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Abstract

In this study, a new economic operation scheme for AC, DC, and hybrid microgrids is proposed using a variable cost-
based droop control.  The proposed scheme integrates the cost function of the distributed generating units into the 
primary control level and adjusts the resultant droop characteristics to obtain the secondary control level, thereby 
eliminating the need for a tertiary control layer.  Moreover, a novel DC-normalized cost-based droop is introduced to 
overcome the voltage drop caused by DC line impedance and to fulfill the economic operation requirements for the 
DC subgrid.  The proposed scheme retains the simplicity and decentralized nature of conventional droop control.  The 
proposed technique employs the Walrus Optimization Algorithm (WaOA) to optimize the resultant droop and is tested 
on a modified IEEE-38 bus hybrid microgrid to demonstrate the performance of the proposed scheme.
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I.	 Introduction

In the last few decades, fossil fuel depletion, in 
conjunction with increasing demand for electrical 
energy, has led to the growth of renewable energy 
technologies [1].  Renewable energy sources (RES) 
offer clean and sustainable energy.  However, 
replacing traditional energy sources with renewable 
ones is considered a challenge because of their 
intermittent and unpredictable nature [2].

Integrating RES into the power system raises some 
issues for system controllability and stability [3], 
[4], which highlights the microgrid as a solution 
to facilitate the integration of RESs into the power 
system and increase energy efficiency and reliability.  
A microgrid is defined as a localized group of 
interconnected loads and sources that function 
as a single controllable unit and can operate in 
synchronization with the main grid to permit energy 
exchange or can operate autonomously according to 
system operation requirements and conditions.  [5], 
[6].  Microgrids are mainly classified into three types: 
AC, DC, and hybrid microgrids.  In the AC microgrid 
(ACMG), the whole microgrid is connected to the 
main grid by an isolation switch, and all AC power 
sources are connected directly to the microgrid, 

while the DC power sources are connected through 
a DC/AC converter.  In the DC microgrid (DCMG), 
the whole microgrid is connected to the main grid 
by an AC/DC bidirectional converter, and power 
sources with DC outputs are coupled to the DC bus 
directly or via DC/DC converters.  Meanwhile, AC/
DC converters are used to connect power sources 
with AC output to the DC bus.  The hybrid microgrid 
(HMG) merges the AC and DC microgrids using a 
bidirectional interlinking converter (IC), and the 
whole microgrid is connected to the main grid by an 
isolation switch from the ACMG side.  Unlike AC and 
DC microgrids, HMGs support multiple operating 
modes.  HMG can operate in synchronization with 
the main grid or with the ACMG only while the 
DCMG is isolated.  In the same manner, the AC 
and DC microgrids can operate isolated together or 
apart.  The combination of AC and DC microgrids 
into a single hybrid microgrid is introduced in [7], 
[8].  The foremost benefit of the HMG is having AC 
and DC common buses, which reduces the required 
converters and minimizes harmonics as all sources 
and loads are connected to their relevant bus type, 
which results in lower investment costs, lower 
switching losses, lower synchronization issues, and 
better control [9], [10].  The typical structure of a 
hybrid microgrid is shown in Fig. 1 [11]. 
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Microgrids have three main control strategies: 
centralized, distributed, and decentralized control 
based on the degree of data exchange between 
involved generation units [12].  Centralized control 
requires an intricate communication structure and 
synchronized time frame, while distributed control 
depends on local controllers with local information 
exchange with adjacent units.  In decentralized 
control, units can function independently with 
minimal data exchange utilizing three-level 
hierarchal control: primary, secondary, and tertiary 
[13].

Figure 2 outlines the function and response time 
for each control level.  Harmonization of AC and 
DC microgrids to operate as a unified controllable 
unit and achieve optimal performance is a critical 
concern for the HMG’s control approach.

Different control strategies and objectives have 
been used for HMGs to implement economic 
operations.  Loh et al. (2013) and  Eajal et al. (2016) 
conducted the interfacing between AC and DC 
subgrids by transferring the AC frequency and 
the DC voltage to a common frame to permit 
active power exchange [14], [15].  Sun et al. (2020) 
proposed an energy management system for hybrid 
microgrids to minimize the operating cost based on 
day-ahead forecasting of served load using real-time 
data communication for the neural networks model 
scheduling.  The operating costs include fuel cell, 
battery, and converter operating and maintenance 
[16].  Abdul-Hamid et al. (2020) utilized the 
Equilibrium Optimizer Algorithm (EOA) to perform 
an optimal power flow (OPF) for the economic-
technical and 

Figure 1: Typical structure of the hybrid microgrid [11].

Figure 2: Decentralized hierarchical control levels of               
a microgrid.

Environmental operation of hybrid microgrids 
by minimizing the generation cost and emissions 
along with minimizing the power losses and voltage 
deviation [17].  An economic operation control 
strategy is proposed by Yang et al. (2020) for hybrid 
microgrids based on equal incremental cost for AC 
and DC microgrids using normalized frequency/DC 
voltage cost-based droop.  However, this approach 
neglected DC bus voltage deviations caused by DC 
line impedance.  This led to inaccurate DC subgrid 
generation costs and increased the communication 
burden to send DC bus voltages to all DGs to form the 
normalized frequency/DC voltage cost-based droop 
[18].  Li et al. (2023) and Salman et al. (2024) proposed 
a global economic operation strategy based on the 
local economic operation of AC and DC subgrids 
autonomously, then equalizing the incremental 
cost for AC and DC subgrids.  Parallel interlinking 
converters are considered, but RES is excluded from 
the economic operation and treated as a constant 
output.  To ensure equal incremental cost among the 
AC and the DC subgrids, an economic interaction 
control is required at the interlinking converters 
to adjust the power flow through the converters 
with further communication between converters.  
Moreover, additional control for DGs in DCMG is 
required to eliminate the error of voltage deviation 
caused by line impedance to maintain equal 
incremental cost [19], [20].  A globally distributed 
economic operation is proposed by Yang et al. (2025) 
for multiple AC and DC microgrids.  Considering the 
low X/R ratio and the resistive nature of the lines in 
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low-voltage microgrids, the proposed control uses 
a P/V cost-based droop control for the AC and DC 
microgrids and a consensus algorithm to eliminate 
the error due to different line impedances to have a 
unified incremental cost among the microgrids [21].

The contributions of the proposed technique are 
summarized as follows:

•	 A variable AC cost-based droop is introduced 
as a decentralized control strategy for the 
isolated AC, DC, and hybrid microgrid that 
reduces the computation and communication 
burden.

•	 A novel normalized cost-based droop is 
introduced in the DC subgrid to perform an 
economic operation between the RES and 
overcome DC bus voltage deviation caused by 
DC line impedance.

•	 An optimal power routing scheme is proposed 

to control the resultant cost-based droop using 
the Walrus Optimization Algorithm (WaOA) to 
minimize the ACMG losses and ensure optimal 
routing of the active power transferred from 
the DCMG to ACMG.

The rest of the paper is organized as follows.  
The decentralized economic operation and 
mathematical formulation are introduced in Section 
2.  Section 3 defines the mathematical formulation 
of the optimization problem.  Section 4 explains the 
Walrus Optimization Algorithm (WaOA).  The test 
cases and results are discussed in Section 5.  Finally, 
the conclusion is given in Section 6.	

II.	 Decentralized economic 
operation strategy

To describe the proposed control technique, the 
isolated hybrid microgrid IEEE 38-bus system shown 
in Fig. 3 is considered. 

Figure 3: (a) IEEE 38-bus hybrid ac-dc system (b) DC microgrid sub-system.

A.	 AC microgrid (ACMG)

The cost-based droop presents the most basic 
economic operation technique for DGs by 
incorporating the cost function into the droop 
characteristics and maintaining equal incremental 
cost at all loading levels [22].  The cost function 
and incremental cost of the ith DG in the AC 
microgrid (ACMG) are given in Eqs. (1) and (2),                        

respectively [23].  In order to ensure the minimum 
cost in the ACMG, the conventional P-f droop is 
represented by Eqs. (3) and (4), which distributes the 
power among the DGs  according to their  ratings 
(i.e., ),  is replaced 
with a cost-based droop that primarily distributes 
the power according to the operating cost, as defined 
in Eqs. (5) and (6).  In the conventional droop, all DG 
units use identical droop characteristics, ensuring 
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equal power sharing among the units, while the cost-
based droop of each unit varies according to its cost 
coefficients, with more economical units assigned 
lower droop values and thus contributing more to 
power sharing.  The cost-based droop is illustrated 
in Fig. 4. 

                                            (1)

                                                 (2)

Where , and   are operating cost coefficients in 
$/kW2, $/kW and $ respectively. 

Figure 4: Proposed AC active power cost-based droop.

                                                                 (3)

                                                                  (4)

         (5)

                                (6)

Where 

: ACMG frequency.

: Maximum and minimum permissible 
frequency in ACMG.

 : AC active power droop gain of DG
i 
in ACMG.

 : AC active power cost-based droop gain of DG
i 

in ACMG.

 :  AC active power droop gain calibration 
constant.

 : Rated active power of DG
i 
in ACMG.

The reactive power output of DGi in the ACMG is 
linearly proportional to the bus voltage, as expressed 
in Eq. (7) and Eq. (8):

                                                              (7)

                                                                 (8)

 : The AC bus voltage of DG
i
.

 : Maximum and minimum permissible 
bus voltage in ACMG.

 : Reactive power droop gain of DG
i
 in ACMG.

 : Rated reactive power of DG
i 
in ACMG.

B.	 DC microgrid (DCMG)	

The conventional P-V droop of the DC units is 
identical, ensuring equal power sharing among the 
DGs in the DCMG.  However, unlike in the ACMG, 
active power in the DCMGs cannot be shared equally 
between units due to voltage deviations caused by 
the impedance of the DC lines.  To overcome this 
voltage deviation and ensure equal incremental 
cost, a normalized DC cost-based droop is employed.  
This droop control depends on a common voltage 
reference shared by the contributing units.  The 
conventional DC P-V droop is replaced by a cost-
based droop that distributes the power among 
the units according to their operating costs.  The 
proposed cost-based P-V droop is illustrated in Fig. 5.
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Figure 6: Proposed control strategy block diagram for the SG-based DGs.

Figure 5: Proposed DC active power cost-based droop.

The DGs in the DCMG are considered to be 
dispatchable renewable generation coupled with 
energy storage, and their operating cost can also be 
modeled as in Eq. (1) [24].  The conventional droop 
characteristics in Eqs. (9) and (10) are replaced by the 
cost-based droop defined in Eqs. (11) and (12), and 
the DGi bus voltage is replaced by the normalized 
voltage defined in Eq. (13):

                                                      (9)

                                                    (10)

   (11)

                                  (12)

                                                    (13)

where 

 : The DC bus voltage of DG
i 
in DCMG.

 : The normalized DC bus voltage.

 : Maximum and minimum DC 
bus voltage in DCMG.

 : DC active power droop gain of DG
i 
in DCMG. 

 : DC active power cost-based droop gain of DG
i 

in DCMG.

 : DC active power droop gain calibration 
constant.

 : Number of DGs in DCMG.

 : Rated active power of DG
i
 in DCMG.

The proposed control strategy block diagrams for 
the synchronous generator-based DGs and the RES-
based DGs are shown in Fig. 6 and Fig. 7, respectively.
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Figure 7: Proposed control strategy block diagram for the RES-based DGs.

C.	 Interlinking Converter (IC)

The IC is considered a passive gate that permits 
power to flow in both directions according to the 
generation in each subgrid.  In order to obtain the 
active power sharing between subgrids, the ACMG 
frequency and the DCMG IC’s bus voltage must 
be normalized to the same reference frame using 
Eq. (14) and Eq. (15) [25].  The IC is modeled in the 
ACMG as a constant active power load or generator 
depending on the power flow direction, while the 
power magnitude is obtained from the load flow in 
the DCMG.  The IC incorporates AC reactive power 
droop, as given in (7) and (8), to support the voltage.  
In the DCMG, the IC is modeled as a slack bus, and 
its voltage magnitude is obtained from the ACMG 
using Eq. (16).  

                                                           (14)

                                   (15)

                                                                       (16)

III.	 Mathematical formulation

A.	 Objective function

The optimization objective is to minimize the active 
power losses in the AC subgrid to further reduce 

the AC generation cost.  The objective function 
is expressed as shown in Eq. (17).  Using the active 
power losses in the ACMG as an objective function 
ensures the optimal routing of the active power 
transferred from the DCMG to the ACMG.  The flow 
chart of the proposed technique is shown in Fig. 8.

min 	                                (17)

where

 : Branch current of line i

 : Resistance of line i

, AC: Number of branch lines in ACMG

B.	 Constraints

•	 Power balance:

The power balance constraints ensure that the 
total generation is equal to the total demand plus 
losses for the entire hybrid microgrid, and they are 
represented as follows:

                               (18)

                                 (19)
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where

 : Number of DGs in ACMG

 : Total active and reactive load demand 
in ACMG

 : Total active power losses in ACMG

 : Number of DGs in DCMG

 : Total active load demand in DCMG

 : Total active power losses in DCMG

•	 AC microgrid:

The ACMG constraints include the operational 
limits of frequency, bus voltage, and DGs ratings, as 
given below:

                                                                           (20)

                                                       (21)

                             (22)

                            (23)

•	 AC load flow equations:

The  conventional load flow  equations are 
formulated as follows:

                           (24)

                        (25)

where

 : Active and reactive power generated 
at bus i in ACMG.

 : Active and reactive power demand at 
bus i in ACMG.

 : Active and reactive power of the IC at bus 
i.

 : Conductance and susceptance of branch 
between bus i and j.

•	 DC microgrid:

The DCMG constraints include the operation limits 
of the bus voltage and DGs ratings, as follows:

                                                        (26)

                                 (27)

•	 DC load flow equation:

The load flow equation for the DCMG is formulated 
as follows:

             (28)

where

 : Active power generated at bus i in DCMG.

 : Active power demand at bus i in DCMG.

 : Conductance of branch between bus i and j

•	 Interlinking convert:

Interlinking converter (IC) constraints are 
represented in the Active and reactive power limits 
of the converters as follows:

                                                   (29)

                                                    (30)
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Figure 8: Flow chart of the proposed technique.

IV.	 Walrus optimization algorithm 
(WaOA)

The WaOA is used as an optimization technique 
to control the resultant cost-based droop as a 
secondary control to minimize ACMG losses.  The 
WaOA originated from the behaviors of walruses.  
Walruses are considered one of the ocean’s largest 
mammals.  Walruses are sociable animals that live 
in herds.  Walruses migrate, reproduce, roost, feed, 
and escape in response to specific signals (danger 
and safety signals).  The WaOA has two main 
phases, and it switches between them according to 
the danger level: the exploration phase (migration) 
and the exploitation phase (reproduction).  During 
the exploration phase, when the danger signal is 
high, the walruses change their position to a safer 

area.  In the exploitation phase, when the danger 
signal is low, walruses begin to reproduce, roost, and 
feed [26].

A.	 Danger signals and safety signals

In each herd, there are one or more walrus guards 
(vigilantes) who monitor the surroundings, and 
danger alerts are quickly disseminated if any 
unforeseen conditions arise.  The danger and safety 
signals in WaOA are described as follows:

                                                                         (31)

                                                                            (32)

                                                                                      (33)

                                                                           (34)

                                                                              (35)

where 

 : Random variables between [0, 1]

 : The number of iterations.

 : The maximum number of iterations.

B.	 Migration

When danger signals become significantly high, 
walrus herds relocate to a more secure environment.  
During this phase, the walrus position is updated as 
given below:

                                          (36)

                          (37)

                                       (38)

where 

 : Random variable between [0, 1]

 : The new and current position for the ith 
walrus on the jth dimension

 : The current position of vigilantes.
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C.	  Reproduction

Conversely, walrus herds choose to reproduce in 
their current position when the danger signal is 
less than one.  Throughout the reproduction phase, 
the two main behaviors are onshore roosting and 
underwater foraging.

1.	 Roosting 
In this behavior, the position of population members 
(male, female, and juvenile) is updated.  The male 
position is randomly updated using a Halton 
sequence.  As iterations progress, the female walrus 
approaches the leader walrus, while juvenile 
walruses aim to mitigate predators near the outer 
layers of the population and head to the population’s 
interior, as shown in Fig. 9.  The female and juvenile 
positions are updated as follows:

       (39)                 

                             (40)

where

 : The new and current position for the ith 
male walrus on the jth dimension.

 : The new and current position for the ith 
female walrus on the jth dimension.

 : The new and current position for the ith 
juvenile walrus on the jth dimension

 : The current position of the leader walrus

 : Vector of random numbers based on L vy 
distribution.

 : Random number of (0, 1).

Figure 9: Distribution of walrus herd members in roosting phase [26].

2.	 Foraging behavior
Underwater foraging is further divided into two 
behaviors: fleeing and gathering.  The behavior 
selected depends on the level of the danger.  When 
the walruses are attacked by predators, they flee 
from their position.  Otherwise, walruses work 
together to forage and move according to the location 
of others in their population.  The position updates 
for fleeing and gathering behaviors are provided in 
Eq. (41) and Eq. (42).

                                 (41)

                               (42)

                                                                       
                                                                        (43)

                                                                                          (44)

where 

 : Random variables between [0, 1].

 : The current position of the second walrus in the 
population.

 : Random variables between [0, π].

These foraging behaviors, along with other walrus 
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actions, are modeled in the Walrus Optimization 
Algorithm (WaOA), which uses danger and safety 
signals to decide how the population evolves.  The 
integration of these behaviors into walrus optimizer 
procedure is detailed in the following section.

D.	 Walrus optimizer procedure

The danger signal in WaOA determines whether the 
algorithm executes the exploration or exploitation 

phase.  When the magnitude of the danger signal is 
greater than one, the herd moves to another solution 
domain.  In contrast, when the danger signal is less 
than one, the algorithm starts the exploitation 
phase.  The safety signal is important during the 
exploitation phase because it determines whether 
individual walruses will roost or forage.  Foraging 
behavior includes gathering and fleeing, depending 
on the level of danger signals.  The full process is 
illustrated in Fig. 10.

Figure 10: Flow chart of Walrus optimizer procedure [26].

V.	 Results and Discussions

The proposed approach was tested on the IEEE 38-
bus hybrid AC-DC system depicted in Fig. 3.  Table 1 
contains the DC system’s bus and line data, while the 
generators data of the AC system are given in Table 2, 
and the rest of the network data is given in [27].  The 
AC system’s base voltage is 12.66 kV, the DC system’s 
base voltage is 0.4 kV, and the hybrid system’s base 

MVA is 0.01.  The interlinking converter power 
(PIC) is positive when power is transferred from 
the AC subgrid to the DC subgrid side and negative 
otherwise.  The maximum allowable variance in 
voltage is ±0.05 p.u., and frequency is ±1 Hz.  It is 
important to note that all system equations and the 
optimization algorithm were formulated and solved 
within MATLAB using custom script files.
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Table 1:  Bus and line data for 8-bus DC system

Bus data Line data

Bus

no.

P
L

kW

P
G, max

kW

P
G, min

kW

d

$/kW2h

e

$/kWh

f

$/h

From To R(Ω)

1 10 1 2 0.1

2 1 3 0.2

3 15 2 0.003 0.0306 0.0015 2 4 0.05

4 15 2 0.0045 0.0409 0.0025 4 5 0.02

5 7.3 3 6 0.05

6 7.3 6 7 0.02

8 15 2 0.0019 0.0201 0.001 7 8 0.1

Table 2:  Generators data for 38-bus AC system

No. Bus

no.

P
max

kW

P
min

kW

Q

kVAR

d

$/kW2h

e

$/kWh

f

$/h

1 1 12 2 9 0.082 4.02 42

2 33 12 2 9 0.105 2.53 78

3 34 12 2 9 0.094 1.22 51

4 37 12 2 9 0.078 3.41 31

5 38 12 2 9 0.074 3.17 62

Interlinking converters

1 29 12 0 6

2 35 12 0 6

In order to validate the proposed technique, 
three study cases were considered:  In case (a), 
the normalized DC cost-based droop is applied to 
the isolated DC microgrid presented in Fig. 3 (b), 
following a fault in the AC microgrid or IC failure 
causing the DC microgrid to perform autonomously; 
the result is given in Table 3.  Compared with the 
conventional droop, the proposed approach reduces 
the total generation cost from 1.5048 $/h to 1.1337 
$/h by 24.66%. 

Table 3:  Test results for isolated 8-bus DC system case (a)

Quantity Before After

P
DG1

(kW) 7.84 6.687

P
DG2

(kW) 9.844 3.314

P
DG3

(kW) 7.064 13.322

λ
1
($/kwh) 0.0776 0.0707

λ
2
($/ kwh) 0.1295 0.0707

λ
3
($/ kwh) 0.0469 0.0707

Total Gen cost ($/h) 1.5048 1.1337

In case (b), the AC cost-based droop is applied to the 
isolated AC microgrid only, and the AC active power 
droop gain calibration constant is controlled to 
minimize the frequency deviation as in an isolated 
system with reduced generation, maintaining the 
system frequency takes precedence over minimizing 
the system losses.  The result is given in Table 4.  The 
proposed droop reduces the total generation cost 
from 396 $/h to 382.6 $/h.

Table 4:  Test results for isolated 38-bus AC system case (b)

Quantity Before After

f(Hz) 49.7496 50.0682

P
DG1

(kW) 7.502 2

P
DG2

(kW) 7.502 8.862

P
DG3

(kW) 7.502 12

P
DG4

(kW) 7.502 5.288

P
DG5

(kW) 7.502 8.25

λ
1
($/kwh) 5.2504 4.3909

λ
2
($/ kwh) 4.1055 4.3909
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λ
3
($/ kwh) 2.6305 4.3909

λ
4
($/kwh) 4.5804 4.3909

λ
5
($/kwh) 4.2804 4.3909

Total Gen cost ($/h) 396 382.6

In case (c), the proposed technique is applied on 
the whole hybrid AC-DC microgrid while the AC 
active power droop gain calibration constant and 
the DC droop gains are used as a control variable 
for the optimization problem given in Eq. (17).  It is 
worth mentioning that in hybrid operation mode, 
the RES is set to MPPT because their operation cost 
is considered negligible compared to traditional 
DGs.  The results of case (c) are listed in Table 5; the 
proposed technique lessens both the total generation 
cost from 448.2 $/h to 371.88 $/h by 17% and the AC 
active power losses from 0.608 kW to 0.424 kW by 
30%.  The direction of power flow through the ICs is 
reversed and goes from the DC microgrid to the AC 
microgrid.  The proposed control strategy reduces 
AC system losses, minimizes generation costs, and 
increases the utilization of RES. A comparison of 
generation costs before and after applying the 
proposed technique for study cases (a), (b), and (c) is 
illustrated in Fig. 11.

Figure 11:  Generation cost comparison of study cases (a), (b), 
and (c)

In order to validate the optimization technique 
performance, a comparison study is made between 
different optimization techniques on the same 
test system with identical configuration options 
and population sizes.  The compared optimization 
techniques include Genetic Algorithm (GA) [28], 
Whale Optimization Algorithm (WOA) [29], 
Coronavirus Herd Immunity Optimizer (CHIO) [30], 
and Dandelion Optimizer (DO) [31].  The comparison 
results are presented in Table 6.  The Walrus 
Optimization Algorithm (WaOA) outperformed the 
compared algorithms in both objective function and 
convergence.  

Table 5:  Test results for 38-bus hybrid AC-DC case (c)

Quantity Before After

AC microgrid f(Hz) 49.8136 49.5159

Pl
oss

(kW) 0.608 0.424

P
DG1

(kW) 9.887 2

P
DG2

(kW) 9.887 7.931

P
DG3

(kW) 9.887 12

P
DG4

(kW) 9.887 5.035

P
DG5

(kW) 9.887 6.929

λ
1
($/kwh) 5.6415 4.348

λ
2
($/ kwh) 4.6063 4.1954

λ
3
($/ kwh) 3.0788 3.476

λ
4
($/kwh) 4.9524 4.1954

λ
5
($/kwh) 4.6333 4.1954

Total Gen cost ($/h) 448.2 371.88

ICs P
IC

(kW) 5.84 5.84 -2.56 -1.12

DC microgrids DCMG1 DCMG2 DCMG1 DCMG2

P
DG1

(kW) 5.99 5.99 8.74 8.28

P
DG2

(kW) 7.29 7.29 10.69 10.05     

P
DG3

(kW) 5.59 5.59 7.93 7.57
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Table 6:  Comparison of optimization techniques applied to 
the IEEE 38-bus hybrid AC-DC system – case (c) test results

Quantity GA WOA CHIO DO WaOA

Pl
oss

(kW) 0.435 0.4244 0.43432 0.4246 0.424

iterations 30 8 50 12 5

VI.	 Conclusion

In this study, a decentralized control technique for 
isolated AC, DC, and hybrid microgrids is presented.  
The proposed control technique reduces AC active 
power losses while keeping AC generation costs low.  
The suggested control strategy aims to maximize 
the use of renewable energy sources while reducing 
dependence on traditional fuel-based DGs.  The 

proposed control approach is simple to develop and 
implement, and it eliminates the need for tertiary 
control by integrating the cost function into the 
primary control drop.  Moreover, the new cost-based 
droops are adjusted using the Walrus Optimization 
Algorithm (WaOA) to optimize the resultant cost-
based droop and ensure optimal routing of the 
active power transferred from the DCMG to ACMG 
by minimizing the ACMG active power losses.  
Furthermore, a novel normalized cost-based droop 
is introduced in the DC subgrid to perform economic 
operations among the RESs and overcome DC bus 
voltage deviation caused by DC line impedance.  
The decentralized nature of the suggested control 
technique, which is based on local measurements 
and controllers, improves response time and 
reliability while reducing system complexity and 
communication requirements.
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