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Abstract - Power management techniques for coordinating several microgrids with Renewable Energy Resources (RERs) are 

one of the most important operational factors in ensuring optimal power supply. In this study, power management in grid-

connected Microgrids using an Adaptive Neuro Fuzzy Inference System (ANFIS) control technique has been examined. An 

ANFIS-based power dispatch is presented with four (4) microgrids integrated into a 34-bus distribution network, and each 

Microgrid consists of a wind turbine coupled with two mass drive trains coupling Permanent Magnet Synchronous Machine 

(PMSM) generator, a solar Photovoltaic (PV) panel, and a Battery Energy Storage System (BESS). The proposed study aimed 

at evaluating the performance of coordination multiple grid-connected microgrids operation based on power sharing in a 34-

bus radial distribution network. Maximum Power Point Tracking (MPPT) is used to harvest available PV model power. 

Available grid power and load demand were used as input data for training ANFIS. The proposed concept is implemented in 

MATLAB/SIMULINK. The system evaluation performance is taken in terms of optimal power dispatch between multiple 

Microgrids; the system is capable of storing excess power from one Microgrind with low storage capacity into another 

Microgrid with enough storage capacity. The effectiveness of the power dispatch in a 34-bus radial distribution network under 

grid-connected and Islanded mode of Microgrids using ANFIS controller has been successful for optimal power dispatch. 

Keywords - ANFIS controller, Optimal power dispatch, Coordination, Radial distribution network, Renewable energy 

resources.

1. Introduction  
The primary drivers of global interest in renewable 

energy sources are the rising rates of fossil fuel consumption 

and public pressure to reduce pollutant emissions in the 

power-producing sector. The penetration of renewable 

energy sources in distribution networks results from reduced 

distribution infrastructure, minimizing system power losses, 

and power quality enhancement [1]. The management of 

these renewable sources is challenging. Hence, the proper 

controllers are needed to manage these sources integrated 

into the distribution network; because of this, in reference [2], 

the authors proposed a method that combines the Ant Lion 

Optimization (ALO) and Bat algorithms to improve the 

power management of microgrid utilizing droop control in 

sharing the power generated. A load sharing Adaptive 

(ANFIS) droop control strategy for hybrid microgrids was 

also proposed in [3]. In another study, a Distributed Model 

Predictive Control (DMPC) based cooperative energy 

management strategy for grid-connected microgrids was 

proposed in [4], where internal power exchanges between 

microgrids were virtualized based on a two-level structure. In 

resolving the demand and generation uncertainties in the 

interconnected and island-based operation of the domestic 

Microgrid (MG), a unique energy management framework 

integrating proactive and reactive approaches was presented 

in [5] for energy scheduling.  

 

An adaptive droop control method was proposed in [6] 

to improve the operation communication of Multiple Grid-

Connected Microgrids with a Multi-Layer coordinated 

control scheme to manage the power exchange among other 

microgrids. It was underlined that the Hybrid Energy Storage 

System (HESS) used included a method for suppressing 

power fluctuations. In managing the load demand in a grid-

connected Microgrid network for simulating the best energy 

management in a smart grid system that is connected to the 

grid, the Seagull Optimization Algorithm and the Radial 

Basic Functional Neural Network (SOA-RBFNN) were 

proposed in  [7].  

https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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A hybrid Distributed Generator (DG) with storage units 

and Grid Integration using ANFIS for Power control and 

management techniques were employed [8] to control and 

stabilize the power under various dynamic scenarios to 

reduce the discrepancies in the PV plant caused by changes 

in temperature in order to increase system performance. In 

[9], [10], Photovoltaic, Wind, and techniques for managing 

battery power in hybrid AC/DC microgrids using hybrid 

ANFIS PID  with Elephant Herding Optimization (EHO) 

based cost optimization with droop control technique were 

utilized for the purpose of managing electricity; an interlink 

converter distributes the load between AC and DC system. 

Maintaining a consistent power flow between all renewable 

energy sources (PV, WT) and the load while maintaining 

effective microgrid power management is important to 

ensure that the battery power does not exceed the design 

limits. A supervisory controller using an Artificial Neuro-

Fuzzy Interference System (ANFIS) with an Elephant Herd 

Optimization (EHO) algorithm was proposed in [10] with a 

hybrid power management technique in a Microgrid 

environment. Another study based on ANFIS and GA 

Approaches to enhance Microgrid performance through 

hybrid energy storage system integration was proposed in 

[11]. Power Quality (PQ) enhancement in using PID, ANFIS, 

Distributed Power Flow Controller (DPFC) [12], Black 

Widow Optimization (BWO), and Fractional Order 

Proportional-Integral-Derivative (FOPID) were introduced 

by [13] where distributed power flow controller (DPFC) is 

integrated into a hybrid power system (HPS) for a distribution 

network to reduce Power Quality (PQ) issues such voltage 

sag, swell, interruptions, and harmonic elimination. 
 

Integrating renewable energy sources into a distribution 

network result in changes in bus voltage profile; hence, 

managing PV inverters' reactive power is challenging. 

Therefore, to enhance voltage regulation and reactive power 

sharing in Low Voltage (LV) distribution networks, the 

authors in [14] proposed local droop control to determine bus 

voltage deviation. A study was done on coordinating the sub-

grid power management in a hybrid AC-DC Microgrid with 

different renewable sources to analyze the effects of using a 

traditional proportional-integral controller, a fuzzy logic 

controller, and an ANFIS-based controller in the battery's 

control strategy when subgrids are exposed to electric power 

fluctuation in distribution networks thereby reducing voltage 

variations during load changes was conducted in reference 

[15]. In maintaining a stable operation of the hybrid AC/DC 

Microgrid consisting of solar energy and wind, a coordination 

control of the hybrid system power dispatch is necessary for 

system stability and power balance in order to improve the 

Distributed Generators (DG) utilization efficiency, protect 

converters and maintain the stable operation of distribution 

network power flow [16]. In order to enhance power 

generation and conversion, the authors in  [17] recommend 

coordinated power management for a microgrid that 

incorporates solar PV plants with Maximum Power Point 

Tracking (MPPT). The hybrid MPPT solution was built on a 

Particle Swarm Optimization-Adaptive Neuro-Fuzzy 

Inference System (PSO-ANFIS) for maximizing PV power 

quickly and integrating battery energy storage management 

to keep an isolated microgrid's voltage and frequency stable. 

In reference [18], a Generalized Current-Based Control 

(GCBC) approach was used to coordinate distributed energy 

resources in a grid-connected Low-Voltage Microgrid with a 

focus on regulating the microgrid power dispatchability at the 

Point of Common Coupling (PCC) while making sure of 

sharing current proportionally. A proposed Low Voltage 

(LV) Microgrid based on intelligent coordinated control for 

enhanced voltage and frequency regulation with efficient 

switchover operation is introduced in [19] using ANFIS to 

control power balance, voltage, and frequency by minimizing 

transient during power exchange in a distribution network. In 

achieving power decoupling, the authors emphasized that an 

inverse droop control was used in achieving that.  

 

A hybrid Radial Basis Function Neural Network 

(RBFNN) and Squirrel Search Algorithm (SSA) was 

proposed in [20]to manage energy in grid-connected hybrid 

power systems more intelligently and economically while 

taking into account the forecast of load demand, fuel cost 

involvement, hourly grid power variation, and operation with 

a maintenance cost of a microgrid system. To improve Power 

Flow (PF) between the renewable energy source (PV, MT, 

WT, and battery) and load and lower the cost of electricity to 

customers connected to a distribution network. In the 

suggested methodology, a Hybrid Whale Optimization 

(HWO) and an Artificial Neural Network (ANN) approach 

were combined in reference [21]. For the purpose of 

achieving optimal power flow (OPF) for the transportation of 

wind energy in power transmission in an IEEE 30-bus 

system, a novel meta-heuristic algorithm, namely a Coati 

Optimization Algorithm (COA) and a war Strategy 

Optimization (WSO) was proposed in [22]. It was indicated 

in the paper that the algorithm minimizes the total Electricity 

Generation Expenditure (EEGE) alongside the value point 

effect and minimizes the Voltage Fluctuation Index (VFI). 

Maintaining power balance under variable generation and 

consumption conditions in a grid-connected Microgrid, a 

droop control with MPPT technique was applied to 

Photovoltaics (PVs) and Wind Turbines(WTs) in [23] to 

enhance power sharing and minimize power (active power) 

interruption to a consumer. With multiple sources of 

renewable energy plant coordination in a Microgrid 

architecture, the authors in reference [24] proposed an 

Adaptive Neuro-Fuzzy logic Interface System (ANFIS) 

Based reactive power and active power (QP) droop control 

for regulating voltage and frequency in Standalone Microgrid 

having Diesel generator, Wind generator, PV System, and 

Battery Energy Storage System (BESS) to improve power 

quality, system stability, and reliable power supply. 

Achieving effective power flow control in a DC Microgrid 

without negatively damped oscillations caused by power 
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electronic devices acting as Constant Power Loads (CPLs) in 

a Microgrid network, an adaptive controller with Cubature 

KALMAN Filter (CKF) utilizing neuro-fuzzy inference 

system (ANFIS) is proposed in the article [25] considering 

Disturbance Accommodation Technique (DAT) in a given 

network, while in [26], [27] investigated into using Electric 

Spring (ES) with a Hybrid ANFIS-GA Based control 

technique to enhance DC Microgrids a voltage regulation 

authorize to meet the demand for power by controlling 

system load demand.  

 

Research in identifying the ideal capacity, energy 

dispatching, and techno-economic advantages of a 

standalone Microgrid for remote area distribution network 

expansions with the integration of renewable energy sources 

such as Photovoltaic (PV), Wind Turbine (WT), Battery 

Energy Storage System (BESS), and Diesel Generator (DG) 

of interest for dependable power supply were investigated 

according to [28]. In addition, the authors in the papers [1], 

[12], [29] voltage sag or swell, voltage unbalance, frequency 

deviations, power characteristics, total harmonic distortion, 

and neutral current correction in multi-microgrid networks as 

a result of the penetration of nonlinear loads and the fusing 

of power electronic converters. To enhance power quality in 

many microgrids, the authors employ this analysis. An 

intelligent energy management strategy was employed to 

estimate demand for Electric Vehicles (EVs), forecast solar-

based electricity generation, and optimize PV generation and 

grid power consumption [30]. The goal was to reduce the 

peak demand at electric vehicle charging stations that are 

grid-connected and powered by solar energy. Performance 

analysis of an islanded microgrid was conducted in [31] 

based on an adaptive neuro-fuzzy system to control power 

and frequency fluctuations considering power sharing among 

multiple Distributed Generators(DGs) in a standalone 

Microgrid. Meanwhile, intelligent battery energy storage 

system charging and discharge control in a three-phase 

distribution using ANFIS was proposed in [32] to ensure 

batteries are not overcharged or over-discharged to enhance 

long lifespan in a modified IEEE 9 bus system.  

 

From the above literature survey, it is important to 

emphasize that quiet approaches are used in power quality 

management, voltage, and frequency control, with few works 

carried out on power sharing between multi-microgrids in a 

radial distribution network. Yet, considering multiple sources 

of Microgrid power generation where excess power is 

generated and cannot be stored in another storage system in 

different Microgrid energy storage systems is not realized in 

the literature, hence a gap in Microgrid energy management 

system. The continued integration of multiple distributed 

energy sources into conventional grid systems needs 

immediate attention on creating a system capable of 

mitigating the wastage of excess generated power more than 

load demand, which cannot be stored for future use. Having 

mentioned these, the novelty of this proposed work is 

managing power generated using an adaptive technique of 

power dispatching and ensuring an effective storage 

management system where excess power from one Microgrid 

is stored in another Microgrid with the excess storage system. 

To demonstrate this, in this proposed work, four microgrids, 

each made up of a Photovoltaic (PV) plant, Wind Turbine 

(WT), and Battery Energy Storage System (BESS), were 

considered and integrated into a modified 34-bus radial 

distribution network using an ANFIS controller to control 

power sharing in a 24-hour horizon.  

 

The main contributions of the proposed work are as follows; 

(1) Coordination of multiple grid-connected Microgrids for 

optimal power dispatch in a Radial Distribution 

Network (RDN). 

 

(2) Using an Adaptive control system capable of storing 

excess power from one Microgrid with low storage 

capacity into another Microgrid with enough storage 

capacity.  

 

(3) Controlling two mass drive train models coupling the 

wind turbine and the generator, a Permanent Magnet 

Synchronous Machine (PMSG) using ANFIS controller 

for optimum power generation. 

 

(4) Utilizing ANFIS controller to maintain charging and 

discharging of the Battery Energy Storage System 

(BESS). 

 

The remaining sections of this document are structured 

as follows: Section 2 consists of Materials and methods. 

Simulation results and discussion are presented in section 3. 

Section 4 contains the conclusions of this paper. 

 

2. Materials and Methods  
Throughout this paper, MATLAB/SIMULINK software 

was used for the modeling of the radial distribution network, 

the uncertainty of the PV plants, the modeling of the Wind 

Turbine, the Battery storage system, data training of the 

ANFIS controller, the design of the drive train, and the entire 

simulation of the proposed system. 

2.1. Data Training of ANFIS Controller for Optimal Power 

Dispatch 

Considering the erratic nature of DG power sources in a 

distribution network, an ANFIS controller was used to select 

the appropriate energy sources available, considering power 

supply availability and load demand. This study was 

employed using the Sugeno-type Adaptive Neuro-Fuzzy 

Inference System (ANFIS)  [33]–[35] since it integrates well 

with optimization and adaptive methods. In determining the 

optimal dispatch of Microgrid sources, input fuzzy sets and 

rules were used. The load demand [PLD(t)] and available 
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power supply [PMG(t-1)] of the microgrid DGs were taken 

into consideration as the input, and the reference power 

(PMGRef) as an output of the ANFIS controller in this paper. 

The membership function for the input variable was 

considered as the available power sources and the system 

load demand. In order to create the fuzzy design and its input 

variables, a system's input-output details are used to derive 

the initial rule set. The second layer (product) multiplies 

inputs from the minimum regulatory base by tweaking the 

initial rule set. The third layer is employed in the ANFIS 

structure to stabilize the weights. The output of the fourth 

layer, which generates the consequence of regulation, is a 

direct feature of the outcome of the third layer. In the fifth 

layer, each regulatory outcome is reported [17], [27], [32]. 

Figure 1 simplifies the suggested ANFIS structure. 

 

2.2. ANFIS Training Data Formulation 

In dispatching the distributed energy sources in a 

Microgrid system integrated into the grid, the proposed 

ANFIS technique requires the right training data. The 

required energy management training data were based on the 

load demand [PLD(t)] at a particular moment and the 

available generation [PMG(t-1)] from DG sources. The 
objective function of the proposed system is indicated using 

Equation (1) for data training to establish the reference power 

that must be generated from distributed sources. The 

parameters considered are main grid power, Photovoltaic 

(PV), Wind Turbine Power(WTP), with and without battery 

storage power (BESS). The power balance was expressed 

mathematically in Equation (2) and is taken into account for 

system operation. System operation constraints are 

considered in Equation (3), while Equation (4) was used for 

reference power estimation. Finally, the general training data 

for the ANFIS was done using Equation (5) based on the 

reference power obtained in Equation (4). 
 

𝑃𝐴(𝑡) = ∑[𝑃𝐺𝑅𝐼𝐷(𝑡) + 𝑃𝑃𝑉(𝑡) + 𝑃𝑊𝑇(𝑡)

𝑁

𝑡=1

± 𝑃𝐵𝐸𝑆𝑆(𝑡)]                                               (1) 

 

 

∑[𝑃𝐺𝑅𝐼𝐷(𝑡) + 𝑃𝑃𝑉(𝑡) +  𝑃𝑊𝑇(𝑡) +  𝑃𝐵𝐸𝑆(𝑡)]

=  ∑𝑃𝐿𝐷(𝑡) + ∑𝑃𝐿𝑜𝑠𝑠(𝑡)                  (2) 

 

[
 
 
 
 
 

𝑃𝐴𝑀𝐼𝑁
(𝑡) ≤ 𝑃𝐴(𝑡) ≤ 𝑃𝐴𝑀𝐴𝑋

(𝑡)

𝑃𝐺𝑅𝐼𝐷𝑀𝐼𝑁
(𝑡) ≤ 𝑃𝐺𝑅𝐼𝐷(𝑡) ≤ 𝑃𝐺𝑅𝐼𝐷𝑀𝐴𝑋

(𝑡)

𝑃𝑃𝑉𝑀𝐼𝑁
(𝑡) ≤ 𝑃𝑃𝑉(𝑡) ≤ 𝑃𝑃𝑉𝑀𝐴𝑋

(𝑡)

𝑃𝑊𝐷𝑀𝐼𝑁
(𝑡) ≤ 𝑃𝑊𝐷(𝑡) ≤ 𝑃𝑊𝐷𝑀𝐴𝑋

(𝑡)

𝑃𝐵𝐸𝑆𝑆𝑀𝐼𝑁
(𝑡)  ≤ 𝑃𝐵𝐸𝑆𝑆(𝑡) ≤ 𝑃𝐵𝐸𝑆𝑆𝑀𝐴𝑋

(𝑡)]
 
 
 
 
 

      (3)     

[
 
 
 
 
 
 𝑃𝐴

𝑅𝑒𝑓(𝑡) = 𝑃𝐿𝐷(𝑡)

𝑃𝐺𝑅𝐼𝐷
𝑅𝑒𝑓 (𝑡) = 𝑃𝐺𝑅𝐼𝐷(𝑡)

𝑃𝑃𝑉
𝑅𝑒𝑓(𝑡) = 𝑃𝑃𝑉𝑀𝑃𝑃𝑇

(𝑡)

𝑃𝑊𝑇
𝑅𝑒𝑓(𝑡) = 𝑃𝑊𝑇(𝑡)

𝑃𝐵𝐸𝑆𝑆
𝑅𝑒𝑓 (𝑡) = 𝑃𝐵𝐸𝑆𝑆(𝑡) ]

 
 
 
 
 
 

                                       (4)  

[
 
 
 
 
 
 
 

𝑃𝑀𝐺(0), 𝑃𝐿𝐷(1)

𝑃𝑀𝐺(1),  𝑃𝐿𝐷(2)

𝑃𝑀𝐺(2),  𝑃𝐿𝐷(3)
.
.
.
.

𝑃𝑀𝐺(𝑡 − 1),  𝑃𝐿𝐷(𝑡)]
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
𝑃𝑅𝑒𝑓(0)

𝑃𝑅𝑒𝑓(1)

𝑃𝑅𝑒𝑓(2)
.
.
.
.

𝑃𝑅𝑒𝑓(𝑡)]
 
 
 
 
 
 
 
 

               (5)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Proposed ANFIS layer framework 
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2.3. PV Output Power Considering the Uncertainty 

Adequate assessment of the variables that impact PV 

performance is the foundation for effective PV power 

generation. Among these variables are temperature, 

meteorological conditions (clouds, shadows, rain, dust, etc.), 

the effectiveness of power conversion, and solar radiation on 

panels (Sirr).  

Hence, for optimal performance of PV for grid 

connection, these parameters must consequently be taken into 

account. In this paper, temperature was considered. 

Equations (6) and (7) describe the mathematical expression 

of PV output power with or without taking operating 

temperature uncertainty into account, and Equation (8) 

depicts the operating temperature of PV depending on solar 

irradiation and ambient temperature. 

 

𝑃𝑣 =  𝜂𝐴𝑃𝑉𝑆𝑖𝑟𝑟[1 − 0.005(𝑇𝑜 − 25)]                (6) 

 

𝑃𝑣 =  𝜂𝐴𝑃𝑉𝑆𝑖𝑟𝑟[1 − 0.005(𝑇𝑎 + 𝑆𝑖𝑟𝑟 − 25)]                (7) 

 

𝑇𝑜 = 𝑇𝑎 + 𝑆𝑖𝑟𝑟                  (8) 

Where Sirr is solar radiation on the PV panel, PV is the 

power of the PV, Apv is the area of the PV panel, Ta is the 

ambient temperature, To is the PV operation temperature, and 

𝜂 is the efficiency of the PV panel. 

2.4. Mathematical Modeling of Wind Turbine 

The mechanical power produced by a wind turbine was 

calculated using the following equations. 

𝑃𝑚 = 
1

2
𝑥𝐶𝑝(𝜆, 𝛽)𝐴𝑇𝜌𝑉3                     (9) 

𝑇𝑚 =
𝑃𝑚

Ꞷ𝑡

                          (10) 

𝐶𝑃(𝜆, 𝛽) = 𝐶1𝑥 (
𝐶2

𝜆𝑖
− 𝐶3𝛽 − 𝐶4𝛽

2 − 𝐶5) 𝑒
−(

𝐶6
𝜆𝑖

)
              (11)  

 

𝜆𝑖
−1 = (𝜆 + 0.008𝛽)−1 − 0.0035(1 + 𝛽3)−1                 (12) 

 

𝜆𝑇 = 𝜆𝑇
𝑜𝑝𝑡𝑖𝑚𝑎𝑙

= 
Ꞷ𝑡𝑅𝑇

𝑉
                                     (13) 

 

Where: Pm is the power extracted by the wind turbine or 

the mechanical power, V indicates wind speed(m/s), A is the 

rotor area(m2) = 𝜋𝑟2 with r being the radius of the wind 

turbine blades, 𝜌 indicates air density(kg/m3), Cp is the power 

coefficient, 𝛽 represents the pitch angle, 𝜆 the tip speed 

ratio, Ꞷ𝑡 is the relational speed of the wind turbine(rad/sec), 

𝜆𝑖 is the intermittent tip speed ratio (TSR) and is related to 𝜆𝑇 

and 𝛽, as shown in Equation (12). Cp is defined in terms of 

the turbine coefficient constants from C1 to C6, as indicated 

in Equation (11). The mathematical equations were modeled 

in Simulink, as shown in Figure 2.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2 Mathematical model of proposed wind turbine equations in Simulink 
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2.5. Modified 34-Bus Radial Distribution Network for 

Integration of Microgrids 

In this paper, a test distribution system for a radial 34-

bus system was modified. The test system was installed with 

Distributed Generation (DG) power sources and loads. 

Utilizing MATLAB Simulink, this system was created. This 

study considered critical loads, energy storage systems, and 

non-critical loads in addition to Distributed Energy 

Resources (DERs). The suggested MG can operate in both an 

island mode and a grid connection mode. At buses 3, 10, 22, 

and 30, respectively, the four microgrids are connected to the 

distribution network. 

Bus 2,4,5,11,12,14,16,17,20,23,25,27,28,30,31 and 34 

collectively connect 16 load locations. Figure 3 shows the 

flowchart of the proposed Microgrid control strategy. Figure 

4 represents the modified radial distribution network, while 

Figure 5 is the complement implantation of the work in a 

MATLAB/SIMULINK. In the proposed grid-connected 

Microgrids, DER power and loads were controlled 

continuously based on the randomness of a load consumption 

profile and available power supply. The proposed ANFIS 

controller evaluates system requirements based on logical 

decisions and chooses the best reasonable action for optimal 

power dispatch.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Flowchart of grid-connected microgrids energy dispatching 
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Fig. 4 Modified single line diagram of 34 buses radial distribution network [36]  

 
Fig. 5 Proposed Simulink 34 buses radial distribution Network with four Microgrids 

3. Results and Discussion  
As stated in the previous section, a 34-bus Radial 

Distribution Network (RDN) integrated four Microgrid was 

proposed in this study with the focus of evaluating the 

performance of coordinating multiple grid-connected 

Microgrids energy sources for optimal power dispatch using 

ANFIS. As detailed in section two of this paper, 

MATLAB/SIMULINK software was used to design, model, 

and simulate the system. For efficient solar energy harvest 

considering the temperature uncertainty, the PV plant boost 

converters were controlled with a Maximum Power Point 

Tracking (MPPT) controller to extract the maximum 
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available power from the PV module. A signal builder was 

used to build the solar irradiance, having the maximum and 

minimum irradiance as 1200 (W/m2) and 0 (W/m2), 

respectively. The maximum irradiance was observed 

between the hours of 10:00h to 17:00h of the day, as shown 

in Figure 6.  This was achieved using the MPPT in getting 

adequate power from the PV model based on the solar 

irradiance.  

As stated earlier in this paper, the four (4) Microgrids, 

each consisting of a Photovoltaic (PV), Wind Turbine(WT), 

and Battery Energy Storage System, were integrated into a 

34-bus network at buses 3, 10, 22, and 30 respectively. The 

results of how each microgrid-distributed generators (DGs) 

dispatches Power dispatch in the various grid-connected 

Microgrids are shown in Figures 7, 8, 9, and 10.  In evaluating 

system performance based on the dispatching of the above-

mentioned energy sources, some operational conditions 

scenarios were considered:  

• When enough power is available, total power generation 

(PMG) should be equal to system load demand power 

(PLD).  

• Under conditions of excess power, the power generated 

(PMG) is more than the system load demand power (PLD) 

connected in the network. 

•  During shortage power circumstances, total power 

generation (PMG) is lower than load demand power (PLD) 

realized in the system. 

 

The main power considered in this paper is the power 

generated by the Wind Turbine(WT) since the PV power 

depends mostly on sunlight; therefore, the ANFIS controller 

was used to dispatch available power sources based on the 

load demand power (PLD) connected in the network.  

 

As can be seen from all the Microgrids results presented 

in Figures 7, 8, 9, and 10, the grid power and battery storage 

power are shared during the peak demand period of the day, 

that is, the hours of 06:00 to 10:00h and 18:00h to 20:00h 

with the grid supplies maximum power of 2.5MW while the 

battery supplies between 1MW to 1.5MW power in 

Microgrid one (1). In Microgrids one and four, the PV plants 

supply 0.25MWp power between the hours of 10:00h to 

17:00h, using the MPPT control technique in harvesting the 

maximum available solar irradiation to produce the necessary 

power required as indicated in Figures 7 and 10, but the PV 

plants in Microgrids two and three starts generating power at 

the 09:00h of about 0.04MWp until the hours of 10:00h to 

16:00h where maximum power of those plants was recorded 

to be 0.12MWp and 0.25MWp respectively.  

 

The proposed  ANFIS controller was utilized to manage 

pitch angle by adjusting the blade angles to keep the 

rotational speed of the wind turbines within the ideal range, 

hence maintaining optimal speed for the wind turbines and 

ensuring continual power output of 4MW throughout the day 

since there are no fuel input costs and also pollution free.  The 

batteries in Microgrid two and three could supply power of 

4000kW during peak demands, as shown in Figures 8 and 9. 

For the battery to store energy, the excess power generated is 

therefore stored in the respective available battery storage 

systems.  

 

In this study, excess power detected in any of the 

Microgrid with low storage capacity, with the aid of the 

ANFIS controller, that amount of power detected is sent to 

another Microgrid that has enough storage capacity, and that 

power is therefore stored for use during peak power demands 

without losing it. In Microgrids one and four, power from the 

radial distribution network(RDN) was realized from the wind 

turbines of approximately 1.4MW, which were stored 

between the hours of 00:00h to 06:00h before the grid power 

started to supply power where the storage power increases to 

about 1.5MW and 2MW respectively during the peak hours 

after the grid starting supplying power. However, between 

the hours of 00:00h to 06:00h, 10:00h and 17:00h, and 20:00h 

upwards, even when the PV plants supplied power during 

10:00h and 17:00h, a constant power of 1.2MW was 

maintained.  

 

In addition, with the battery storage systems in 

Microgrids two and three, there was 1.2MW of power that 

was supplied to these storage systems when only the wind 

turbines (WT) were supplying power between the hours of 

00:00h and 06:00h before the grid started supplying. The 

excess power from these sources was sent to the two storage 

systems, and a 2MW power was realized. This 2MW power 

was constantly maintained even though the PV plants 

supplied power. This was achieved because of the use of the 

proposed ANFIS controller, which was used to control the 

charging and discharging of the batteries that were used in 

this work, as well as ensure the sharing of power among the 

multiple grid-connected microgrids in the modified 34-bus 

radial distribution network as shown in Figure 4.  

 
Fig. 6 Proposed solar irradiance 
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Fig. 7 Grid-connected Microgrid 1 Power dispatch Fig. 8 Grid-connected Microgrid 2 Power dispatch 
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Fig. 9 Grid-connected microgrid 3 power dispatch Fig. 10 Grid-connected microgrid 4 power dispatch 
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Fig. 11 Power to critical and non-critical load 

 
Fig. 12 Non-Critical and critical load power 

It must be emphasized that, during the simulation, all the 

system loads were connected to evaluate the optimal power 

sharing in the proposed 34-bus radial distribution network. 

As mentioned earlier in Section 2.5, 16 load points were 

considered in this paper. These loads are classified into non-

critical loads and critical loads. The ANFIS controller was 

used to manage the energy available and share based on the 

load demand on the system. The power to the various loads 

was mostly considered during peak hours of the day to meet 

the necessary power demand. Figure 11 shows how power 

was shared with critical and non-critical loads at buses 30 and 

23 in the system during the peak hours of the day. It was 

realized that 5MW and 2MW power were supplied to critical 

and non-critical, respectively. Figure 12 also shows the 

power flow to other Non-Critical and Critical Loads, 

indicating that the controller can supply adequate power to 

the above-mentioned loads based on demand. 

3.1. Comparison of Proposed Work and Existing 

Researches 

In this paper, the coordination of power dispatch of 

multiple grid-connected Microgrids in a 34-bus network 

successfully enhanced the optimal distribution network 

operation as proposed. The proposed ANFIS controller works 

effectively in controlling and dispatching available energy 

sources based on increased or decreased load demand to 

enhance reliable power supply. The results of the multiple 

microgrids power-sharing using the proposed controller are 

presented in Figs. 7, 8, 9, and 10 and discussed in section 3 

of this paper. The result reveals that the proposed method 

outperformed some works identified in the literature in that 

signals generated are clear with few or no signal spikes 

compared to results presented in Figure 13 of work done in 

[16], [32]. In other research works, where authors consider 

load switching and coordinating power management of 

subgrids in a Multi-Renewable AC-DC Microgrid, the results 

obtained were presented in Figures 13 and 14 in references  

[15], [16]  considering the power of wind, DC side power 

flow into AC side and the output of battery in grid-connected 

mode. Other research also presented a new paradigm for 

energy scheduling for the efficient and effective operation of 

isolated and grid-connected microgrids, which was carried 

out in [5]. The results are shown in Figure 15 of  [5] based on 

hourly optimal expected loads for grid-connected MG under 

DR. With these few comparisons of existing research as 

compared with the result presented in this proposed work; it 

is clear that the proposed technology of power sharing in this 

manuscript outperform the works found in literature 

confirming that real-time implementation of this technology 

will go a long way to mitigate wastage of excess power 

generated with multiple microgrids thereby enhancing 

reliable power supply in radial distribution networks.   

 
Fig. 13 Power in grid-connected mode[16] 

 
Fig. 14 AC Subgrid power balancing [15] 

 
Fig. 15 Hourly expected loads for grid-connected MG under DR [5] 
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4. Conclusion  
This article presents the coordination of multiple grid-

connected Microgrids in a 34-bus Radial Distribution 

Network (RDN) with four Microgrids, each consisting of a 

Photovoltaic (PV) plant, Wind Turbine (WT) generator, and 

Battery Energy Storage System (BESS) using a lithium 

battery for power saving. ANFIS controller is implemented 

for organizing the battery charging and discharging and also 

controlling the dispatch of the various energy sources 

depending on load demand during the day. Design, modeling, 

simulation, and data training were done using 

MATLAB/SIMULINK software. This paper solves the 

problem of the challenge faced in dispatching multiple 

Microgrids with renewable energy sources integrated into 

distribution networks and enhances optimal power supply to 

customers. Implementing an adaptive control system capable 

of transferring excess power from one microgrid with 

insufficient storage capacity to another microgrid with 

adequate storage capacity was successful. MPPT controller 

was used to harvest the available PV model power. The 

proposed system operates in both grid-connected mode and 

Islanded mode. Uncertainty of temperature on the PV model 

was considered during the simulation with solar irradiance 

signal built using a signal builder. It is found that the 

proposed technology succeeds in coordinating multiple grid-

connected microgrid power sources and was effective in 

power dispatch using ANFIS controller for optimum usage of 

power generated and distributed. 

Funding Statement 
This work was funded by the Pan Africa University 

(PAU). 

Acknowledgments 
The authors are grateful to the Pan African University 

Institute for Basic Sciences, Technology and Innovation 

(PAUSTI) for their support. 

 

References  
[1] Mlungisi Ntombela, Kabeya Musasa, and Moketjema Clarence Leoaneka, “Power Loss Minimization and Voltage Profile Improvement 

by System Reconfiguration, DG Sizing, and Placement,” Computation, vol. 10, no. 10, pp. 1-24, 2022. [CrossRef] [Google Scholar] 

[Publisher Link]  

[2] N. Sridhar, and M. Kowsalya, “Enhancement of Power Management in Micro Grid System using Adaptive ALO Technique,” Journal of 

Ambient Intelligence and Humanized Computing, vol. 12, no. 2, pp. 2163–2182, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Mahmoud Zadehbagheri et al., “Adaptive Droop Control Strategy for Load Sharing in Hybrid Micro Grids,” International Journal of 

Robotics and Control Systems, vol. 3, no. 1, pp. 74–83, 2023. [CrossRef] [Google Scholar] [Publisher Link]  

[4] Xiaowen Xing, Lili Xie, and Hongmin Meng, “Cooperative Energy Management Optimization based on Distributed MPC in Grid-

Connected Microgrids Community,” International Journal of Electrical Power & Energy Systems, vol. 107, pp. 186–199, 2019. 

[CrossRef] [Google Scholar] [Publisher Link]  

[5] Arslan Ahmad Bashir et al., “A Novel Energy Scheduling Framework for Reliable and Economic Operation of Islanded and Grid-

Connected Microgrids,” Electric Power Systems Research, vol. 171, pp. 85-96, 2019. [CrossRef] [Google Scholar] [Publisher Link]  

[6] Pan Wu et al., “A Multi-Layer Coordinated Control Scheme to Improve the Operation Friendliness of Grid-Connected Multiple 

Microgrids,” Energies, vol. 12, no. 2, pp. 1-21, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Karthikumar Kuppusamy et al., “An SOA-RBFNN Approach for the System Modelling of Optimal Energy Management in Grid-

Connected Smart Grid System,” Artificial Intelligence Review, vol. 56, pp. 4171-4196, 2022. [CrossRef] [Google Scholar] [Publisher 

Link]  

[8] G.N. Madhu, and Deepa B. Bijjur, “Grid Integration using ANFIS for Hybrid DG and Storage Units to Control and Manage Power,” 

International Journal for Research in Applied Science & Engineering Technology, vol. 9, no. 10, pp. 782–791, 2021. [CrossRef] [Google 

Scholar] [Publisher Link] 

[9] T. Narasimha Prasad et al., “Power Management in Hybrid ANFIS PID Based AC–DC Microgrids with EHO Based Cost Optimized 

Droop Control Strategy,” Energy Reports, vol. 8, pp. 15081–15094, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Rupam Bhaduri, G. Rahul Saravana, and C. Vaskar, “Supervisory Controller for Power Management of Microgrid Using Hybrid 

Technique,” Transactions on Electrical and Electronic Materials, vol. 21, no. 1, pp. 30–47, 2020. [CrossRef] [Google Scholar] [Publisher 

Link]  

[11] Mohamed Khaleel et al., “Enhancing Microgrid Performance through Hybrid Energy Storage System Integration : ANFIS and GA 

Approaches,” International Journal of Electrical Engineering and Sustainability, vol. 1, no. 2, pp. 38–48, 2023. [Google Scholar] 

[Publisher Link] 

[12] R. Pavan Kumar Naidu, and S. Meikandasivam, “Power Quality Enhancement in a Grid-Connected Hybrid System with Coordinated PQ 

Theory & Fractional Order PID Controller in DPFC,” Sustainable Energy, Grids and Networks, vol. 21, 2020. [CrossRef] [Google 

Scholar] [Publisher Link] 

[13] B. Srikanth Goud et al., “Power Quality Improvement using Distributed Power Flow Controller with Bwo-Based Fopid Controller,” 

Sustainability, vol. 13, no. 20, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.3390/computation10100180
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+Loss+Minimization+and+Voltage+Profile+Improvement+by+System+Reconfiguration%2C+DG+Sizing%2C+and+Placement&btnG=
https://www.mdpi.com/2079-3197/10/10/180
https://doi.org/10.1007/s12652-020-02313-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancement+of+power+management+in+micro+grid+system+using+adaptive+ALO+technique&btnG=
https://link.springer.com/article/10.1007/s12652-020-02313-3
https://doi.org/10.31763/ijrcs.v3i1.838
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adaptive+Droop+Control+Strategy+for+Load+Sharing+in+Hybrid+Micro+Grids&btnG=
https://pubs2.ascee.org/index.php/IJRCS/article/view/838
https://doi.org/10.1016/j.ijepes.2018.11.027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cooperative+energy+management+optimization+based+on+distributed+MPC+in+grid-connected+microgrids+community&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0142061518325997
https://doi.org/10.1016/j.epsr.2019.02.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+novel+energy+scheduling+framework+for+reliable+and+economic+operation+of+islanded+and+grid-connected+microgrids&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0378779619300665
https://doi.org/10.3390/en12020255
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+multi-layer+coordinated+control+scheme+to+improve+the+operation+friendliness+of+grid-connected+multiple+microgrids&btnG=
https://www.mdpi.com/1996-1073/12/2/255
https://doi.org/10.1007/s10462-022-10261-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+SOA-RBFNN+approach+for+the+system+modelling+of+optimal+energy+management+in+grid-connected+smart+grid+system&btnG=
https://link.springer.com/article/10.1007/s10462-022-10261-x
https://link.springer.com/article/10.1007/s10462-022-10261-x
https://doi.org/10.22214/ijraset.2021.38497
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grid+Integration+using+ANFIS+for+Hybrid+DG+and+Storage+Units+to+Control+and+Manage+Power&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grid+Integration+using+ANFIS+for+Hybrid+DG+and+Storage+Units+to+Control+and+Manage+Power&btnG=
https://www.ijraset.com/fileserve.php?FID=38497
https://doi.org/10.1016/j.egyr.2022.11.014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+management+in+hybrid+ANFIS+PID+based+AC%E2%80%93DC+microgrids+with+EHO+based+cost+optimized+droop+control+strategy&btnG=
https://www.sciencedirect.com/science/article/pii/S2352484722024003
https://doi.org/10.1007/s42341-019-00152-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Supervisory+Controller+for+Power+Management+of+Microgrid+Using+Hybrid+Technique&btnG=
https://link.springer.com/article/10.1007/s42341-019-00152-4
https://link.springer.com/article/10.1007/s42341-019-00152-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancing+Microgrid+Performance+through+Hybrid+Energy+Storage+System+Integration%E2%80%AF%3A+ANFIS+and+GA+Approaches&btnG=
https://ijees.org/index.php/ijees/article/view/34
https://doi.org/10.1016/j.segan.2020.100317
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+quality+enhancement+in+a+grid-connected+hybrid+system+with+coordinated+PQ+theory+%26+fractional+order+PID+controller+in+DPFC&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+quality+enhancement+in+a+grid-connected+hybrid+system+with+coordinated+PQ+theory+%26+fractional+order+PID+controller+in+DPFC&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352467719306150
https://doi.org/10.3390/su132011194
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+quality+improvement+using+distributed+power+flow+controller+with+bwo-based+fopid+controller&btnG=
https://www.mdpi.com/2071-1050/13/20/11194


Ebenezer Narh Odonkor et al. / IJETT, 71(12), 119-132, 2023 

 

131 

[14] Saeed Mahdavian Rostami, and Mohsen Hamzeh, “Reactive Power Management of PV Systems by Distributed Cooperative Control in 

Low Voltage Distribution Networks,” 29th Iranian Conference on Electrical Engineering, pp. 412–417, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[15] Pramod Bhat Nempu, and N.S. Jayalakshmi, “Coordinated Power Management of the Subgrids in a Hybrid AC–DC Microgrid with 

Multiple Renewable Sources,” IETE Journal of Research, vol. 68, no. 4, pp. 2790–2800, 2022. [CrossRef] [Google Scholar] [Publisher 

Link] 

[16] B. Liang et al., “Coordination Control of Hybrid AC/DC Microgrid,” The Journal of Engineering, vol. 2019, no. 16, pp. 3264–3269, 2019. 

[CrossRef] [Google Scholar] [Publisher Link]  

[17] Siddaraj Siddaraj et al., “Coordinated PSO-ANFIS-Based 2 MPPT Control of Microgrid with Solar Photovoltaic and Battery Energy 

Storage System,” Journal of Sensor and Actuator Networks, vol. 12, no. 3, pp. 1-20, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[18] Augusto M.S. Alonso et al., “Current-Based Coordination of Distributed Energy Resources in a Grid-Connected Low-Voltage Microgrid: 

An Experimental Validation of Adverse Operational Scenarios,” Energies, vol. 15, no. 17, pp. 1-26, 2022. [CrossRef] [Google Scholar] 

[Publisher Link] 

[19] J. Preetha Roselyn et al., “Intelligent Coordinated Control for Improved Voltage and Frequency Regulation with Smooth Switchover 

Operation in LV Microgrid,” Sustainable Energy, Grids and Networks, vol. 22, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Kallol Roy, Kamal Krishna Mandal, and Atis Chandra Mandal, “Smart Energy Management for Optimal Economic Operation in Grid-

Connected Hybrid Power System,” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 2021. [CrossRef] [Google 

Scholar] [Publisher Link]  

[21] Kallol Roy, Kamal Krishna Mandal, and Atis Chandra Mandal, “Energy Management System of Microgrids in Grid-Tied Mode: A Hybrid 

Approach,” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 2021. [CrossRef] [Google Scholar] [Publisher 

Link]  

[22] Thi Minh Chau Le et al., “Optimal Power Flow Solutions to Power Systems with Wind Energy using a Highly Effective Meta-Heuristic 

Algorithm,” International Journal of Renewable Energy Development, vol. 12, no. 3, pp. 467–477, 2023. [CrossRef] [Google Scholar] 

[Publisher Link] 

[23] Bilal Naji Alhasnawi, and Basil H. Jasim, “A New Coordinated Control of Hybrid Microgrids with Renewable Energy Resources Under 

Variable Loads and Generation Conditions,” Iraqi Journal for Electrical and Electronic Engineering, vol. 16, no. 2, pp. 1–20, 2020. 

[CrossRef] [Google Scholar] [Publisher Link] 

[24] Srinivas Singirikonda, and Y.P. Obulesu, “A Novel Approach using Adaptive Neuro Fuzzy Based Droop Control Standalone Microgrid 

in Presences of Multiple Sources,” International Journal of Renewable Energy Development, vol. 9, no. 1, pp. 43–51, 2020. [CrossRef] 

[Google Scholar] [Publisher Link] 

[25] Ila Rai et al., “Nonlinear Adaptive Controller Design to Stabilize Constant Power Loads connected-DC Microgrid using Disturbance 

Accommodation Technique,” Electrical Engineering, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[26] P. Naga Lakshmi, R. Ashok Kumar, and K. Hari Krishna, “ANFIS-GA Based Hybrid Control Method for Enhancement of DC Micro 

Grids Using Electric Spring,” Mathematical Statistician and Engineering Applications, vol. 71, no. 4, pp. 4794–4813, 2022. [CrossRef] 

[Google Scholar] [Publisher Link] 

[27] Linus A. Alo et al., “Modeling and Control of a Photovoltaic-Wind Hybrid Microgrid System using GA-ANFIS,” Heliyon, vol. 9, no. 4, 

2023. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Vallem V.V.S.N. Murty, and Ashwani Kumar, “Optimal Energy Management and Techno-Economic Analysis in Microgrid with Hybrid 

Renewable Energy Sources,” Journal of Modern Power Systems and Clean Energy, vol. 8, no. 5, pp. 929–940, 2020. [CrossRef] [Google 

Scholar] [Publisher Link]  

[29] S.N.V. Bramareswara Rao et al., “An Adaptive Neuro-Fuzzy Control Strategy for Improved Power Quality in Multi-Microgrid Clusters,” 

IEEE Access, vol. 10, pp. 128007–128021, 2022. [CrossRef] [Google Scholar] [Publisher Link]  

[30] Mohammad Amir et al., “Intelligent Energy Management Scheme-Based Coordinated Control For Reducing Peak Load In Grid-Connected 

Photovoltaic-Powered Electric Vehicle Charging Stations,” IET Generation, Transmission and Distribution, pp. 1–18, 2022. [CrossRef] 

[Google Scholar] [Publisher Link] 

[31] Sandesh Paudel et al., “Performance Analysis of Adaptive Neuro Fuzzy System to Control Power Flow in Islanded Microgrid,” Journal 

of Engineering and Sciences, vol. 1, 2022. [Google Scholar] [Publisher Link] 

[32] Mohamed M. Ismail, and Ahmed F. Bendary, “Smart Battery Controller using ANFIS for Three Phase Grid Connected PV Array System,” 

Mathematics and Computers in Simulation, vol. 167, pp. 104–118, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[33] A. Maruf Aminu, “A Multivariable Fuzzy Rule-Based Relay for Short Circuits in AC Micro-Grids,” Indian Journal of Science and 

Technology, vol. 11, no. 23, pp. 1–13, 2018. [CrossRef] [Google Scholar] [Publisher Link]  

[34] Hesham M. Fekry et al., “Power Management Strategy Based on Adaptive Neuro Fuzzy Inference System for AC Microgrid,” IEEE 

Access, vol. 8, pp. 192087–192100, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.1109/ICEE52715.2021.9544330
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reactive+power+management+of+PV+systems+by+distributed+cooperative+control+in+low+voltage+distribution+networks&btnG=
https://ieeexplore.ieee.org/abstract/document/9544330/
https://doi.org/10.1080/03772063.2020.1726829
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coordinated+Power+Management+of+the+Subgrids+in+a+Hybrid+AC%E2%80%93DC+Microgrid+with+Multiple+Renewable+Sources&btnG=
https://www.tandfonline.com/doi/abs/10.1080/03772063.2020.1726829
https://www.tandfonline.com/doi/abs/10.1080/03772063.2020.1726829
https://doi.org/10.1049/joe.2018.8505
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coordination+Control+of+Hybrid+AC%2FDC+Microgrid&btnG=
https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/joe.2018.8505
https://doi.org/10.3390/jsan12030045
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coordinated+PSO-ANFIS-Based+2+MPPT+Control+of+Microgrid+with+Solar+Photovoltaic+and+Battery+Energy+Storage+System&btnG=
https://www.mdpi.com/2224-2708/12/3/45
https://doi.org/10.3390/en15176407
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Current-Based+Coordination+of+Distributed+Energy+Resources+in+a+Grid-Connected+Low-Voltage+Microgrid%3A+An+Experimental+Validation+of+Adverse+Operational+Scenarios&btnG=
https://www.mdpi.com/1996-1073/15/17/6407
https://doi.org/10.1016/j.segan.2020.100356
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Intelligent+coordinated+control+for+improved+voltage+and+frequency+regulation+with+smooth+switchover+operation+in+LV+microgrid&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S235246772030062X
https://doi.org/10.1080/15567036.2021.1961945
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smart+energy+management+for+optimal+economic+operation+in+grid-connected+hybrid+power+system&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smart+energy+management+for+optimal+economic+operation+in+grid-connected+hybrid+power+system&btnG=
https://www.tandfonline.com/doi/full/10.1080/15567036.2021.1961945
https://doi.org/10.1080/15567036.2021.2002479
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Energy+management+system+of+microgrids+in+grid-tied+mode%3A+A+hybrid+approach&btnG=
https://www.tandfonline.com/doi/full/10.1080/15567036.2021.2002479
https://www.tandfonline.com/doi/full/10.1080/15567036.2021.2002479
https://doi.org/10.14710/ijred.2023.51375
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimal+power+flow+solutions+to+power+systems+with+wind+energy+using+a+highly+effective+meta-heuristic+algorithm&btnG=
https://ejournal.undip.ac.id/index.php/ijred/article/view/51375
https://doi.org/10.37917/ijeee.16.2.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+New+Coordinated+Control+of+Hybrid+Microgrids+with+Renewable+Energy+Resources+Under+Variable+Loads+and+Generation+Conditions&btnG=
https://ijeee.edu.iq/Papers/Vol16-Issue2/1570641855.pdf
https://doi.org/10.14710/ijred.9.1.43-51
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+novel+approach+using+adaptive+neuro+fuzzy+based+droop+control+standalone+microgrid+in+presences+of+multiple+sources&btnG=
https://ejournal.undip.ac.id/index.php/ijred/article/view/16041
https://doi.org/10.1007/s00202-023-01982-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nonlinear+Adaptive+Controller+Design+to+Stabilize+Constant+Power+Loads+connected-DC+Microgrid+using+Disturbance+Accommodation+Technique&btnG=
https://link.springer.com/article/10.1007/s00202-023-01982-5
https://doi.org/10.17762/msea.v71i4.1077
https://scholar.google.com/scholar?q=ANFIS-GA+Based+Hybrid+Control+Method+for+Enhancement+of+DC+Micro+Grids+Using+Electric+Spring&hl=en&as_sdt=0,5
https://www.philstat.org/index.php/MSEA/article/view/1077
https://doi.org/10.1016/j.heliyon.2023.e14678
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modeling+and+control+of+a+photovoltaic-wind+hybrid+microgrid+system+using+GA-ANFIS&btnG=
https://www.cell.com/heliyon/fulltext/S2405-8440(23)01885-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844023018856%3Fshowall%3Dtrue
https://doi.org/10.35833/MPCE.2020.000273
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimal+energy+management+and+techno-economic+analysis+in+microgrid+with+hybrid+renewable+energy+sources&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimal+energy+management+and+techno-economic+analysis+in+microgrid+with+hybrid+renewable+energy+sources&btnG=
https://ieeexplore.ieee.org/abstract/document/9198222
https://doi.org/10.1109/ACCESS.2022.3226670
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+Adaptive+Neuro-Fuzzy+Control+Strategy+for+Improved+Power+Quality+in+Multi-Microgrid+Clusters&btnG=
https://ieeexplore.ieee.org/abstract/document/9969615
https://doi.org/10.1049/gtd2.12772
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Intelligent+energy+management+scheme-based+coordinated+control+for+reducing+peak+load+in+grid-connected+photovoltaic-powered+electric+vehicle+charging+stations&btnG=
https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/gtd2.12772
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Performance+Analysis+of+Adaptive+Neuro+Fuzzy+System+to+Control+Power+Flow+in+Islanded+Microgrid&btnG=
https://journal.ioepas.edu.np/wp-content/uploads/2022/11/0106_JES-22-EL0005.pdf
https://doi.org/10.1016/j.matcom.2018.04.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smart+battery+controller+using+ANFIS+for+three+phase+grid+connected+PV+array+system&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0378475418300946
https://doi.org/10.17485/ijst/2018/v11i23/118635
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Multivariable+Fuzzy+Rule-Based+Relay+for+Short+Circuits+in+AC+Micro-grids&btnG=
https://indjst.org/articles/a-multivariable-fuzzy-rule-based-relay-for-short-circuits-in-ac-micro-grids
https://doi.org/10.1109/ACCESS.2020.3032705
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+management+strategy+based+on+adaptive+neuro+fuzzy+inference+system+for+AC+microgrid&btnG=
https://ieeexplore.ieee.org/document/9234400


Ebenezer Narh Odonkor et al. / IJETT, 71(12), 119-132, 2023 

 

132 

[35] Zeeshan Ahmad Arfeen et al., “Control of Distributed Generation Systems for Microgrid Applications: A Technological Review,” 

International Transactions on Electrical Energy System, vol. 29, no. 9, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[36] Shalaka Chaphekar, and Anjali Dharme, “Impact of Microgrid Operation on Performance of Radial Distribution System,” Sadhana, vol. 

44, no. 10, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.1002/2050-7038.12072
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Control+of+distributed+generation+systems+for+microgrid+applications%3A+A+technological+review&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1002/2050-7038.12072
https://doi.org/10.1007/s12046-019-1198-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impact+of+microgrid+operation+on+performance+of+radial+distribution+system&btnG=
https://link.springer.com/article/10.1007/s12046-019-1198-6

