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Multi Objective Slime Mould Algorithm
Based Energy Management in Hybrid
Micro Grid System

Abstract

Suravi Singhal, Parthasarathi Bera?

The effective operation of Micro-grid systems involves reconciling multiple conflicting
objectives, including cost minimization, renewable energy utilization maximization and
emissions reduction. This study proposes the application of recently developed Multi-
objective slime mould algorithm (MOSMA) to address the challenges for minimizing
cost and emission of a hybrid micro-grid system connected with utility grid. Further,
the results are compared with another optimization algorithm to show its efficiency,
economic viability, and environmental impact for green micro-grids.

Keywords: Micro grid, Renewable Energy Sources, Multi-objective slime Mould

Algorithm (MOSMA).

Introduction

Stochastic penetration of solar panel in residential
smart micro-grid is the challenge for energy
management and research focus on cost and
emission optimization. Simulation-based
optimization of a Photovoltaic and wind-based
hybrid energy conversion systems are performed in
[1,2] and the study focuses on optimizing system
components under different load and auxiliary
energy conditions to increase the efficiency of
the system. As reported by Elsied et al. [3], an
AC micro grid system based on green energy
sources are analysed, modelled and controlled
and in this work, the integration of renewable
energy into micro-grid systems are explored and

the importance of effective control strategies are
emphasized. As reported by Kumar et al. [4], a
comprehensive overview of the current state of
wind energy technology, challenges, and potential
solutions are presented with the objective of
consolidating knowledge on wind energy for
researchers and practitioners. A generic model of a
community-based micro-grid that integrates wind
turbines, photovoltaic (PV) systems, and Combined
Heat and Power generations are presented by
Ullah et al. [5] and in this work, the technical
and operational aspects of integrating multiple
distributed energy resources in a community
micro-grid are explored. Integrated renewable
energy based micro grid is optimized by Zheng
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et al. [6] and probabilistic energy management
approach for a renewable energy based micro-
grid is proposed by Niknam et al. [7]. Different
algorithms are proposed for energy management
in hybrid micro grid system in [8-11]. A fuzzy
approach for Micro Grid Energy Management
Strategy (MGEMS) is proposed for combined
heat and power systems [12-13]. In this work,
the challenges of managing energy in micro grids
that integrate both electricity and heat generation
is addressed. Robust energy management for
micro-grids with high-penetration of renewables
is addressed by Zhang et al. [14]. The integration
of distributed energy resources (DERs) from the
perspectives of control, protection, and stability in
micro grids is conducted by Basak et al. [15]. An
AC micro-grids and DC micro-grids with DERs is
compared by Justo et al. [16] and in this work,
the advantages, challenges, and applications of
both AC and DC micro-grid architectures are
also analysed. A comprehensive review of various
aspects of DERs, including renewable energy
sources, energy storage, and their integration
into micro-grids is provided by Shi et al. [17]. A
performance analysis of an integrated Combined
Heat and Power system with both thermal and
electric energy storage for residential applications
is conducted in [18-20]. An optimization of Fuel
Cell based power system is focused by Arsalis et
al. [21] and an extensive review of green energy
system based optimization methods are provided
by Montoya et al. [22]. The multi-objective
optimization using developmental algorithms
are focused for hybrid green energy systems
[23]. Multi-objective optimal operation of micro-
grids is proposed using stochastic programming
framework in [24]. In this work, the challenges of
operating micro-grids under uncertainty and aims
to optimize their performance considering multiple
objectives were addressed. An optimal micro-grid
operation management approach for micro-grids
using the Point Estimate Method and the Firefly
Algorithm is presented by Mohammadi et al. [25].

Multi objective slime mould algorithm
(MOSMA), a recently developed algorithm, is
incorporated by Premkumar et al. [26] with
Elitist Non-Dominated Sorting approach for
solving complex optimization problems. MOSMA
is applied for different optimization problems

successfully like optimal power flow etc in [27-30]
but it is not applied in the micro-grid systems.
In this work, MOSMA is applied for optimizing
the cost and emission in the microgrid energy
management system. In view of the above, in the
present work, following contributions are made.

e Various hybrid energy sources such as
photovoltaic (PV) generator, wind generator,
fuel cell (FC) and coal handling plant (CHP)
are integrated into a micro-grid.

e This hybrid micro-grid system is assumed to
be connected to the main utility grid so that
it can draw power from the utility grid when
its power generation is inadequate.

e MOSMA, a recently developed algorithm,
1s proposed to minimize cost and emission
while calculating the schedule power for 24
hours for both summer and winter seasons.

e The results are compared with the other
multi-objective optimization algorithms
like Multi-objective Grey Wolf Algorithm
(MOGWA) to show the effectiveness and
superiority of MOSMA.

Description of Micro grid Energy
Management System

In this work, a modern micro grid system is
considered which is the part of a distribution
system. This micro grid system is located at the
substation of a distribution system. The system
includes wind, PV, CHP and FC are connected
to the DC bus and the DC bus is connected
via DC/AC converter with the main grid via
grid transformer as shown in Fig. 1. The wind
and CHP are connected to DC bus via AC/DC
converter, PV and FC are connected to DC bus
via DC/DC converter. The load is connected via
load transformer at the junction point of main grid
and DC bus. This micro grid normally operates
at grid connected mode but the management of
micro grid system is to supply a portion of load
disconnected from main grid so as to provide
optimum emission and economic dispatch and
even run in islanded mode.

Methods of Micro grid Energy
Management System

This section introduces the micro-grid energy
management system (MGEMS) optimization
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Figure 1: MG network structure

model and the objective of proposed MGEMS is
to meet load demands while taking economic and
environmental considerations into account. In
order to set optimal power for each source, the
decision variables include the generation of the
utility grid, Wind, FC, CHP and PV.

Hourly Cost of Main grid and other
Distributed Energy Resources

In this work, the hybrid micro-grid system is
assumed to be connected to the main utility grid
so that it can draw power from the utility grid
when its power generation is inadequate. The
selling cost and buying cost of main grid for
each hour is given in Table-1. The hourly Cost
of CHP (Cyyp) and FC (Cge) are Euro 0.4 Euro/
KWh and Euro 0.3 Euro/KWh respectively for
each hour and the hourly Cost of Wind (Cyy;,q)
and PV (Cpy) are 0.82 Euro/ KWh and 0.71 Euro
/KWh respectively for each hour.

Emission Factor
The current study takes into account CO,, SO,,
and NO, as three of the most significant emissions

of FC and CHP and Table-2 shows the factor of

emission for FC and CHP.

Table 1. Cost of main grid (Euro/kWh)

Time Winter Summer

(hr) | Selling | Buying | Selling | Buying
1 0.32 0.22 0.32 0.21
2 0.33 0.23 0.31 0.22
3 0.31 0.21 0.32 0.22
4 0.32 0.22 0.33 0.23
5 0.32 0.22 0.31 0.22
6 0.32 0.23 0.32 0.21
7 0.61 0.4 0.71 0.61
8 0.92 0.82 0.73 0.62
9 0.92 0.81 0.72 0.62
10 0.92 0.82 0.71 0.62
11 0.91 0.81 0.98 0.93
12 0.65 0.45 0.99 0.92
13 0.45 0.32 0.96 0.92
14 0.45 0.31 0.99 0.93
15 0.45 0.33 0.98 0.92
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Time Winter Summer
(hr) | Selling | Buying | Selling | Buying
16 0.45 0.31 0.72 0.62
17 0.45 0.32 0.71 0.63
18 0.85 0.73 0.72 0.63
19 0.98 0.92 0.72 0.63
20 0.99 0.91 0.98 0.93
21 0.97 0.92 0.96 0.92
22 0.98 0.91 0.99 0.91
23 0.81 9.73 0.98 0.92
24 0.52 0.42 0.72 0.63
Table 2. Factor of emission (kg/kWh)
MGEMSs FC CHP
CO, 0.2 0.3
SO, 2.45e-6 2.97e-6
NOy 6.3e-6 | 8.8e-5

Objective Function

In this work, two objectives are considered, one
is to reduce energy cost and other is to minimize
emission and MOSMA is applied while calculating
the schedule power for 24 hours for both summer
and winter seasons.

Cost

The cost function is incorporated with various
cost of power generation of renewable energy
resources along with the cost of main utility grid
as given in Eqn.(1):

Th Th Th Th
t t t t t t t t
Z CenrPerp +z CrcPre +Z CivinaPwing +Z C - Pry
J =MinJ [=1 [= =1
¢

Th

1
. @)
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=1 =1

t
CWind ’

P%Vin q and P;’V represent CHP,

where C! Ct

CHP> “FC’
t t
kWh, Peyps Pres

FC, Wind and PV output active power respectively,

t t
PGridbuy and Pg e
selling power respectively of the t-th hour. The
buying price and selling price of the main grid

at hour t are C' . and C'
gridsale gridbuy

is noted that selling cost is subtracted from total
cost when total power generation of microgrid
is greater than load and added when power
generation is inadequate. Th = No of time interval
which is 24.

C{,V represent the cost/

, are the grid buying and

respectively. It

Constraints

MGEMS should guarantee the security and
margin of reserve capacity while taking into
account CHP, FC, Wind and PV characteristics.
Accordingly, the MG optimization model is
subjected to the constraints as follows.

i) Equality Constraints

According to this restriction, the total power of
the load demand Py, at tth hour must be equal to
the total power of CHP, FC, Wind, PV and power
from grid. The following can be written as the
mathematical expression for such a constraint:

T T T T T T T
z Plup +z Pic +z P\L,,,d +z Py +Z P;n'dbuy 'z Pgtridsale 'z P; =0
=1 =1 t=1 =1 t=1 =1 =1

2)

ii) Inequality Constraints:
Following are the limits of power supplied by
different DER present in the microgrid.
P < Peys < Pl
PR <P, <PZ%
Pmin < P < Pmax

Wind = ¥ Wind = * Wind
min max
Ppy" =Py =Py

3)

max max
PCHP ’ PCHP ’

maximum rate of active power and P

min
PWind
active power.

PRy, and PJU* represent the
min Pmin
, CHP> TFC»
and Ppy” represent the minimum rate of

For this micro-grid system upper and lower
limits of CHP, FC, Wind and PV are given in

Table 3. DERs limits in kW

MGEMS P.in P ax
wind 0.1 55
FC 1.2 45
PV 0.1 45
CHP 2.1 50
Emission

The emissions due to different oxides as discussed

in Section 3.2 are to be minimized to reduce

environment pollution and following is the

objective function incorporated with emission cost.
T T T

2 Eco P+ D Eso, Pt ) B Pl
t=1 t=1

=1

4)

E=min
T T T
FC t FC pt FC t
+Z Ecoz Pee +ZE502 Pre +ZENOX Pre
=1 t=1 t=1
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CHP CHP CHP ..
ECOZ, ESO2 and ENOX are the factor of emission

of SO,, NOy and CO, respectively delivered by

CHP for each unit in kg at time t. E%I({)z’

CHP CHP ..
Ego. and Eyq, are the factor of emission of
2 X

SOy, NOx and CO, delivered by FC in kg/kWh

and Popyp and Py represent the active power of
CHP and FC.

Load Demand

The hourly load demand of each day for both
summer and winter seasons to be fulfilled by
microgrid are given in Fig. 2.

B Winter B Summer

Power (kW)
5 & B

=)
=1

Times (Hours)

Figure 2: Load profile for 24 hours in winter
and summer

Proposed Algorithm

Slime Mould Algorithm (SMA)

Li et al. [31] have proposed SMA, which is
an innovative population-based metaheuristic
algorithm that draws inspiration from the
oscillatory behaviours observed in slime mould
found in nature. The feedback mechanism in food
route 1is incorporated to develop the equations
for SMA. To avoid collisions among slime mould,
grabble phenomenon is followed in this algorithm
and approach phenomenon is followed in the
learning process as slime moulds move towards
the centre of the food source. The advancement
of the SMA algorithm is influenced by several
parameters, including vibration parameter
(Vbr), weight of fitness (Wt) etc. Vbr serves to
either facilitate early exploration or enhance the
accuracy of later exploitation in individual slime
moulds, ensuring a balance between exploring new
possibilities and exploiting existing knowledge.
The stepwise procedure of the SMA algorithm,

involving actions like grabbing food, wrapping
food, and approaching food, can be precisely
elucidated through mathematical descriptions
as follows:

Y(C it {Y,, (C_itr)+vbr. (Wt.Y,, (C_itr)-Y, (C_itr)) ,rd<p
vde.Y(C itr),rd > p

5)

where vbr is a parameter with a range of

[-d, d], vdc decreases linearly from one to zero.

C_itr is current iteration and ‘Wt denotes the

slime mould’s weight, Y, is the individual location

of maximum odour, Y’ is the location of slime

mould, Y, and Ygrepresent randomly selected

two individuals from slime mould. The formula
of p is described as follows:

p=tanh|St(i)-DFt| (6)

where 1 € 1,2,...,n, St(i) represents the fitness of

Y , The variable ‘DFt’ indicates the best fitness
achieved throughout all iterations. The formula
of vbr is as follows:

vbr = [d, -d] (7)
d=arctanh (- ( ,Ct*itr J +1J (®

The formula of Wt is listed as follows:

1+rdlog [ l;FFt_St (1)

+ 1} ,condition
t-wEt
Wt (Smelllndex (i))=

bFt-st (i) (C))

Hdlog[ bFt-wFt

+1j,0ther
where, St(i) is responsible for sorting the
population’ first half, The variable ‘rd’ is a
randomly generated number, bFt and wF't indicate
the optimal and worst fitness value respectively,
and Smell Index represents the sequence sorted
in ascending order (in problems where the goal
is to minimize values). Lastly, ‘itr, . represents
the maximum number of iterations.

MOSMA

Initially MOSMA involves calculation of non-
dominated solutions. Then it implements
ranking followed by non-dominated sorting and
the process is iteratively repeated until the
specified final conditions are met. To identify
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the optimal solution from the obtained set of
best solutions using MOSMA, a fuzzy decision
function incorporating a membership function is
utilized. This function, denoted by H,i evaluates
the optimality of the ith objective function among
the kth Pareto optimal solutions, as calculated
using Equation.

1 f <f™

P (10)

max omin 1
£,

0 f>f™

In this proposed approach, these boundaries are
computed individually for each objective function
based on the optimization outcomes. The value of

ui‘ falls between 0 and 1, where ”i( =0 suggests
the solution does not align with the specified
objectives, whereas u:( =] indicates complete
compatibility. For each optimal solution in Pareto
set k, the normalized membership function is
derived using Equation

11

M-
NGE
e

k=1 i=1

The solution exhibiting the highest membership
function value is chosen as the most compatible
solution. Due to its enhanced search capabilities,
the algorithm incorporates a randomized search
component. The utilization of non-dominant
sorting not only confers a Pareto advantage but
also enhances solution diversity through the
introduction of crowding distance.

The Algorithm steps of MGEMS using
MOSMA is given as follows:

o Step 1: Read input data like cost of main grid,
DER price and emission factor and DER limits.
Set the number of population and iteration for
potential solutions.

o Step 2: Evaluate the objective function as
given in equation no. (1) and (4) of each
solution in the initial population based on
the defined objective function and constraints.

e Step 3: Calculate the value of objective
function and update the population based on
the algorithm’s selection criteria.

e Step 4: Determine the pareto front from the
set of non-dominated solutions and calculate
best value from this using Eqn. (11).

e Step 5: Periodically re-optimize the system
as conditions change or new data becomes
available. Ensure the micro-grid remains
efficient and effective over time.

Simulation Results

In the present work, optimum power dispatch
of DERs (FC, CHP, Wind and PV) and emission
are found using MOSMA for a micro grid system
connected with main grid for the typical forecasted
load for summer and winter seasons. The
forecasted load data for both summer and winter
season are provided during a period of time from
0.00 to 24.00 hours for each day as given in Fig.
2. The available power from wind and PV are
shown in Fig. 3 and Fig. 4. The population size
and the maximum iteration number are taken as
200 and 100 respectively for the minimization of
cost function (Eqn. 1) and emission function (Eqn.
4) and the optimum result are found for 24 hours.
The best point from pareto front is found out
using eqn. (9). The results for optimum dispatch
of power are given in Table 4 and Table 5 for
summer and winter respectively. From the result,
it 1s seen that microgrid sells power to utility grid
during winter seasons for particular duration in
a day for optimum operation. Further, the results
found using MOSMA are compared with MOGWA
for both summer and winter seasons as shown in
Table 6. From this table, it is seen that MOSMA
gives better results compared to MOGWA.

=—@—\Winter ==@-—Summer

1 23 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (Hours)

Figure 3: PV Profile of 24 hours for summer
and winter
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Table 4. Allocation of Optimum Power during the winter season

Time FC (kWh) CHP Wind PV Grid Cost Emission
(hour) (kWh) (kWh) (kWh) (kWh) (Euro) (kg)
1 38.05 2 0 0 32.95 26.51 9.49
2 39 2 0 0 28 25.7 9.71
3 39 2 0 0 27 25.23 9.71
4 35.11 2 0 0 28.89 25.4 8.82
5 39 2 0 0 23 25.06 9.71
6 37.77 2 0 0 27.23 26.56 9.43
7 39 35.61 0 0 1.39 33.15 22.15
8 35.96 47.13 0 0 0.91 37.4 25.71
9 36.73 49.12 0 0 -0.86 38.62 26.63
10 38 50.98 0 0 3.02 44.43 27.61
11 37.66 51.82 6.07 5.96 -11.51 32.5 27.84
12 38.2 50.87 0 0 1.93 43.9 27.61
13 39.25 39.56 0 0 3.19 41.35 23.67
14 39 40.1 0 0 2.9 42.72 23.81
15 39.34 44.43 0 0 3.24 43.67 25.49
16 39.74 36.55 0.02 0 11.68 41.67 22.67
17 36.91 42.92 0.01 0 9.15 39.95 24.38
18 37 50.92 6.37 1.03 -4.31 34.77 27.35
19 37.68 51.85 7.36 0 2.11 40.53 217.85
20 37.93 50.52 0 0 12.55 50.96 27.42
21 36.73 50.56 4.79 0 6.92 42.24 27.16
22 38.11 50.52 0 0 4.37 39.6 217.46
23 34.57 47.31 0 0 3.12 35.45 25.46
24 36.96 48.94 0 0 -6.91 31.4 26.61
Total 868.77 523.75

1500
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Table 5. Allocation of Optimum power during the summer season

Time (hour)| FC (kw) | CHP (kw) | Wind (kw) | PV (kw) |Grid (kw)| Cost (Euro) |Emission (kg)
1 4.3 2 4.58 0 58.13 24.44 1.73
2 43.99 2 4.82 0 15.19 22.96 10.86
3 31.63 2 5.31 0 25.06 22.41 8.02
4 38.57 2 5.88 0 15.54 22.17 9.61
5 28.92 2 6.35 0 24.73 22.59 7.39
6 38.49 2 6.97 0 17.54 23.67 9.59
7 45 2 7.76 0 13.24 28.74 11.09
8 43.42 2 8.44 0 20.15 39.28 10.73
9 45 2 8.61 2.23 20.15 41.49 11.09
10 45 2 7.67 5.02 24.31 46.52 11.09
11 45 2 6.46 6.34 28.2 49.76 11.09
12 45 2 5.63 8.03 32.34 45.64 11.09
13 45 2 5.94 1049 | 33.57 41.73 11.09
14 45 2 6.38 11.89 | 28.73 40.9 11.09
15 45 2 6.61 10.16 | 28.22 39.64 11.09
16 35.53 2 6.68 6.19 39.61 39.15 8.91
17 45 2 6.71 2.94 32.35 36.45 11.09
18 45 2 6.9 1.12 34.98 50.49 11.09
19 45 4.22 7.83 0 30.95 51.94 11.91
20 45 2 8.47 0 36.53 57.41 11.09
21 45 3.25 4.59 0 41.16 59.02 11.55
29 45 2 4.48 0 43.52 60.62 11.09
23 45 2 4.43 0 41.57 51.6 11.09
24 43.06 2 4.43 0 36.51 36.34 10.64

Total 951.66 247.28
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Table 6. Comparison of Cost and emission

MOSMA MOGWA
=CEIoT Cost (Euro) |Emission (Kg)| Cost (Euro) | Emission (Kg)
Winter 868.77 523.75 873.45 535.24
Summer 951.66 247.28 962.67 255.37

Conclusion

The adoption of an energy management system
in a hybrid micro-grid represents a pivotal step
toward a more sustainable and environmentally
conscious energy future. Various hybrid energy
sources such as PV, wind generator, FC and
CHP are integrated into the micro-grid. Further,
the micro-grid is assumed to be connected to
the main utility grid so that it can draw power
from the utility grid when power generation of
the microgrid is inadequate. Considering two
objectives, (i.e., one is to reduce energy cost and
other is to minimize emission) power generation
for these sources are determined for 24 hours load
demand for winter and summer seasons using
MOSMA. From the result it is seen that microgrid
sells power to utility grid during winter seasons
for particular duration in a day. The value of cost
and emission for 24 hours for both summer and
winter seasons found using MOSMA are compared
with MOGWA to prove its superiority for optimal
solution of the MGEMS.
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