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ABSTRACT

Increase in geometrical trend in the demand for electrical energy, in addition to large
interconnections, has increased the operational and structural complexities of modern power
systems. Improved performance in modern power systems as well as enhanced reliability
without sacrificing the integrity of the network at a minimum operating cost is, therefore, of
great concern to power system utilities researchers and engineers. In addition, there has been a
rapid development in the integration of renewable energy sources into the conventional power
systems and various hybrid generating plants, in modern power systems, have emerged. In
solving the EDP in modern power systems, due to the existence of non-convexity in the
problem, the capability derived in the meta-heuristical-based methods have been extensively
explored in recent times. This paper, therefore, presents a comprehensive review of various
meta-heuristic approaches through which the solution to economic dispatch problems could
be effectively provided.

KEYWORDS: Economic dispatch problem, renewable energy sources, meta-heuristic
approach, lambda iteration, operating costs.
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1. INTRODUCTION

Considering the consistently increasing interest for electrical energy, shortage of energy
resources, and expanding fuel costs, ensuring dependable and economical supply of electricity
is a developing interest (Abbas et al., 2017; Singh and Sharma, 2017). Electrical power is a
distinctive item in that it cannot by and large be stored in huge scale at a reasonable expense
(Mehta and Mehta, 2005). So, utility companies operating the transmission grid need to make
arrangements and take activities to ensure demand and supply are coordinated progressively.
The objective of engineers in power system planning and operation is to give a reliable supply
of electrical power at the most conservative expense (Maskar, Thorat and Korachgaon, 2017).
Numerous factors, however influence the total generating cost. Fuel costs can vary,
particularly amid times of high demand. Also, each power plant has construction,
maintenance, and operating costs (Sunny Orike, 2013; Haruna et al., 2017). This challenge of
allocating the required load demand between the available generation units such that the cost
of operation is at a minimum can however be appropriately addressed by considering
Economic Dispatch (ED). Economic Dispatch determines the ideal yield of various generating
unit to meet the load demand of the system, at the most minimal possible cost, subject to
transmission and operational constraints (Suman et al., 2016; Chauhan, Jain and Verma,
2017). The outputs of all the committed units in the power system are scheduled such that the
total cost of generation is minimized while all system equality and inequality constraints
imposed are satisfied (Moosavian et al., 2016). To achieve this, Economic Dispatch (ED)
submits on-line generators to fulfil power demand at a minimum cost while additionally

satisfying all system constraints (Saka et al., 2017; Dash, 2018).

Economic dispatch problem is formulated as a non-linear programming optimization problem
in which the fundamental goal is to determine the optimal schedule of online generators in
order to satisfy the power demand at least operating cost under different operating constraints
and working limitations. The significance of economic dispatch is to get maximum usable
power utilizing least resources (Singh and Sharma, 2017). To satisfy the power demand at the
very least total cost, economic dispatch ensures an optimum combination of the generators
connected to the system with the set of generators having the most minimal operating costs
are utilized first. The output power of online generators is varied within the limits and fulfils

the load demand with less fuel cost.

Numerous attempts have been made, based on the existing literature, for providing an

effective solution to the economic dispatch issues through a few strategies in recent times.
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The optimization strategies are classified as classical, meta-heuristic and hybrid techniques.
The classical methods are the conventional/traditional approaches to solving economic
dispatch problems while the meta-heuristic methods are developed to manage the non-convex
and overcome the limitations identified with the traditional approach. The hybrid methods are
the combination of the methods from the previous groups which ordinarily perform superior
to the individual techniques (Moosavian et al., 2016).

Modern power systems have witnessed rapid development as a result of high penetration of
renewable energy sources. Consequently, there has been an increasing interest in meta-
heuristic methods in solving EDP within the scientific communities. Most power system
researchers have, therefore, shifted their interest from the conventional-based approaches to

meta-heuristical-based approaches in providing an effective solution to the EDP.

This paper, therefore, presents a comprehensive review on the patterns in the current trends of
the meta-heuristic approaches for resolving various issues on the EDP in power networks. The
remainder of the paper is organized as follows: Section 2 presents the mathematical
formulations for the problem based on the conventional approach. A comprehensive review of
different approaches to ED problems, with the main focus on heuristic-based approaches, is

presented in section 3 while the study is concluded in section 4.

2. METHODOLOGY

2.1.  Mathematical formulations
Consider an electrical power system network having n number of generators with a given

power demand of P, . For every plant i, the cost C; in $/hour is represented as a function of
its generation level P, (the 3phase power) using its cost-rate curve. The actual power
generation P, is allotted to generators with the goal that total cost of generation is
minimized.

Traditionally, the EDP is usually viewed and formulated as a nonlinear optimization problem.
The main aim of providing solution to an EDP is to provide an effective estimation of the

optimal operating cost of power generation subjected to various system constraints. The cost

function, in terms of the active power, in the network is expressed as
Ci(PGi):aiPGZI +b|PGi +G (1)

The total system cost is therefore given by
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C; =3C/(Ra) @

The fundamental generation dispatch problem can be formulated mathematically as a
minimization problem of the total fuel cost of all available and committed plants subject to the
constraints. This total fuel cost function in terms of the active power is given in equation (2).
Hence, the objective function to be minimized can be restated as

Minimize ici(PGi) 3

where C, (P;) is the fuel cost expression for thei™ generator unit.

The objective function as expressed in equation (3) is usually minimized subject to two main
sets of constraints. These constraints are as follows:

i. The power balance equality: In regards to power balance, it must be the case that the total

generation equals the total demand P, plus the total losses P, .
Psi =Pp +P, (4a)
i=1
The losses P, depend on the flows in the circuits, and the flows in the circuits depend on the

generation dispatch. Therefore we represent this dependency according to the equation below.

ZPGi =P+ PL(PGl7 Pozsn PGn) (4b)

i=1
ii. Active power constraints: Generation limits exist as generators cannot operate above their
maximum capabilities, represented as P~ . And clearly, they cannot operate below their

minimum capabilities, represented as P .

PGni“n <P; < PGTaX (i=12,...,n) (5a)
N

Pei = ‘Vk‘Z‘YanVn‘COS(an +0, _ak) (5b)
n=1

k=12,...,N

The B-coefficients B, are used to express transmission loss as a function of generators active

power. An approximate loss formula is expressed as (Saadat, 2010).
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PL = Z Bii Pezi (6)
i=1

3. REVIEW OF SOLUTION APPROACHES TO ECONOMIC DISPATCH
PROBLEMS

This section reviews relevant studies as applied to various existing approaches being explored
by different researchers in resolving various Economic Dispatch (ED) issues in power system
networks. Various optimization approaches to ED problems can be grouped into Classical-
based methods, Meta-heuristical-based Method and Hybrid-based technique. Although, the
three classifications are considered in this paper, more attention is paid to the use of meta-

heuristic approaches as presented in the sub-sections that follow.

3.1.  Conventional-based approaches

Many researches have been published on existing approaches for solving optimal dispatch
problem and documented in the open literature. For instance, Chauhan, Jain and Verma
(2017) tackled the optimal dispatch problem by lambda iteration method using MiPower
version 9. A solution based on the Newton's method utilizing a closed form expression for the
calculation of the Lambda is presented by Ramanathan (1985). Also, Dike, Adinfono and Ogu
(2013) proposed a modified lambda-iteration method. Furthermore, Xing et al. (2017)
explored the use of distributed augmented lambda-iteration method. The proposed method
when compared with the conventional lambda-iteration method presented a better result as it
model avoided unnecessary oscillatory behaviour often exhibited by conventional lambda-

iteration method.

3.2.  Meta-Heuristic-based approaches

Particle swarm optimization (PSO), presented by James Kennedy and Russell Eberhart in the
year 1995, is a nature-inspired metaheuristic-based optimization algorithm (Mahor, Prasad
and Rangnekar, 2009; Abbas et al., 2017). It was conceptualized by an assortment of creature
social conduct like flocking of flying creatures, schooling of fishes, and so on while searching
for food. PSO was proposed by Gaing in 2003 for unwinding the issue of economic dispatch
(ED) in power systems (Gaing, 2003). Nonlinear characteristics of the generator were seen
using the proposed technique in practical generator operation. His results exhibited that the
proposed strategy provides for efficient solution to ED problems. Dash (2018) consolidated
Moderate Random Search Strategy with Particle Swarm Optimization (MRSPSO) in taking

care of ED issue on a six generator system with ramp rate limit requirements and valve point



94 Akintunde S. Alayande et al,

loading impact. The technique is found to create a better outcomes. Another variation based
PSO called Time Varying Acceleration Coefficients (TVAC) is applied by Hamed and
Mahdad (2012) to tackle economic dispatch problem. A modified PSO algorithm is explored
by Rizwana et al. (2015) to oversee economic dispatch problem with transmission losses on a
3-unit generating system. Results obtained showed that power losses are drastically reduced.
Jaini et al. (2010) developed PSO with one of the accelerating coefficients being constant to
take care of ED problem. The outcomes obtained uncovers that the proposed strategy has the
ability in accomplishing optimal solution for tending to the issue. According to the study
presented by Jobanputra and Kotwal (2018), a PSO approach is applied to solve the ED
problem with a consideration given to transmission line restrains using a system with 10
generating units as a case study. Results obtained demonstrated a decrease in total system
losses and decrease in total generation cost with constrained transmission line flow limits.
Sarstedt, Garske and Hofmann (2018) also applied the approach of PSO to solve an Economic
Optimal Reactive Power Dispatch (EORPD) problem. Thakur et al. (2006) in (Thakur et al.,
2006) also employed PSO to tackle Combined Economic and Emission Dispatch (CEED)
problem. The results obtained demonstrated that the PSO gives a balanced outcome between
emission and cost of generation. Manojkumar and Singh (2018) in (Manojkumar and Singh,
2018) built up a multi-objective particle swarm optimization technique for the solution of
CEED problem with thought given to both equality and inequality constraints. Economic
dispatch and emission dispatch are treated as conflicting objectives. Results obtained showed
a minimize generation cost as well as emission at the same time. Yu and Chung (2011)
presented Multiple Particle Swarm Optimization (MPSO) algorithm for solving multi-
objective ED problem. Results got outlines that the proposed strategy can provide solutions
with reasonable performance. In (Varma, Murthy and Srichandan, 2013), Gaussian PSO
technique was presented for solving the CEED problem. The outcomes acquired demonstrated
better convergence contrasted with those obtained by general PSO strategy. In (Sharma and
Vadhera, 2017), a Particle Swarm Optimization (PSO) method with Gravitational Search
Algorithm (GSA) for solution to economic load dispatch problem is presented. GSA showed
quicker convergence and better search proficiency when contrasted with PSO. This is makes
it an excellent optimization technique in providing an efficient solution to economic load

dispatch problem.

Chen and Chang (1995) presented Genetic Approach (GA) to deal with ED problem in large-
scale systems. The approach is evaluated on Taipower system and results obtained displayed
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faster convergence than the traditional lambda-iteration method in large-scale systems. The
study presented in (Adhinarayanan and Sydulu, 2008) explored the use of a directional search
Genetic Algorithm (GA) approach to deal with ED problem with prohibited operating zones.
The methodology was demonstrated using 15-unit and 40-units test cases. Results obtained
demonstrated that the strategy yields a genuine optimal solution with no convergence issue. In
(Nasiruzzaman and Rabbani, 2008), GA was executed with fuzzy logic for solving economic
dispatch problem. The proposed algorithm displayed better results in terms of convergence
and computational time contrasted with basic GA based method. Genetic algorithm based
optimization approach is utilized in (Khosa, Zia and Bhatti, 2015) for ED issue constrained by
stochastic wind power. Result obtained showed stable convergence. The work of Tyagi,
Verma and Saxena (2015) presented Gray Coded Genetic Algorithm (GGA) for economic
dispatch (ED) problem. It is observed that GGA demonstrated lesser number of fitness
function evaluations and better convergence qualities. In (De et al., 2017) a Real Coded
Genetic Algorithm (RCGA) for achieving optimal solution in Economic Dispatch (ED)
problem is introduced. The optimization problem is developed as a single-objective problem
satisfying both equality and inequality constraints. Simulation results demonstrated improved
solution by the proposed technique. In (Chellappan and Kavitha, 2017), Genetic Algorithm
(GA) was combined with Cuckoo Search Algorithm (CSA) to take care of optimal dispatch

problem. Results acquired with these strategies showed quality convergence.

In (Abdullah et al., 2016), Firefly Algorithm (FA) was presented with consideration given to

transmission losses. The results of the proposed technique showed better convergence. 4 -
logic based algorithm was developed in (Adhinarayanan and Sydulu, 2007) with a number of
the on-line generator units having constrained operating zones. Results obtained showed that
the proposed strategy is proficient for generator units with restricted operating regions and
reduced calculation time. In (Bhongade and Agarwal, 2016), Artificial Bee Colony (ABC) is
exhibited to solve the Combined Economic and Emission Dispatch (CEED) problem. Results
showed that ABC is a powerful algorithm with great convergence characteristics. A novel
charged system search algorithm is presented in (Zhang, Chen and Lee, 2018) for solution to
optimal reactive power dispatch problem. Results obtained showed that the algorithm
provided an answer with fast convergence rate. In (Dasgupta and Banerjee, 2014),
Backtracking Search Algorithm (BSA) algorithm was presented on ED problem with
Prohibited Zone constraints. Results obtained showed that the technique displayed great

tuning characteristics by which it converges to an optimal solution. The work of Sun and Cui
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(2014) applied Hysteretic Noisy Chaotic Neural Network (HNCNN) to economically dispatch
power within the network. It is shown based on the results obtained that the algorithm is
proficient in acquiring optimal solution. Back-propagation neural networks was applied to ED
problem in (Panta and Premrudeepreechacham, 2007). The solutions compared with the

Lambda iteration method demonstrated better exactness in reduced computation time.

The use of Simulated Annealing (SA) technique for solution to ED problem with multi-
objective functions is demonstrated and presented in (Avinaash et al., 2013). Results achieved
demonstrated that SA is an effective evolutionary based meta-heuristic approach to handle
multi-objective ED problem. Vanitha and Thanushkodi (2012) presented Efficient Hybrid
Simulated Annealing (EHSA) algorithm to tackle non-convex economic load dispatch (ELD)
problem. The proposed methodology was executed considering constraints such as generator
constraints, transmission loss, ramp rate limits and prohibited operating zones. The results
obtained showed minimal operating cost with minimum transmission loss and better
convergence speed. Chanda, Maity and Banerjee (2017) employed Biogeography Based
Optimization (BBO) in providing solution to economic dispatch problem with thought given
to linear and non-linear constraints. BBO algorithms showed superior convergence
characteristics in comparison with other techniques. In (Chandram, Subrahmanyam and
Sydulu, 2008), Brent technique which includes the selection of incremental fuel costs is
utilized in taking care of ED problem with transmission losses. Results obtained demonstrated
that the proposed technique gives quality solution with less computational time compare to
the lambda iterative method. The study presented in (Dhivya and Vigneswaran, 2013) tackled
ED problem using Primal-Dual Interior Point Algorithm (PDIP). The outcomes got showed
fast over lambda iterative method. A Differential Evolution programming based on lambda
iterative approach to obtain economic scheduling is also proposed by Visali, Reddy and
Reddy (2014). The analysis is carried out with the inclusion of transmission losses and the

results indicated reduced generation cost.

The work of Ghosh et al. (2018) documented in (Ghosh et al., 2018) developed Teaching
Learning Based Optimization (TLBO) technique to handle linear and non-linear constraints.
The outcomes of the study showed good convergence characteristics. In (Guang, 2018), Fruit
Fly Optimization Algorithm (FOA), for optimal economic dispatch of generators, is
presented. The results demonstrated the effectiveness of the proposed methodology in
resolving ED issues. Model Predictive Control (MPC) method has also been proposed by Gui,
Kim and Chung (2013) to solve economic dispatch problem. Results obtained showed that the
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proposed method is effective in providing optimal solution to ED problems. In (Zhang et al.,
2005), Weighted Ideal point Method (WIM) is proposed to solve the ED problem.
Experimental results demonstrate that the proposed technique is efficient in solving ED
problem. Furthermore, Kumar et al. (2017) presented Bat Algorithm as a solution to ED
problem. The proposed algorithm minimized both fuel cost and emission simultaneously. In
(Liang et al., 2017), Bat Algorithm and chaotic map approach were combined to handle multi-
objective ED problem. Simulation results obtained indicated good characteristic of the hybrid
optimization technique. Authors of Mostafa, Abdel-nasser and Mahmoud (2018) presented
Grey Wolf Optimization (GWO) technique with mutation operators to provide an optimal
solution for ED problem. In (Mohamed et al., 2018), Stochastic Whale Optimization (SWO)
method is proposed to solve the economic dispatch problem. The obtained simulation results
demonstrate the high efficiency compared with the GWO. Pandi and Abraham (2009)
presented Improved Harmony Search (IHS) algorithm. The methodology takes care of
equality and inequality constraints. The results obtained showed the efficiency of the
algorithms over other reported methods. In (Rahmat, Musirin and Othman, 2012), Differential
Evolution Ant Colony Optimization (DEACO) was presented to solve ED problem. Several
parameters including the number of ants and nodes were manipulated to investigate the
behaviour of the algorithm. The algorithm demonstrated quicker convergence.

3.3.  Hybrid-based approaches

In (Santra et al., 2015), Particle Swarm Optimization (PSO) is combined with Ant Colony
Optimization (ACO) as PSO-ACO, to solve the economic load dispatch problem. The hybrid
method showed improved results. Sen and Mathur (2016) proposed an amalgamation of three
meta-heuristic algorithms — the Ant Colony Optimization (ACO), Artificial Bee Colony
(ABC) and Harmonic Search (HS) algorithms, and hence the name ACO-ABC-HS algorithm,
for solving the ED problem. The technique provides an alternative solution in addition to
other beneficial highlights like quick convergence rate and capacity to handle discontinuous
cost functions. Hybrid Particle Swarm Optimization Combined Simulated Annealing Method
(HPSAO) is presented in (Wang et al., 2010) to take care of ED problem. The methodology
was tried on three Gorges hydroelectric plant. Results acquired demonstrated that HPSAO has
quicker convergence capacity. In (Vanitha and Thanushkodi, 2013) Efficient Biogeography
Based Optimization (EBBO) algorithm, which is a blend of PSO, DE and Biogeography
Based Optimization (BBO), is proposed. The combined methodology is applied to a test

system with 40 thermal units. Results obtained demonstrated the capability of the technique in
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providing a solution with better convergence speed as compared with individual
methodology. Chiang (2017) proposed a Cuckoo Search Algorithm with Multiplier Updating
Technique (CSA-MUT) to deal with ED problem of power system. Results obtained showed
that the suggested approach has improved optimal characteristic. In (Ding et al., 2014), Mixed
Integer Quadratic Programming (MIQP) method was applied to ED problem with disjoint
prohibited zones. The results obtained from the numerical illustration of the approach showed
that the proposed strategy provides a simple and significant computational improvement over
the existing methods. MIQP is further improved in (Pourakbari-kasmaei et al., 2015) to
Unambiguous Distance-Based Mixed-Integer Quadratic Programming (UDB-MIQP) model
for solving ED problem. The methodology displayed reduced computational time and lesser
difficulty. In 2017, Bratati et al. (Bratati et al., 2017) presented Krill Herd optimization
technique to take care of ED problems having valve-point loading effect. Results obtained

showed a significant improvement in the solution for practical situations.

3.4. Comparison of approaches

Based on the comprehensive review of the relevant literature studies in the areas of EDP,
carried out in this paper, it can be concluded that various efficient techniques have been
presented in open literature. Most of these methods compare well with each other. For
example, Back Propagation Neural Network (BPNN) method compares well with Lambda
iteration method in solving ED problem. Though, the results obtained through BPNN are
more accurate the disparity in the accuracy is not significant and therefore can be ignored.
The study carried out by the authors of (Alayande, Olowolaju and Okakwu, 2019) has also
presented a comparison of results obtained based on Lambda iteration and PSO technique.
From the results obtained, both methods are seen to be cost effective with the PSO
demonstrating high convergence characteristics. Authors of (Cam, Eke and Arikan, 2018)
proposed Genetic Algorithm to be better than Artificial Bee Colony Algorithm in terms of
emission output for solving ED problem. It can therefore be concluded that each of the
approaches has its merits and demerits in providing solution to the EDP within modern power

systems.
4. CONCLUSION

In this paper, a comprehensive review of studies, on various approaches for resolving
economic dispatch problems in power systems, has been presented. Different approaches have

been considered in this paper. The approaches considered are sectioned into Classical
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approaches, Meta-Heuristic approaches and Hybrid approaches with the main focus being on
the Meta-heuristic approaches.
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