)the metaheuristic technique is gaining popularity in this field due to its low cost and time 

requirements
[136]

. The advantage of metaheuristic approaches over traditional methods, as dictated by Lai et al. 

(2022) is the extraneity of developing a unique beginning condition, convexity, stability, and 

differentiability
[137]

. Meta-heuristic algorithms are classified into many classes, as shown in Fig. 4, that are 

found in the literature 
[100, 113]

. 

Moreover, in recent years many researchers have carried out various studies on several themes for 

example De & Mandal. (2022) concentrated their efforts on multi-layer energy management systems for MMG 

smart distribution networks. Metaheuristic optimization, or multi-objective modified personal best particle 

swarm optimization (PSO), is used to effectively describe uncertainty in renewable energy. The experiments are 

carried out using a modified IEEE-33 bus system. The outcomes resulted in cost savings
[138]

. Abdolrasol et al. 

(2021) demonstrated an ANN improvement utilizing PSO to control RESs in a virtual power plant (VPP) 

system. The study compares the ANN-based binary particle swarm optimization (BPSO) algorithm to the 

original BPSO algorithm. The comparison was conducted after determining the best value for the number of 

nodes in the hidden layers and the rate of learning. These parameter values are utilized in ANN training for 

optimal energy management in MGs. The findings reveal that ANN-PSO offers more exact decisions than the 

BPSO algorithm, proving that the neural net improvement achieves the optimal level of energy management 
[139]

. 

Similarly, Jefimowski et al. (2020) investigated the idea of vanadium redox flow batteries as stationary 

energy storage for optimizing energy and profitability characteristics in transportation MGs. The major goal of 

such energy storage is to use the energy saved from brake trains to reduce power peaks. The fundamental driver 

of steps to optimize battery parameters, especially joint energy and power ability, as well as energy management 

plan factors, is economic viability. The outcomes of optimization from the GA and PSO were compared, and the 

comparison shows that the second method performs better
[140]

. As a universal tool, Nemati et al. (2018) 

presented two dispatch optimizers for a centralized EMS (CEMS). To set up the unit promise and economic 
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dispatch of MG units, an upgraded real-coded GA and an upgraded MILP-based technique have been 

established. The approaches take into account network constraints such as voltages, equipment loadings, and 

unit restrictions. For identifying the global optimal zone in high-constrained issues, the method appears to be 

more resilient and rapid
[141]

. 

In related vein, Zamee et al. (2023) developed a novel Monte Carlo artificial bee colony (ABC) 

optimized fractional-order PI controller that was applied to construct a single inverter that could perform 

optimally under both grid-connected and islanding scenarios. An MCS was used to determine the optimizer's 

first optimal search space. The controller's execution was compared to two other optimization techniques, PSO 

and Gray Wolf Optimization (GWO). The ABC algorithm is more efficient and beneficial
[142]

. Habib et al. 

(2020) explored entails using vehicle-to-grid(V2G)technology to reduce the cost of all three aims, namely 

operation cost, pollution cost, and carbon emissions, with economic dispatch (ED). PSO and ABC algorithms 

are used in a variety of control and operation tactics. The frameworks are validated and assessed using various 

scenarios. The research findings verify the greater efficiency of the EV-based MG model in the coordinated 

charging and discharging phase in terms of operating costs. In regards to cost minimization for all purposes, the 

ABC algorithm outperforms the other methods
[143]

.  

Additionally, Suresh et al. (2023) tackled the microgrid economic dispatch challenge. The algorithms 

investigated include three conventional algorithms, GA, PSO, and the mixed integer distributed ant colony 

optimization (ACO), as well as two newly established algorithms, the political optimizer and the Lichtenberg 

algorithm. All algorithms under consideration had their hyper parameters tuned. The outcomes demonstrate that 

the ACO-based algorithm is the best fit of all options. It is subsequently utilized for ED, which is directed by an 

objective function that reduces the MG levelized price of energy
[144]

. The multi-objective optimization with 

uncertainty was developed by Kreishan & F. Zobaa. (2023) to reduce the net MG cost, maximum voltage error, 

frequency deviation, and total energy loss. For the first time in MGs, the mixed-integer distributed ACO was 

used in a huge synchronization framework to tackle the deconstructed probabilistic issue of the majority of 

likely cases. Finally, the outcomes obtained indicate the critical function of dump load as a power control 

technique that minimizes costs and energy waste
[145]

.  

Likewise, Li et al. (2023)have shown that cloud or fog computing can also help a MG with computing-

intensive obligations. Integrating an ANN and an adapted GWO to economically handle a fog-driven energy 

management challenge, experiments are run to confirm the technique for reducing expenses and reducing energy 

imports, despite taking into consideration the electronic replica of intelligent houses
[146]

. Ramadan et al. (2023) 

identified unique ways for eliminating unwanted catastrophic voltage fluctuations and limiting the entire cost of 

PVs deployment inside linked microgrids. A reasonable analysis of GWO, PSO, the arithmetic optimization 

method, and the chimp optimization algorithm is shown using MATLAB mathematical simulations. The 

coronavirus herd immunity optimizer (CHIO) tool outperforms the other algorithms in terms of target function 

fulfillment, integration, and large-scale processing time. The dynamic infiltration of structure-surface thermal 

photovoltaics (TPVs) greatly improves the voltage profile at all buses
[147]

. 

Moreover, Suman et al. (2021)used a hybrid of solar, wind, and bio-generator energy generation devices, 

as well as diesel generation and a battery. The tradeoff between cost of energy (COE) and deficiency of power 

supply probability (DPSP) has been studied, and a goal function is defined as an amalgamation of the two with a 

renewable factor (RF) boundary. For optimization, a hybrid (PSO-GWO) approach is used. The findings were 

compared to those acquired through other previously utilized algorithms in the literature, and the efficacy of the 

developed algorithm was determined
[148]

. The hybrid MG recommended by (Jasim et al., 2023) integrates 

renewable energies such as solar PVs, wind turbines (WTs), biomass gasifiers (biogasifiers), battery storage 

energies, and a supplementary diesel generator. A metaheuristic optimization approach (hybrid gray wolf with 

cuckoo search optimization (GWCSO)) is used to optimize the sizing of the MG elements. To determine the 

optimal sizing outcomes with the lowest costs, the computational outcomes are contrasted to those obtained 

using PSO, GA, GWO, Cuckoo Search Optimization (CSO), and Antlion Optimization (ALO). The GWCSO 

seems more reliable than the other algorithms since it has a smaller variance, and its optimal number of element 

units, annual cost, and levelized cost of energy (LCOE) are superior to the others
[149]

. 
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Fig. 4. Categories of optimization methods 
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6. Economic model and distributed energy resources of MGs and integration with large-scale 

transportation system 
Key elements in optimizing MGC in a transportation energy system include incorporating all available 

energy sources, calculating transportation sector needs, and taking economic consequences into account. This 

involves reducing costs through efficient hydro, solar and wind power distribution, establishing methods to 

fulfill transportation energy demands, and taking grid interaction, pricing structures, and possible profits from 

energy trading into account. Taking these elements into account, supply perspectives for the cluster's 

economical and long-term operation within the large energy system. 

 

6.1 Energy price 

According to Amin et al. (2020), Abdullah et al. (2016), Zhang et al. (2019), Najafzad et al. (2019)and 

Zheng et al. (2021)several studies separate two or more price levels based on the time of usage of power, 

including off-peak, mid-peak, and on-peak hours, adhering to a standard tariff structure. Few authors, on the 

other hand, advocate for setting consistent pricing for both buying and selling electricity
[150–154]

. Dey et al. 

(2022), Seyedian et al. (2022) and Tsao & Linh (2022) considered the prospect of buy-back, or selling 

regionally generated electricity to the core distribution network. The selling price can be less than the acquiring 

price or equal, depending on overhead expenses such as taxes and distribution grid contingents
[155–157]

. An et al. 

(2022) and Pan et al. (2022) stated that the cost of selling solar electricity is bigger or smaller than the cost of 

buying it, depending on the present weather or the tariff policy in place. The cost of exporting is much greater 

than the import cost
[158, 159]

. Sahebi et. (2023)stated that all locally generated renewable energy is sold to the 

main grid
[160]

. 

Similarly, the study by Taghvaee et al. (2017) examined the impact of pricing and the use of energy on 

renewable energy development under Iran's various economic expansion zones. Throughout periods of great 

economic expansion, the data demonstrate a negative and significant link between the energy price index and 

the share of renewable energy in Iran. This is owing to the economy's uneven and inconsistent growth, unethical 

resource management as a result of greater earnings from rising energy costs, energy incentives, and the private 

industry's inability to invest in cheap renewable energy from fossil fuels
[161]

. Belaid (2022)according to recent 

research, 80 million European households are battling to stay warm, and the recent increase in energy expenses 

is projected to exacerbate the issue. The influence of the energy price rise on the situation of energy poverty in 

Europe is examined here. This study examined how rising energy prices and the green transition may increase 

Europe's energy poverty
[162]

. 

In addition, Wang et al. (2015)developed a new holistic energy poverty assessment index, which is used 

to assess regional energy poverty in China. China's energy supply accessibility increased somewhat; the use of 

energy hygiene did not change significantly; energy management completion fell with variations; and household 

energy affordability and effectiveness improved steadily. Furthermore, various regions of China exhibit various 

indicators of energy poverty. Such as the Middle Yangtze River region, which had the lowest energy 

availability, and the Eastern Coast region, which had the lowest control over energy adequacy
[163]

. (Mulder et 

al., 2023) studied that the sharp rise in energy prices since 2021 has marked a watershed moment in 

contemplating energy poverty in the Netherlands, where the notion had hitherto been ignored in national policy 

formulation. In terms of energy poverty geography, the authors discovered that severe energy poverty is more 

spatially focused than income poverty, occurring mostly in outlying regions of the Netherlands as well as 

several highly populated urban areas. Energy poverty is a sign of the delayed dissemination of energy-saving 

technology as a consequence of a mixture of funding hurdles that should be tackled with a balanced mix of extra 

funding, pricing incentives, and house insulation regulations
[164]

. 

Furthermore, Brown et al. (2020) studied that in an era of abundant energy in the United States, the 

continually high energy costs paid by low-income households are alarming. Despite centuries of weatherization 

and bill-payment programs, low-income households continue to spend the highest percentage of their income on 

energy and gas bills of any income category. Their energy load is not decreasing, and it is particularly high in 

certain geographies such as the South, rural America, and minority populations. Many programs that encourage 

energy efficiency, rooftop solar, EVs, and home batteries are mostly inaccessible to low-income households due 

to accessibility constraints as public organizations and utilities strive to move to a clean energy future
[165]

.  

 

6.2 Fossil fuels price and impacts 

According to Azni et al. (2023) for an extended period of time, the world has depended on fossil fuel 

energy, which has had many negative consequences. Continued reliance on fossil fuels has boosted carbon 

emissions and exacerbated climate change. Furthermore, fossil fuels are dwindling and will eventually become 

prohibitively expensive. Also, the costly national power grid has yet to reach rural communities and will be cut 
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off in flood zones
[166]

.N. Abas et al. (2015) stated that the cost of producing oil ranges from $20 to $25 per 

barrel, but the price at the pump reaches 159 dollars per barrel due to processing and transportation costs. Oil 

prices are expected to be at the $200 per barrel level by 2050, based on energy scientists
[167]

. Coal and natural 

gas prices are expected to be $300 per tonne and $20 per thousand cubic feet, respectively, by 2050 
[167]

. 

Similarly, Curtin et al. (2019) identified that a high emphasis has been placed on analyzing abandoning 

hazards for liquid assets at the earliest stages of the funding chain: fossil fuel reserves and the energy production 

industry. These analyses highlight the hazards of abandoning high-cost or polluting deposits as well as energy 

generation systems that rely on these resources, particularly coal. There is also proof that financial asset owners 

may be vulnerable to abandoning hazards because coal, oil, and gas company assessments may be exaggerated, 

especially for undiversified corporations with big financial exposure to carbon-intensive resources
[168]

. Sharvini 

et al. (2018) stated that global warming is one of today's biggest environmental challenges, owing mostly to the 

release of warming gases such as carbon dioxide from the use of fossil fuels. Surprisingly, fossil energy remains 

the biggest energy source in all countries, with coal dominating in China (77%) and Indonesia (70%), oil 

dominating in Japan (28%), and natural gas dominating in Malaysia (61%)
[169]

. 

In addition, according to Maamoun et al. (2020) and Osman et al. (2023)because of their tremendous 

density of energy, fossil fuels are the dominant energy source globally, yet burning fossil fuels generates 

greenhouse gases (GHGs); current power plants generate around 35% of GHGs
[170, 171]

. Yang et al. 

(2020)studied that China's coal-fired power plants release 42% of nitrous oxide and 38% of sulfur dioxide, 

accounting for 40% of the heat-trapping GHGs that contribute to global warming
[172]

. Farghali et al. (2022) and 

Fawzy et al. (2020) described that climate change impacted over 300 natural catastrophes in 2018, harming over 

68 million people and incurring over $131.7 billion in economic losses, with storms, floods, wildfires, and 

droughts taking up 93% of the total. The reality that the wildfire's economic damages in 2018 were roughly 

equal to the decade's overall losses is very concerning. Furthermore, climate change threatens food, crop 

production, water, health, the prevalence of infectious illnesses, human dwellings, infrastructure, and 

environments
[173, 174]

.  

 

6.3 Distributed energy resources of MGs and integration with large-scale transportation systems    

According to Ishaq et al. (2022) DGs units that rely on renewable energy systems are environmentally 

friendly as well as sustainable. Examples of RESs such as those shown in DGs are wind, solar, geothermal, tidal 

waves, hydro, biogas, biomass, and hydrogen fuel cells
[84]

.Kang et al. (2016) stated that EVs gained significant 

development in the past. Their large-scale utilization has the potential to reduce GHG emission, save fuel costs 

for EV drivers, and increase the use of renewable energy
[175]

. 

 

6.3.1 Solar PV System 

According to Akil et al. (2020) integration of renewable energy generation with EV is one of the new 

trends for optimizing the utilization of RESs, fulfilling energy demand, enhancing the stability of the grid, and 

ensuring durability. The energy management of EV charging using a PV system for an industrial microgrid 

(IMG) is discussed in order to supply EV load shaving utility while minimizing the cost of charging electrical 

energy. The findings of the analysis of simulations for 5000 EVs reveal that EV charging needs in various time 

frames may be satisfied by the solar power plant (SPP) in an industrial region. It is anticipated that employing a 

SPP in EV charging ahead of a MG in the event of extra electricity will lower EV customer charging prices and 

be suitable for eventual V2G solutions
[176]

. Solar-powered, grid-connected systems are now frequently employed 

during load shedding. Singh et al. (2021) suggested a novel supervisory control strategy to enable optimal solar 

power use while effectively utilizing stored energy. To select whether to use electricity from the solar PV or the 

grid, the control action is contingent on battery voltage, solar irradiation, and grid supply. The MG system is 

achieved by modeling and analyzing experiments with efficient performance findings
[177]

. 

Moreover, Tercan et al. (2022) demonstrated the techno-economic advantages of boosting PV self-

consumption through pooled energy storage for a prosumer society at different adoption prices. The optimal 

energy storage distributions were performed in the first stage utilizing the new best algorithm and GA with 

MATLAB. In the second stage, the economic feasibility of growing PV self-consumption utilizing pooled 

energy storage at different adoption prices are assessed while remaining energy is taken into account. Incentives 

are evaluated using economic variables such as payback duration, net actual value, and an inner rate of return. 

As a result, pooled energy storage enhanced prosumer self-consumption by up to 11%. The approach has major 

economic benefits as well as enhanced electricity efficiency
[178]

. Yuan & Xie. (2023) investigated an integrated 

scheme for home load planning or load commitment problems (LCP) using renewable energy resources, 

regardless of tariff type. Reinforcement learning (RL) is a successful approach for solving uncertainty-based 

decision-making difficulties. The RL-enabled LCP solution in smart MG. The arrangements are examined for 
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efficacy and adaptability in simulated experiments. The effectiveness of the algorithm was examined using a 

home user, schedulable and non-schedulable devices, and PV resources
[179]

. 

Power output of a PV array is based on ambient temperature and solar irradiance .The power output is 

estimated by Bhandari et al. (2014), Singh & Bachawad. (2015),Janevska. (2017), Kumar et al. (2022), H. 

Nguyen & P. Nguyen (2015), Roy et al. (2022), Sawle et al. (2016), Niranjan & Pandey (2018), Bani-Hani et al. 

(2018) and Icaza et al. (2020)as follows: 

Ppv=η
pvg

ApvgGt(1) 

Whereη
pvg

 is PV generation efficiency, Apvg is PV generator area (m
2
),and Gtis solar irradiation in tilted 

module plane (W/m
2
)

[180–189]
. 

 

6.3.2 Wind Power System 

According toQi et al. (2020)one of the significant issues with prosumer MGs is the uncertainty of RESs 

such as wind power. The authors evaluate the impact of a static synchronous compensator (STATCOM) and a 

static VAR compensator (SVC) on transitory voltage stability at a doubly fed induction generator (DFIG)-based 

wind farm's point of common coupling (PCC). The coordinated control strategy can not only increase transitory 

voltage stability but also help minimize STATCOM capacity, lowering the cost of wind farm spending
[190]

. Tan 

et al. (2021) suggested a method for assessing wind power accommodation capability (WPAC) in multi-energy 

microgrids (MEMG). The volatility of wind power has created significant issues for wind power 

accommodation as installed capacity has increased. The accurate evaluation result of WPAC has significant 

guiding value in the construction of the MEMG day-ahead wind power trading plan. Experiments on a MEMG 

comprised of an IEEE 33-bus power system and a 23-node district heating network (DHN) validate the method's 

effectiveness
[191]

. 

In a similar vein, Msigwa et al. (2022) discovered that the energy sector contributes greatly to GHG 

emissions because of the burning of fossil fuels, which causes environmental difficulties. There is a global shift 

away from fossil fuel-based energy and toward RESs such as solar, wind, geothermal, and biomass. Wind 

energy is a promising RES since it is both viable and cost-effective. The authors intend to examine the effects of 

wind energy generation on environmental, economic, and social elements of long-term viability as well as 

mitigating techniques. Finally, suggestions and future views on the long-term viability of wind energy 

generation are presented
[192]

. Jacob Knauf (2022) stated that according toa choice-based combined study of 811 

German individuals, financial rewards improve citizens' approval of a hypothetical wind energy installation near 

their houses. All evaluated benefits are valued by enthusiasts and a substantial proportion of residents who have 

very weak inclinations toward local wind energy plants. The results help to influence present regulations that 

implement reward schemes for wind energy projects in order to enhance community acceptability and secure 

broad approval for projects
[193]

. 

In addition, Maitre et al. (2023) varied between shared community benefit funds, near-neighbor 

compensation, and citizen investment in relation to the problems of ownership, forms of interaction, and 

economic benefit management during wind farm siting, building, and employment. Strong advocates are swayed 

more by the economic benefits to the community as a whole and local ownership of wind farms, especially joint 

partnerships between the developer and the community
[194]

. The core equation determining wind turbine 

mechanical power is provided by Bhandari et al. (2014), Singh & Bachawad(2015), Janevska. (2017), Kumar et 

al. (2022), H. Nguyen & P. Nguyen (2015), Roy et al. (2022), Sawle et al. (2016), Niranjan & Pandey (2018), 

Bani-Hani et al. (2018), Icaza et al. (2020) and Acakpovi et al. (2020) as follows: 

PW= 1
2 CpρAV3 λ,β (2) 

where, Cp is power coefficient of the turbine, ρ is air density (kg/m
3
), A is intercepting area of the rotor 

blades (m
2
), V is average wind speed (m/s), λ is tip speed ratio of the rotor blade tip speed to wind speed and β is 

blade pitch angle (degree). The theoretical maximum value of the power coefficient Cp is 0.593, also known as 

Betz’s coefficient
[180, 181, 195, 182–189]

. 

 

6.3.3 Hydro Power System 

Baurzhan et al. (2021) examined the economic impacts of 57 World Bank Group-sponsored hydropower 

dam plant investments. Hydropower dams are one of the primary forms of energy generation and the entire 

globe's largest renewable source of energy production. In the Clean Energy Revolution to address global climate 

change, hydropower dams are frequently a lower-cost choice for energy production. According to the outcomes, 

the examined hydropower inventory helped prevent over a billion metric tons of CO2 for a global environmental 

benefit predicted to be worth almost USD 350 billion. The net economic benefits of hydropower can be higher if 

more effort is made to control costs and time overruns
[196]

. As per Sibtain et al. (2021) hydropower remains a 
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key source of secure, low-cost, and clean energy for the country due to the substantial availability of resources 

and well-managed technology
[197]

. Adomavičius et al. (2023) presented a brief outline of the infrastructure 

required to establish a MG employing a small-scale hydro power plants (HPPs) supplemented by a floating solar 

power plant (SPP) and wind power plants (WPP). Solar, wind, and hydropower plants now have the lowest 

electricity costs, while fossil-fuel power plants are significantly below them
[198]

. 

In a related vein, Shukla & Raju (2021) investigated studies on two-area microgrid systems, one with 

modest hydro and the other with DG. EVs are now available in both places. The EV can be performed in either 

V2G (source) orgrid-to-vehicle (G2V)(load) mode. The outcomes are obtained using the MATLAB/Simulink 

platform, which produces outstanding results
[199]

. (Bhatti et al., 2023) developed a hybridization technique in 

which HPP is coupled with an ESS to boost operational flexibility and decrease HPP harm. Models are created 

to describe the hybrid system's function, evaluate deterioration, and evaluate economic advantages. 

Furthermore, a novel controller separates the market allocation signal into control set points for the ESS and 

HPPs. According to case studies conducted on a real-world hydropower facility, ESS-based hybridization can 

increase the life of the HPP by 5% in aggregate. The projected economic benefits of decreased upkeep and 

delayed spending are $3.6 million
[200]

. The turbine's mechanical power is specified by Bhandari et al. (2014), 

Singh & Bachawad (2015) and Janevska (2017)as follows: 

PH=η
total

ρgQH                                                  (2.3) 

where PH is mechanical power output produced at the turbine, η
total

hydraulic efficiency of the turbine, ρ 

is density of water (1000 kg/m
3
),g is acceleration due to gravity (9.81 m/s

2
),Q is flow rate in the pipe (m

3
/s) and 

H is effective pressure head (m)
[187]–[189]

. Osman et al. (2023) and Rahman et al. (2022) shown inFig.5 renewable 

energy sources in electricity generation in giga watt% from a total of 2587.6 giga watts. Hydropower is the 

major contributor to the production of energy. Solar and wind energy contribute 50% of overall electricity use. 

Power plants based on geothermal, oceanic, and biomass sources contribute little over 6%
[170, 201]

. 

 

 
Fig.5. Electrical power generation by RES based power plants 

 

6.3.4 Energy Storage Systems 

Hannan et al. (2021)stated that each type of storage has unique characteristics, including capacity, energy 

and power output, charging and discharging rates, efficiency, life cycle, and cost, which must be considered for 

potential uses. The various ESS technologies exhibit varying incarceration based on the materials and power 

electronic interactions
[202]

. Many researchers used the storage system technologies in MGs like, Luo et al. (2015) 

and Yi et al. (2021)Lithium-ion batteries 
[203, 204]

, Chen et al. (2018) and Cruz et al. (2018) Lead acid batteries 
[205, 206]

, Lourenssen et al. (2019)Vanadium redox flow batteries
[207]

, Luo et al. (2015) and Wang et al. (2020) 

Sodium sulfur batteries 
[204, 208]

, Torres et al. (2022) Sodium nickel chloride batteries
[209]

, Edalati et al. (2022) 

Nickel metal hybrid batteries 
[210]

, Edalati et al. (2022) and Blumbergs et al. (2021) Nickel cadmium batteries
[210, 

211]
, Edalati et al. (2022) and Popat et al. (2022) Polysulphide bromine redox flow batteries 

[210, 212]
, and Xu et al. 

(2020) Zinc bromine redox flow battery 
[213]

. According to Zarate-Perez et al. (2022) the most prevalent barriers 

to building a battery energy storage system are economic considerations, since academics have concentrated on 

the analysis of costs and benefits
[214]

. . 
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Likewise, Rahmani et al. (2023) studied that ESSs are beneficial technologies for ensuring the steady 

functioning of microgrids, particularly those with high renewable energy consumption. The functioning of a 

microgrid is closely linked to the planning of ESS units. In order to control MG in an effective way, a novel 

method for ESS planning has been proposed. As ensuring dependability and cost minimization are opposing 

objectives in ESS planning, the issue of multi-objective optimization should be solved for efficient ESS 

scheduling. The findings of implementing this strategy on a modified 33-bus IEEE test system support the 

usefulness of the scheme for improving MG dependability
[215]

. X. Liu et al. (2023) offered photovoltaic and 

energy storage system (PVESS) integration in public transportation (PT) as a possible way to reduce transit 

companies' charges and carbon emission expenses. On the other hand, the quantifiable consequences of PVESS 

on operational costs, carbon emission costs, bus planning, and energy management in PT are unknown. To 

establish the best PVESS layout for battery electric bus (BEB) charging points, a surrogate-based optimization 

method is used. An investigation is conducted by implementing PVESS at BEB charging points in Beijing, 

China, utilizing archaeological climate and bus operational information. According to the findings, the recycling 

power price of PV generation is critical to impacting charging costs and carbon emissions. Battery capacities 

have a significant impact on PVESS planning patterns
[216]

.  

In a related vein, Gonzalez et al. (2021) examined the energy characteristics of a BEB driving on 

commercial paths as well as the technical viability of replacing the present public transportation inventory in an 

Andean city with BEBs. As an addition to the PT's long-term viability, the study demonstrates a potential 

replacement for integrating renewable energy sources for BEB charging based on photovoltaic solar power and 

the utilization of energy storage devices
[217]

. As per the literature, I found that the integration of renewable 

energy generation, such as hydro, solar, and wind power plants, with transportation systems is more economical, 

environmentally friendly, and has a lower operational cost as compared to traditional fossil fuel-based energy 

generation. Additionally, energy storage systems are more beneficial for MG reliability, sustainability, and 

increased efficiency. 

 

7. Research Trends 
According to Akil et al. (2020), Ishaq et al. (2022), Azad et al. (2020) and Engel et al. (2022)recent 

developments in MG and transportation systems include the following trends
[84, 113, 176, 218]

: 

 Renewable energy generation with transportation systems has become a fascinating trend, providing an 

unparalleled chance to capture the entire potential of RESs while also meeting our world's expanding 

energy needs. This easy integration not only encourages efficient RES consumption but also acts as a 

catalyst to increase grid stability and sustainable energy management. By adopting this enthralling 

cooperation, we unlock a future of limitless possibilities in which our reliance on traditional energy 

sources fades into oblivion, paving the way for a new era of clean, green, and sustainable energy. 

 Advanced control and development of optimization algorithms have become great trend in coordinating 

and managing the optimal supply of energy in MGCs. These algorithms will use real-time data analytics, 

mathematical models, machine learning, and predictive modeling to optimize energy usage, reduce 

waste, and guarantee the transportation system has a consistent energy supply. 

 There is a trend toward implementing demand response and load management strategies to assure the 

optimal supply of energy in a large-scale system. This entails modifying consumption of energy and 

generation in response to real-time demand and price signals in order to maximize efficiency and lower 

costs. 

 There is a trend towards implementing energy storage solutions within MGCs to overcome the 

intermittency and unpredictable nature of RESs. This entails using batteries, pumped hydro storage, and 

other technologies to save excess energy during times of low demand and release it when needed. 

 As EVs become more popular, there is an increasing trend toward employing V2G technology to allow 

bidirectional energy transfer between the grid and EVs. This enables EVs to not only use but also send 

energy returned to the grid during times of high demand, thereby improving the entire stability and 

durability of the transportation energy system. 

 

8. Conclusion 
To conclude, the coordination and optimal supply of MGCs and their integration with transportation 

systems have recently drawn a lot of attention due to the many benefits they hold. This paper presents an 

extensive review of the coordination and optimal supply of MGCs in LSTSCES. It is an important area of 

research that has the potential to transform the energy sector. MGC integration can help minimize dependence 

on traditional energy sources and boost the use of RESs. The purpose of this study is to review new types of 

power transportation that have the potential to reduce GHG emissions, promote sustainability, and improve total 
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transportation efficiency. To review the coordination and un-coordination, we found that coordination is more 

beneficial for the MGs and transportation systems. To study the hierarchical, centralized, and decentralized 

control structures and prove that hierarchical control in the fashion of decentralized systems for large-scale 

systems is more beneficial and cost-effective. To discuss the optimization techniques and prove that 

metaheuristic algorithms are more economical. Moreover, to study the economic model, RESs is more 

economical than traditional sources with ESSs for MGCs. The concentration of research could be on developing 

algorithms and strategies capable of handling large-scale applications while preserving efficiency and 

dependability. This could include doing a cost-benefit analysis, investigating regulatory frameworks, and 

assessing incentives or procedures to encourage the adoption of self-consistent energy systems. Renewable 

energy generation with transportation systems has become a fascinating trend. Advanced control and the 

development of optimization algorithms have become a great trend in coordinating and managing the optimal 

supply of energy in MGCs. These algorithms will use real-time data analytics, mathematical models, machine 

learning, and predictive modeling to optimize energy usage, reduce waste, and guarantee the transportation 

system has a consistent energy supply. There is a trend toward implementing demand response and load 

management strategies to assure the optimal supply of energy in a large-scale system. There is a trend towards 

implementing energy storage solutions within MGCs to overcome the intermittency and unpredictable nature of 

RESs. As EVs become more popular, there is an increasing trend toward employing V2G technology to allow 

bidirectional energy transfer between the grid and EVs. Advanced control algorithms, energy management 

systems, and optimization techniques can aid in the optimal supply and coordination of MGCs, resulting in a 

more sustainable and reliable energy future. 

 

Future Work Suggestions: 

 Investigate the use of advanced artificial intelligence (AI) approaches like machine learning and deep 

learning to improve the coordination and optimization of MGCs in transportation energy systems. AI can 

help with real-time decision-making, load forecasting, energy management, and problem identification. 

 To solve the issues involved with coordinating and optimizing MGCs in a large-scale transportation 

system, develop and deploy novel optimization algorithms. These algorithms are capable of efficiently 

handling complex constraints, uncertainties, and multi-objective optimization problems. 

 To explores the integration of advanced energy storage technologies like battery systems, super 

capacitors, and hydrogen storage in transportation MGCs, aiming to enhance system efficiency and 

reliability. 

 The study explores demand-side management techniques for coordinating EV charging and discharging 

activities in MGCs and implementing smart charging infrastructure for efficient energy use. 

 Analyze the economic and policy aspects of implementing MGCs in transportation self-consistent energy 

systems, considering pricing, regulatory frameworks, and market incentives. 
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