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Abstract - The economic dispatch of the Micro-Grid (MG) in the current scenario considers the scheduling cycle with the
lowest cost and effectively manages multiple Distributed Generations (DGs) over an extended duration, making it a more
appropriate choice for a functional system. The unpredictability of wind and solar energy poses a challenge in solving the
economic dispatch problem. Implementing intelligent algorithms and multi-objective optimum dispatching systems has
demonstrated significant cost reduction and enhanced environmental sustainability in microgrid operations. The primary
objective of the economic dispatch algorithm in the context of a Micro-Grid (MG) is to minimize expenses throughout the
scheduling cycle while efficiently coordinating many distributed generators over an extended duration. This makes it highly
suitable for operational systems. Due to their inherent variability, the economic resolution of the dispatch problem associated

with wind and solar energy requires significant time. Utilizing smart algorithms and multi-objective functions for optimized

dispatching generator capacity can potentially.
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1. Introduction

The urgent need for decreased greenhouse gas emissions
and the rising energy demand have made it essential to
optimize power generation systems. The simultaneous
optimization of economic cost and environmental impact in
power generation is the focus of the Integrated Economic and
Emissions Dispatch (IEED) problem.

Choosing the best power unit generation levels while
considering the economy and emissions regulations is
difficult. Metaheuristic algorithms have recently become
more well-known for handling such challenging optimization
problems.

The Sparrow Search Algorithm (SSA) has proven
effective in resolving various optimization issues. In order to
find a balanced solution that reduces operational costs and
emissions, this research provides a novel application of the
SSA to the IEED problem. Through this integration, the
research advances affordable, environmentally friendly
power generation systems, accelerating the move towards a
cleaner, more energy-efficient future [1-3].
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2. Literature Review

The Economic and Emissions Dispatch (EED) issue has
become more complicated due to incorporating Renewable
Energy Sources (RES) into power systems. Innovative
dispatch strategies are needed for RES because it is
intermittent and unpredictable. In order to strike a balance
between cost-effectiveness and environmental sustainability,
research has looked into hybrid systems that combine
conventional generation with RES. Renewable generation
uncertainty has been addressed using stochastic optimization
and robust optimization techniques [4-7].

The initial techniques for resolving the issue were to use
linear, quadratic, and dynamic programming, among other
traditional methods. More sophisticated optimization
algorithms appeared as computational power increased. With
encouraging outcomes, EED has been solved using genetic
algorithms,  simulated  annealing,  particle  swarm
optimization, and ant colony optimization. These
metaheuristic methods are advantageous for dealing with
nonconvex, complex, and nonlinear objective functions [8-
12].

EaremEl 1 his is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)



P. Venkatesh et al. / IJEEE, 10(8), 206-214, 2023

Considering multiple competing goals in EED, such as
financial cost, emission reduction, and system reliability, has
gained popularity. Various trade-off solutions have been
developed using multi-objective optimization techniques like
Pareto-based optimization and evolutionary algorithms,
allowing decision-makers to choose the best compromise
option based on their preferences. Uncertainties in fuel
prices, demand projections, and generator outages can
significantly impact the effectiveness of dispatch solutions.
Risk-aware dispatch methodologies that explicitly consider
uncertainty into account and offer reliable or stochastic
solutions have been the subject of extensive research. As a
result, the operation of the power system is more dependable
and stable [13-18].

The dispatch decisions of various market participants,
such as generators, consumers, and independent system
operators, are influenced by market mechanisms and
regulatory policies. Researchers have investigated game
theory and optimisation models to understand the effects of
market structures on dispatch outcomes and capture the
behaviours of different market players. EED issues were
traditionally resolved offline while considering a set
operating scenario. However, real-time or nearly real-time
dispatch solutions are required due to the complexity and
dynamics of modern power systems, which are becoming
more complex. To enable dynamic and adaptive dispatch
strategies, model predictive control,  sophisticated
optimization algorithms, and data-driven approaches have
been investigated [19-24].

The growing emphasis on environmental sustainability
has made integrating EED crucial in power systems. There
are advantages and disadvantages to using metaheuristic
algorithms to solve this issue, such as the SSA. The
complexity of the EED, which involves maximizing power
generation while simultaneously lowering economic costs
and emissions, is one of the main issues.

A resilient algorithm like SSA must effectively explore
the solution space to balance these competing objectives. The
need to balance economic and environmental concerns
creates difficulties. Finding globally optimal solutions to the
EED problem is challenging due to its non-linearity and non-
convexity. The SSA must successfully navigate this
complicated environment to avoid settling on less-than-ideal
solutions. Another level of complexity is added by including
emissions factors in the optimization process.

The task of the algorithm is further complicated by
accurate modelling of emissions and their impact on power
generation. In addition, there are concerns about the SSA’s
ability to scale to deal with massive power systems. The
EED problem frequently involves many variables and
constraints, and ensuring that the SSA remains efficient in
such scenarios is critical [25-33].
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The following objectives for economic and emissions
dispatch using the sparrow search algorithm have been
proposed in this paper. By reducing both financial expenses
and greenhouse gas emissions, the integrated economic and
emissions dispatch problem seeks to optimize the operation
of power generation units. The SSA, an optimization method
inspired by nature, is used to tackle this multi-objective
problem. The algorithm aims to create a balanced solution
that ensures cost-effective power generation while lowering
carbon emissions by considering economic efficiency and
environmental impact. Through this method, the fusion of
financial and environmental considerations aids in managing
sustainable energy in power systems, promoting a greener
and more financially viable energy generation landscape.

3. Problem Formulation
3.1. Primary Objective Function

The primary objective is to optimise the utilization of
generation capacity and emissions reduction in integrated
economic dispatch; expression (1) identifies the primary goal
of economic dispatch.

Cg
ni=1

min(K(P,) = %,9_ i(P) + Xy , i(P) 1
In the context of the MG system, the variable ‘n’
represents the aggregate count of DG units. The variable
K(P;) represents the aggregate operational expenditure,
measured in $/hrs, for a collection of n DG units. Cg,
denotes the generation cost specifically associated with the i
DG unit, while C; represents the emissions cost for the same

unit. Lastly, P; signifies the power output.

The comprehensive cost of generating power from each
distributed generation unit encompasses the expenditures
associated with fuel procurement, maintenance activities, and
operational expenses. This all-encompassing computation
incorporates the diverse factors linked to the constituents
mentioned above. The expression (2) illustrates the power
equation in terms of input,

Zrc{?=1 i(P) = Zfl{=1 i(P) + Zfl?:l

The variable Cgi (P;) represents the expenditure
associated with electricity production by the i" distributed
generation unit. Similarly, Cs; (P;) denotes the financial
outlay of fuel acquisition for the ith distributed generation
unit. Lastly, Co; (P;) signifies the cost incurred for operating
and maintaining the i" distributed generation unit.

i(P) )

3.2. Fuel Cost
Di(Pi) = Ky X P; 3)
Where, P; =P, produced by the i" DG unit, Ks, is the fuel
coefficient at i, and Ds;(P)) is the fuel cost of the i" unit.
Expression (3) indicates the fuel cost of the system.
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3.3. Operation Cost
Yo,i(Pi) = Ko,i X Pi (4)
Where, Pi is the i" DG unit output power, Coi(P)
represents the operation cost ($/hrs) and K,; = Operation &
maintenance coefficient ($/kwh). Expression (4) indicates the
operational cost of the system.

3.4. Emission Cost
Qe,i(Pi) = Koi X Me X P; (5)

Let K., ; represent the emissions coefficient of the ith
distributed generation (DG) unit, measured in units of
kilograms per kilowatt-hour (kWh). Additionally, Q. i(Pi)
denotes the cost associated with emissions for the DG
mentioned above unit, expressed in units of currency per
hour ($/h).

It signifies the monetary valuation of greenhouse gas
emissions per kilogram, while P; denotes the i" DG unit
output power. Expression (5) indicates the emission cost of
the system.

3.5. Power Balance Constraint
VD = Y,i-1 P, + PB (6)
Pi is the DG unit generating power, VD is the total load
demand, and PB illustrates the battery’s output. Expression
(6) indicates the power balance constraint of the system.

3.6. DG Output Limits
Pi,min < P; < Pi,max (7)
Pi. min@nd P;, max represent the DG units with min and max
power limits, respectively. Expression (7) denotes DG output
limits of the system.

3.7. The Operational Limitations of the Battery
-PBmin < PB < PByax (8)
PBax represents the pinnacle of the battery’s positive
charging potential, and -PB . signifies the negative value of
battery charging potential. Expression (8) denotes the
operational limitations of the battery.

4. Proposed optimization Method
4.1. Concept of Sparrow Search Algorithm

The target behaviour of sparrows inspires the SSA.
Gregarious sparrows may be split into producing sparrows
and thieving sparrows. The feeding habits of sparrows serve
as an inspiration for the SSA. According to their
responsibilities in foraging, the gregarious sparrows can be
split into producer and scrounger sparrows. The scroungers
follow the producers as they forage while the producers
actively look for food sources. In order to find more food,
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sparrows fight for their fellow birds’ food supplies and
flexibly flip. However, the population’s distribution of
producers and scroungers is set. The sparrows’ foraging
tactics are determined by their energy stores.

Additionally, sparrows’ anti-predation behaviour has an
impact on how they forage. The population is initialized and
created in the SSA using a random technique. A matrix
describes the location of every sparrow, and the individuals
are given fitness ratings. The greater fitness values will go to
the producers. The producers must look for food over a wider
area since sparrow population migration is guided by it.
Throughout iterations, the search process is essentially an
extensive investigation of the search space. The scroungers
are moving in an arbitrary direction away from their worst
location. If not, the energy-rich scavengers migrate to the
farmers from whom we have procured good food to engage
in food competition. They will replace those that lose as new
producers if they prevail. Additionally, some sparrows
recognize danger when it arises. The anti-predatory
behaviour is used to update the sparrows’ location.

4.2. SSA Algorithm

A natural-inspired optimisation method called the
sparrow search algorithm has been wused to address
challenging issues like the Economic Dispatch (ED) problem
in power systems. Allocating generation outputs among
power plants to meet the demand for electricity while
lowering overall generation costs is the goal of the economic
dispatch problem. The social behaviour of sparrows, which
exhibit flocking and foraging behaviours to locate the best
food sources, inspires SSA.

In order to find the best response, SSA simulates the
movement of sparrows. Sparrows stand in for potential
solutions and move in a manner that mimics the trade-off
between exploration and exploitation in optimisation. The
algorithm models sparrow movement using mathematical
equations and adaptively modifies parameters to strike a
balance between exploration and exploitation. Sparrows
communicate by updating their positions and exchanging
knowledge about better solutions, which enables the
algorithm to converge over successive iterations to a nearly
optimal solution.

The steps are shown in the algorithm’s flow chart:
initialization, fitness assessment, selection, crossover,
mutation, convergence check, and output of the optimal
dispatch solution. In order to achieve economically optimal
power generation distribution while taking operational
constraints into account in the economic dispatch problem,
an iterative approach that efficiently navigates the solution
space is used, as shown in Figure 1.

Step 1: Create the solution and prepare it. At this point, it is
possible to compute the population size, maximum number
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of replicas, producer ratio (PD), and the proportion of
sparrows receiving acute therapy (PV). Equation displays the
sparrow population’s starting location. They are created at
random in expression (9).

X, X X2 X;,d
X = Xp0 X Xp,2 e X,,d )
x, 1 x.,2 ... X ,d

The equation’s choice variables comprise n sparrows
and have a d dimension. The above equation assesses each
person’s suitability for the next operation. The FX equation’s
row values are expressed as numbers. The equation below
shows the fit for each sparrow, where n is the number of
sparrows in expression (10).

fIx, X x,2 ... X, d]
F o %, X X2 ... X,,d] (10)
X, X2 o X,,d

Step 2: In the SSA, producers of fitness-related goods are
prioritised over those who generate food. Since producers
manage the entire population’s movement may seek cuisine
across a larger region than explorers. In line with procedure
steps (1) and (4), the manufacturers update their status using
the above equation (10).

(11)
if R, > ST

The constant in the above equation with the most
iterations is called [inter]_mix. j=1, 2., d, X_(i, j)™t
indicates the subsequent new value of j" sparrow in each
iteration of t, where t is the current iteration in expression
(11). A random number between 0 and 1 is the safe
threshold, or ST is between 0.5 and 1.0, whereas R,, the alert
value, ranges from 0 to 1. Q is a random integer based on the
normal distribution. L is a picture of a 1D matrix with 1-
element values. If it is R, ST, some sparrows saw the hunter
and must immediately fly away.

When R2 is lacking, the creator uses a comprehensive
search. Explorers must follow guidelines 4 and 5. After
discovering a producer has found it, they leave to compete
for a great feast. They can eat instantly if they succeed.; if
not, Rule 5 will take effect. Expression (12) describes
position updates for explorers. It is decided by [ex]_pif the
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firm has the best position in expression (12). X worst
represents the current worst location on the earth. A is a 1d
matrix in which each element’s value is given a 1 or a -1 at
random. If 1>n/2, it means there is a probability that the |
probe will starve.

XL Xt
Q*exp(Rres — 2 "J)if>g
|

X X = XA L

+1_ 12
X! = (12)

Step 3: After updating the location of the whole population,
a group of sparrows are selected to act as scouts
(exploration), who are in charge of identification and
warning. They typically make up 10% to 20% of the
population. Equation asserts that rule 6 defines shifting one’s
location as doing so (6).

X;est+ﬁ*|x|‘] _Xl;esl| fi >fg
t t

i!j LK* ‘Xi,j = Ky f - fg

’ (f—f)+e

X_bestis where Equation (13) gives the global optimum
solution. It is a tiny constant that prevents crimes in zero-
division. Establishes the arbitrary number’s step size, 0 and 1
mean, and friction normal distribution. K is a random
number between 1 and 1; f g and f w reflect the current
stylish and worst overall felicity circumstances. The current
sparrow value is f_i. According to f_i=f_g, middle sparrows
should approach others because they recognize the danger. If
f_i>f g, the individual is on the group’s periphery. X best
points to the population’s centre and the secure area around
it. K is the control parameter for the step size and the
direction of the movement. K denotes the direction of travel
and the variable that regulates step size.

(13)

Step 4: Each participant’s current location is contrasted with
the previous repeat. The update is complete if the new
position outperforms the old one while maintaining the
optimum position. Some sparrows may have a better chance
of surviving after the last two stages.

Step 5: Go to step 2 if there are fewer repetitions than the
limit. The algorithm then halts and chooses the optimal
action in this situation. Iterative processes are used in the
sparrow search algorithm to solve the economic dispatch
problem. It begins by initialising a population of potential
solutions and assesses each one’s fitness using the principle
of cost minimization. The algorithm iteratively improves the
solutions through selection, crossover, and mutation. Each
generator’s best power generation levels are identified at
convergence, where the process stops. Step-by-step processes
of the SSA Flow chart are shown in Figure 1.
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Fig. 1 Flowchart of sparrow search algorithm

5. Results and Discussion

This section displays Micro-Grid’s Sparrow Search
algorithms based on environmental and economic dispatch
results. SSA is compared to Lagrange results to determine its
efficacy. The Sparrow Search Algorithm (SSA) optimizes a
complex dispatch problem considering economic and
ecological factors. The economic and emission costs
associated with the microgrid’s load dispatch problem have
been lowered thanks to the SSA methodology that was
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advised. The bar chart shows the optimal generating capacity
corresponding to the demand, as shown in Figure 2. From
Figure 3 and Figure 4, it is clear that the minimized fuel cost
by optimum utilization of generator capacity using SSA is
achieved when compared to Lagrange Integration Method
(LIM). Table 1 and Table 2 show the numerical values of
optimum generating capacity corresponding to total demand
using the sparrow search algorithm-hm for three and fifteen
generator units.
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Table 1. A comparative analysis of generation and total operation cost between LIM and SSA for three generating units utilizing the minimum and
maximum price penalty factors

LIM SSA

Demand (kW) Demand (kW)

D1 D2 D3 D4 D5 GA D1 D2 D3 D4 D5
600 580 540 524 440 600 580 540 524 440

G1 | 246.35 | 238.51 | 222.81 | 246.53 | 183.57 | G1 | 300 | 222.02 | 233.11 | 252.20 | 140.34

GA

G2 | 247.37 | 238.82 | 221.72 | 214.88 | 178.98 | G2 | 250 | 235.06 | 228.22 | 202.20 | 249.52

G3 | 106.26 | 102.66 | 95.46 | 9257 | 77.44 | G3 50 122.90 | 78.66 | 69.51 | 50.10
(GA - Total no. of generating units (kW) and D — Total Demand (kW))
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Table 2. LIM and SSA generation and operating cost comparison for 15 generating units utilizing min/max price penalty factor

LIM SSA

TOtilf No. Demand (kW) TOti:c No. Demand (kW)

Generating | D1 D2 D3 D4 D5 | Generating | D1 D2 D3 D4 D5

Units (kW) | 600 580 540 524 440 | Units (kW) | 600 580 540 524 440
Gl 62.83 | 62.01 | 59.53 | 58.17 | 47.12 Gl 20.87 | 57.31 | 52.21 | 57.03 | 31.41
G2 30 30 30 30 30 G2 65.32 | 40.02 | 41.94 30 30
G3 20.24 20 20 20 20 G3 67.27 | 81.74 | 46.41 | 46.13 | 29.98
G4 20.24 20 20 20 20 G4 20.87 | 21.51 | 34.75 | 29.61 | 62.00
G5 75.22 | 73.90 | 70.08 | 67.97 | 50.90 G5 67.94 | 42.61 | 62.51 | 54.83 | 34.21
G6 76.38 | 75.10 | 71.38 | 69.33 | 52.73 G6 61.67 | 32.05 | 92.25 | 50.79 25
G7 77.783 | 76.41 | 72.41 | 70.21 | 52.38 G7 30.87 | 28.31 | 34.03 | 47.07 | 28.74
G8 66.74 | 65.12 | 60.42 | 57.83 | 36.8 G8 20.87 | 52.48 | 30.80 | 48.36 | 43.02
G9 20 20 20 20 20 G9 45.03 | 20.93 | 20.80 | 21.45 | 20.75
G10 16.74 15 15 15 15 G10 33.62 | 33.23 | 25.22 | 20.31 30
Gl1 33.98 | 29.89 20 20 20 G11 34.05 | 43.07 | 20.80 | 37.17 | 21.29
G12 40.04 | 63.49 | 26.15 | 20.45 20 G12 45.80 | 66.76 | 20.80 | 32.18 | 27.74
G13 25 25 25 25 25 G13 34.05 | 29.91 | 25.80 25 25.52
Gl4 19.92 | 16.03 15 15 15 Gl4 30.29 15 15.80 15 15.20
G15 15 15 15 15 15 G15 15.87 15 15.80 15 15.23

6. Conclusion after solving the Combined Economic and Emission

The SSA algorithm optimizes a complex dispatch
problem considering economic and ecological factors. The
SSA methodology has acknowledged the economic and
emission costs associated with the microgrid’s load dispatch
problem. The Price Penalty Factor (PPF) has been used to
analyse the overall fuel cost of alternative solutions for
particular demands. Penalty factors for maximum/minimum,
minimum/maximum, and minimum/minimum scenarios have
been addressed in the constrained evolutionary economic
dispatch problem using the Lagrange method and sequential
subspace approximation with different price penalty factors
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