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Abstract  

The Micro Grid (MG) is a technique to work out myriad 

number of problems linked with the incorporation of many 

small generators in supply feeders. With ever-increasing 

apprehension of ecological protection, renewable energy 

resources are extensively applied as a means to achieve 

minimum emission.. The facility of MG allows exploring in 

huge scale, the use of the renewable energy resources for local 

consumption. The Economic Dispatch is intended at 

minimizing the cost function and emissions of the power 

system though fulfilling all active constraints taking into 

account both conventional and renewable energy resources  In 

this paper, Economic Dispatch (ED) problem in Micro Grid is 

discussed with power security constraints by means of many 

types of soft computing techniques. 

Keywords : Micro Grid(MG); Economic Dispatch(ED). 

 

INTRODUCTION 

The heavy investment, inadequate reliability, increased 

emissions of green house gases and increased line losses in 

the conventional network made the utility to choose for 

involving myriad renewable based micro sources, as per the 

necessity and ecological constraints. To provide reliable, 

quality and competent supply to its consumers the researchers 

have recommended micro grid as a complete solution. 

Restructured Electrical power utilities have formed extremely 

energetic and viable market that changed many aspect of the 

power production. Therefore, there is a need of optimal 

economic dispatch due to shortage of energy resources, 

increasing power generation cost, rising global warming 

concern, and ever growing electricity demand. The key 

purpose is to minimize the fuel cost besides emission level 

simultaneously, though fulfilling the energy demand and 

operational constraints. The Multi-objective problem is 

converted into a single objective problem using the price 

penalty factor approach. Weight factor is used to get the 

optimal settlement solution as minimizing fuel cost and 

emission simultaneously are rival to each other. 

 The conventional optimization methods are not suitable to 

solve ED problems as due to local optimum solution 

convergence as they are nonlinear, non-convex with severe 

equality and inequality constraints. Metaheuristic optimization 

has gained an unbelievable appreciation as the solution 

algorithm for such problems in last few years.  

[2] Analyzes the prospect to extend the simple micro-grid 

model in optimizing the operation of limited renewable 

energy for grid area which integrates the renewable energy 

resources driven power plants. The said model is examined 

using HOMER and MATLAB software. [3] says about the 

resurgence of the history of power system and how and why 

the micro grids have taken birth in this restructured and 

deregulated electricity market with advantages of the micro 

grid and this paper studies the reliability of 6-bus system with 

a Fast de-coupled load flow (FDLF) method in Compaq visual 

FORTRAN .Micro grid is presented as the best way to 

comprehend the promising potential of distributed generation 

in [4]. The purpose of the study is to extend micro grid 

optimal dispatch through demand response (MOD-DR), which 

fill in the gap by coordinating both the demand and supply 

sides in a renewable-integrated, storage-augmented, DR-

enabled MG to attain economically viable and system-wide 

resilient solutions [8]. The object of the study is to develop 

micro grid optimal dispatch with demand response (MOD-

DR), which fills in the gap by coordinating both the demand 

and supply sides in a renewable-integrated, storage-

augmented, DR-enabled MG to achieve economically viable 

and system-wide resilient solutions. The key contribution of 

this paper is the formulation of a Multi-objective optimization 

with prevailing constraints and utility trade-off based on the 

model of a large-scale MG with flexible loads, which leads to 

the derivation of strategies that incorporate uncertainty. The 

use of small cluster of generators of less than 2 MW, 

efficiency reserves, heat and electrical storage sets, and 

combined heat and power (CHP) appliances may be the 

forerunners to widespread micro grid management [16]. [19] 

discusses the planned management of the DERs  in micro grid 

and the detailed impact of  this deployment of DERs in micro 

grid is given in [18].  
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 In [23] the analysis of Distributed energy resources was done 

for emission reduction findings and it is cleared that the DERs 

have very bright future as the emission at 100 % load ratio is 

much lesser than that at other load. [25] Presents a significant 

literature review of different 𝜇G planning. This paper 

discusses the benefits of grid-connected or isolated 𝜇G with 

storage. A bi-level optimization model is developed in [27] in 

which the upper level objective is to maximize the profit of 

DISCOM and the lower level objective is to minimize the cost 

of MGs. In [28], a DE algorithm is proposed that uses a novel 

mechanism to dynamically choose the best performing blend 

of parameter (, crossover rate, amplification factor and the 

population size) for a problem in a single run. The 

performance is evaluated by solving three (two constrained 

and one unconstrained) well known sets of optimization test 

problems . The results cleared that the proposed algorithm 

saves the computational time, and also shows improved 

performance over the other modern algorithms. In [31] a 

hybrid method to optimize the capacity of DG and operational 

strategy in micro grids is presented  ,the hybrid optimization 

method detailed here is a combination of the quadratic 

programming (QP)and the particle swarm optimization (PSO) 

algorithm. Hybrid Renewable Energy Systems (HRES) is 

given in concise [34]. Here a myriad number of optimization 

objectives that have been aimed in power system applications 

has been incorporated with a clear outline. 

An optimization model considering the economical and 

environmental criteria is given to study the optimal power 

allocation of DERs (distributed energy resources), ESS 

(energy storage systems)  and main grid in [33]. [35] gives the 

survey of the various computational optimization techniques 

which can be applied for micro grid planning. This survey 

may be used for power system engineers and planners. To 

assess the voltage stability margin of a two-bus system based 

on both saddle node and partial induced bifurcations, a better 

indicator is proposed in [38]. Reduced islanded MG network 

(RIN) is introduced for simplification of the proposed 

indicator to n-bus islanded MGs and a advance power flow 

algorithm by dividing these networks. Here the islanded micro 

grid reconfiguration IMGR is proposed. Reconfiguration is 

applied as an optimization tool to get an improved voltage 

stability indicator such as minimizing losses.[38] shows that 

the presented algorithm is very helpful for power system 

operators in future. Micro grids have been researched to 

improve power reliability  ,security, sustainability and 

decrease power costs for the consumer. It has been found that 

micro grids have significantly depends on the location, 

components, and optimization goals and most common 

barriers were identified as technical, regulatory, financial, and 

stakeholder in [113]. 

In [39] the structure of micro grid is represented as virtual 

energy storage system VSS to involve in the optimal 

scheduling of micro grid for the purpose minimization of 

micro grid operating cost. A method for hybrid renewable 

energy systems   best possible planning and design is given in 

[40] . In this paper an evaluation of the electrical distribution 

circuit is done to assess the electrical performance when the 

DER-CAM model selects the size and type of the DERs and 

their utility operating schedules. it also gives the economic 

benefits of allocating the DERs optimally. . In [43] the 

discussion about the scenario for future micro grid design, 

policy and planning is given.  An exhaustive survey on all 

layers related to the micro grid is done in [44], a hierarchical 

MG scheme with clearly defined Micro grid pico grid , and 

nano grid is detailed here. Out of the four layer classification, 

in first layer ,generators, electric vehicles (EV), converters, 

and energy storage systems (DS) have been described, 

Various communication protocols are described in second 

layer classification, in the next layer an intelligent layer is 

detailed in which decision making in operation and planning 

is described, and in the last layer classification ,different 

business models for the future micro grid are given in detail. 

The detailed discussion related to the myriad number of 

challenges of the research in micro grid is briefed in [45].This 

paper gives the review  of the recent research in the area of 

micro grid. this paper also describes the micro grid with its 

components, its benefits, future applications . To get the  

integrated voltage profile  and for the purpose to minimize the 

losses  in the  micro grid, a specific use of combined 

distributed optimization for  DGs generated reactive power 

optimal dispatch  in micro grid is examined in [48] . 

A micro grid optimal scheduling model based on recent 

deregulated electricity market was proposed in [49] which is 

compared with the generally used optimal scheduling model 

which is  price-based to find out the differences ,the pros and 

cons . a new structure for smart energy management which is 

based on the idea of quality-of-service in electricity (QoSE) is 

introduced in [50].  The aim of  micro grid control center 

(MGCC) is to minimize the MG operating cost and to 

maintain the outage probability of quality usage, i.e., QoSE, 

below the pre specified value, by forecasting the  electricity 

from different energy resources. Lyapunov optimization 

method is used for given problem. In [51] ,it is given that how 

the multiple distributed  generators share the active power  in 

micro grid using its different control modes . The feasibility of 

the proposed (UPC) unit output power control to control DGs 

active power is simulated by  MATLAB/SIMULINK. The 

prime objective of [88] is to develop micro grid optimal 

dispatch with demand response (MOD-DR) which fills in the 

gap by coordinating both the demand and supply sides in a 

renewable-integrated, storage-augmented, DR-enabled MG to 

achieve economically viable and system-wide resilient 

solutions. 

The detailed study over the power management policies 

related to the micro grid is done in [54], it discusses about the 

challenges of the power management planning of the micro 

grid and also the solution impacts of the various analysis 

methods IN AC, DC, hybrid AC/DC micro grid , FACTS and 

storage devices, optimization  techniques, multi agents. In 

[115] author has presented a parametric programming based 

approach for energy management in micro grids. The 

parametric mixed-integer linear programming problem (p-
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MILP) formulation leads to significant improvements in 

uncertainty handling, solution quality and computational ease 

and problem is solved offline on a flexible time-scale basis. 

Micro grid study of the University of California, San Diego 

(UCSD) campus has been done in [114] which has diverse 

distributed energy resources (DER) and the study reveals that 

renewables energy integration  strategies are technically 

feasible and cost-effective for PLS, PV firming and grid 

services. It was also suggested that participation in the AS 

market is unlikely to provide sufficient incentives for UCSD 

to offer integration services, highlighting the nature of a 

‘‘missing money” problem from the perspective of a  

microgrid. 

[55] gives the detail description of the micro grid ,its 

components   like  micro grid loads,  power electronic 

interface modules  ,energy storage devices, ,distributed energy 

resources (DER), and multiple micro grids  interconnection 

,its different modes,. This paper also discusses the advantages 

of the distributed generation in micro grid and the application 

of different renewable energy resources because of its 

reliability and cleans an environmentally safe energy. [99] 

gives a comprehensive description of micro grid technology.  

[56] Discussed the micro grid technology with advancements 

and most recent amendments. [94] presented an optimization 

model to find out the optimal power allocating for DERs, ESS 

and main grid and optimization problem of MGEMS is solved 

by CPLEX solver based on AIMMS software in comparison 

with GA solution.The results proved thatAIMMS is capable to 

provide a fast, robust, and efficient solution compared to GA. 

Distributed Energy Resources Customer Adoption Model 

(DER-CAM) is proposed in [102] to determine the optimal 

size and type of distributed energy resources (DERs). The 

final simulation results show that hybrid renewable energy 

systems are essential for efficient & best utilization of 

renewable energy resources for micro grid applications. 

Increasing environmental and energy shortage issues 

necessitates the use of CCHP micro grid, A comprehensive 

survey of the CCHP micro grid planning, modeling, and 

power  management is presented in [60].this energy 

management planning is concised in terms of its control 

strategies, noxious gas emission reduction ,cogeneration 

decoupling methods. In [116] a multi-objective optimization 

model is proposed for robust micro grid planning, on the basis 

of economic robustness measure. The efficacy of the model is 

successfully applied into Taichung Industrial Park in Taiwan, 

where significant amount of greenhouse gases are emitted and 

concluded that proposed model provides an efficient decision-

making tool for robust micro grid planning at the preliminary 

stage. 109) In this paper an Incentive Based Demand 

Response Program isincorporated and optimal dispatch 

strategy is obtainedby minimizing generators fuel cost, 

transaction costs of the transferablepower and maximizing the 

microgrid operator's demand response. Results of the 

proposed model show that the demand response program 

curtails significant grid relieving amounts of energy and 

optimality at both the supply and demand spectrum of the 

grid. 

[61] Proposed an optimal power flow controller, (the purpose 

of which is to control the active and reactive power current 

connecting micro grid to the main), for micro grid operation 

which is utility connected. ,an intelligent search algorithm 

PSO is  used to  execute the real time self tuning method 

.Here execution of the self tuning method is to share the load 

equally in varying load conditions. An original approach and 

computational method to assess the impact of DG on 

investments deferral in radial distribution networks in the 

medium and long-term have been presented. This approach 

models the stochastic nature of load demands and DG energy 

productions. The impact of DG penetration levels and 

different DG locations along the network have been analyzed 

in [140] Results show that, once initial reinforcements to 

accommodate DG connection have been implemented, DG 

could defer network investments in the face of expected 

natural load growths. In addition, DG technology impacts on 

investments deferral are different. Results show that 

photovoltaic and CHP plants have a more positive impact than 

wind turbines, due mainly to a highest randomness of wind 

energy production. Finally, DG concentration along the feeder 

has also an important effect on investment deferrals. The more 

dispersed DG units are located along the network the better is 

their impact. This effect is explained because the 

improvement of DG total availability and the complementary 

energy production patterns from DG units. A micro-grid 

model is proposed in [120] which integrates the grid 

connected power plants driven by renewable energy sources 

employing micro hydro (MHP) and photovoltaic system (PV) 

and proposed model is analyzed using HOMER and 

MATLAB software. Simulation results show that model has 

lowest energy cost, greatest reduction of CO2 emission and 

largest fraction of renewable energy and the PV power 

generation was always recommended with a minimum 

capacity. 

 

MICRO GRID WITH WIND ENERGY CONVERSION 

SYSTEM 

A model which includes the wind energy conversion system 

(WECS) generator is developed in economic dispatch (ED) 

problem in [57]. In this paper the optimization is done on a 

Weibull probability density function based stochastic wind 

speed characterization which is numerically solved for a state 

including the combined conventional and wind-power plants. 

In [160] a model is developed for stochastic 

economic/emission dispatch of thermal/wind/solar hybrid 

generation system considering the cost of modern thermal 

units with multiple valves point effect, polluting gases 

emission and factors for both overestimation and 

underestimation of available wind and photovoltaic power. 

[117] deals with the impact of policy decisions on optimal 

micro grid design. A micro grid, containing the solar photo 

voltaic, , micro turbines, wind turbine, gas-fired boiler, 

electric boiler, and a battery bank, is considered here. The 
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analysis on the optimal design of the micro grid is done under 

various policy scenarios like emission taxation and reduction, 

and minimum system autonomy. 

  

PROBLEM FORMULATION 

With simultaneous optimization of all four objectives cost, 

emission, loss and heat it is difficult to find the best solution 

when multiple objectives may be considered at a time. 

Therefore a fuzzy satisfaction degree may be computed for 

each objective for every solution. The overall satisfaction 

degree may be found based on the minimum satisfaction 

degree for all objectives. For each objective may be 

individually optimized using single objective optimization 

technique. After that all four objectives may be combined into 

a single function using an assigned weight and price penalty 

factor approach. 

Single Objective Optimization 

A. Minimum Cost Dispatch 

First, cost objective given in (1) may minimized individually 

using single objective formulation. 

)(
2

11 i

N
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B. Minimum Emission Dispatch 

Then the emission objective given in (2) may be minimized 

individually using single objective formulation. 
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2

12 i

N

i iiii PGPGOf  
  

C. Minimum loss Dispatch 

Here loss objective given in (3) may be minimized 

individually using single objective formulation. 
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D. Maximum Heat Dispatch 

Here Heat objective given in (4) may be maximized 

individually using single objective formulation. 
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2
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E. Multi-objective optimization 

Then cost, emission, loss & Heat may be simultaneously 

optimized using price penalty factor (PPF) approach to solve 

multi-objective optimization problem given in equation (5). 
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F. Equality and inequality constraints 

Combined economic emission dispatch with heat & loss 

optimization may be carried out for a micro- grid having CHP 

units; optimal dispatch is computed for an assumed load 

profile for dynamic ED problem. The objectives specified in 

(1)-(6) are optimized subject to the subsequent limits. 

1) Power Balance 

 


N

i LDi PPPG
1

0 

Network Loss PL can be considered using Kron’s Loss 

Method given below: 

   


N
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(8) 

Where Bij,,ij=1,………N are called loss co-efficient; their  

units are MW-1 

2) DERs Capacity Limits Constraint 

Power produced by DERs shall be within the defined lower 

limit PGimin and upper limit PGimax, so that 

 

maxmin iii PGPGPG 


3) Ramp Rate Limits Constraint 
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4) Heat Balance Inequality Constraint 

 

Heat output (HO) of Diesel Generator(Dg) and Micro turbine 

(Mt) are proportional to their respective electrical output, 
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Heat Balance inequality constraint is as follows: 

D
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i is proportionality constant 
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Earlier Many techniques were suggested to minimize the 

emission for economic dispatch. In this paper many are 
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discussed.. 

G.  Price Penalty Factor Approach: 

The multi-objective optimization problem is converted into 

single objective one through price penalty factor (PPF) by the 

formula described as: 
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In order to find optimal economic dispatch cost, basic gaseous 

emission, generated Heat and the energy loss may be 

considered simultaneously. The complex multi-objective 

problem can be formulated as: 

 )(..,)(..),(..),(.. 4321 iiii PFOPFOPFOPFOCMin  

Above functions are correspond to economic fuel cost, 

emission, Loss ,& Heat respectively. When weighing factor is 

considered the MOF gets converted into SOF problem which 

can be formulated as: 

 )(),(),(),( 4321 iofiofiofiof PSDPSDPSDPSDCMin 
         

 (19) 

 

ECONOMIC DISPATCH 

Static Load Dispatch 

Static economic dispatch gives the economic dispatch 

solutions for a static or fixed load conditions. In this type of 

economic dispatch problem it is assumed that the load is fixed 

for 24 hrs. Flower pollination algorithm (FPA) is applied to 

optimize the generation schedule in [190] because of the 

robustness of this algorithm for solving the non linear 

problems, here the effects of the wind power integration in 

power network for static load dispatch problem have been 

analyzed. Stochastic nature of wind is solved by Weibull 

distribution function. A static and a dynamic economic 

dispatch problems are solved in [153] using the artificial 

neural networks. Here this method has been tested on a 

standard IEEE 30 bus system results obtained here shows that 

the neural networks  method give better results than the 

classical method. A number of real life scenarios relating to 

resource management in micro grids are modeled as multi-

objective optimization formulations. In [91] author has 

investigated the various optimization objectives with respect 

to designing, planning and operation of micro grids and Some 

mathematical formulations for resource management in micro 

grids have also been tabulated. 

Dynamic Load Dispatch 

In dynamic economic load dispatch problem varying load for 

24 hrs of the day is considered.[11] Gives the multi objective 

PSO technique for optimization dynamic economic load 

dispatch problem. [30] Presents a review of the research of the 

optimal power dynamic dispatch problem. The dynamic 

economic dispatch problems differ from the static economic 

dispatch problem by incorporating ramp rate constraints of 

generators. A dynamic multi objective optimal dispatch 

(DMOOD) for wind-thermal system with a hybrid flower 

pollination algorithm (HFPA) is given in [5].In this paper the 

cost ,emission and loss are simultaneously minimized with 

intricate constraints like ramp limits ,valve point loadings, 

spinning reserve, and prohibited zones together with the 

inclusion of the cost of wind power uncertainty The projected 

HFPA improves the exploration & exploitation strength of the 

flower population which conducts the search. In the HFPA the 

flower pollination algorithm (FPA) and differential evolution 

(DE) algorithm are incorporated to maintain good solutions 

and to prevent premature convergence. A 5-class, 3-step time 

varying fuzzy selection mechanism (TVFSM) is included with 

HFPA for solving multi-objective problems. The TVFSM 

finds a fuzzy selection index (FSI) by aggregating different 

conflicting objectives. The FSI is adopted as the worth 

standard while updating the population. Gaussian membership 

function is applied to compute FSI in such a way that extreme 

solutions are filtered out and trade off solutions on the central 

portion of the Pareto-front are obtained. The HFPA-TVFSM 

approach successfully searches the optimal solution which 

fulfils all the three objectives optimally. 

Another Dynamic Economic and Emission Dispatch model is 

again developed in [6], with security constraints, for a system 

including wind, pv and non-convex thermal units. Weighted 

sum method is applied to facilitate particle swarm 

optimization (PSO) to resolve environmental/economic multi-

objective (MO) task. The optimization is meant at minimizing 

the cost function and emissions of the system while fulfilling 

all operational constraints in view of both conventional and 

renewable energy generators. An overview of dynamic 

economic dispatch problem is detailed in [30] ,an Artificial 

Intelligence (AI) techniques and hybrid methods are used to 

solve the complex problems. The DED problem in 

deregulated electricity markets is also described here. 

Formulations of the dynamic economic dispatch problem are 

given in section II in this paper.   The dynamic dispatch 

problem differs from the static economic dispatch problem by 

incorporating generator ramp rate constraints. [158] outlines 

the two formulations (i) optimal control dynamic dispatch 

(OCDD) (ii) dynamic economic dispatch (DED) is elaborated, 

then presented an overview on the mathematical optimization 

methods, Artificial Intelligence (AI) techniques and hybrid 

methods used to solve the problem incorporating extended 

and complex objective functions or constraints. 

 [203] paper presents dynamic environmental economic 

dispatch (DEED) model in which the total fuel cost and 

emission is optimized as conflicting  objectives over a 

dispatch period and nonlinear factors of  the generators ‘ramp 
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rate limits, valve point effect, power load  variation and power 

losses are taken into consideration. Simulation results show 

that proposed method has higher performances and better 

potential applications. 

 

TYPES OF  OPTIMIZATION 

Single objective optimization 

A linear programming model based cost minimization model 

is designed to choose the optimal system operation schedule 

for micro grid is presented in [17]. Optimal planning and 

design for the micro grid based on renewable energy is given 

in [53]. In this paper the cost minimization is the main 

objective of the planning and analysis which is done on 

HOMER software. this analysis confirms that the micro grid 

is more favorable when it is connected to the external grid s 

far as the cost is concerned also the micro grid based only on 

renewable energy is the most environment friendly  as 

compared with other grid with any other traditional power 

generators  like diesel generators  etc.. A generalized 

formulation is presented to determine the optimal operating 

strategy and cost optimization scheme for a Micro Grid and 

Mesh Adaptive Direct Search (MADS) algorithm is used to 

optimize the cost function of the system to meet the customer 

demand and safety of the system [126].  

An efficient hybrid heuristic search  method is given in [166] 

to solve the realistic economic dispatch problem which 

considers several nonlinear characteristics of generators, and 

also their operational constraints, like transmission losses, 

multi-fuel options ,valve-point effects, , ramp rate limits , 

spinning reserve and prohibited operating zones,. The 

comparison of results obtained confirm the efficacy of the 

presented technique .[195] presents the design and application 

of an efficient hybrid heuristic search method to solve the 

practical economic dispatch problem considering many 

nonlinear characteristics of power generators ,and their 

operational constraints, such as transmission losses, valve-

point effects, multi-fuel options, prohibited operating zones, 

ramp rate limits and spinning reserve. A hybrid DE algorithm 

which is based on particle swarm optimization is presented to 

solve the nonconvex economic dispatch problems. The 

usefulness of the presented technique to obtain the precise and 

reasonable optimal solutions for realistic ELD problems is 

confirmed by the comparison of the results obtained. The 

Direct search (DS) methods are used to solve optimization 

problems. [172] presents a new approach based on a 

constrained pattern search algorithm to solve economic 

dispatch problem (SCED) with non-smooth cost function. The 

outcome of the simulation results proves that pattern search 

(PS) algorithm is effective and also shows the ability in 

handling highly nonlinear discontinuous non-smooth cost 

function of the SCED.    

 [181] proposed a flexible algorithm to solve the combined 

heat and power (CHP) economic dispatch problem which can 

be solved in two levels i.e. higher level and lower level. 

Optimization of the alternate dual function for the fixed global 

constraints in which the alternate sub gradient is applied to 

update the Lagrangian multipliers, is the higher level 

optimization Comprehensibly the optimizing of the sub 

problems considering its local constraints is called as the 

lower level optimization. Results show that proposed 

algorithm is very reliable for much complex and nonconvex 

EED problems. Modified Hopfield approach is investigated in 

[188] to solve Economic dispatch (ED) problems with 

transmission system representation through linear load flow 

equations and constraints on active power flows. All the 

internal parameters Modified Hopfield networks are 

calculated using valid-subspace technique and internal 

parameters guarantee the network convergence to feasible 

equilibrium points results into the solution for the ED 

problem. [192] aimed to explore the results & performance of 

the various evolutionary algorithms (EAs) such as the Real-

coded Genetic Algorithm (RGA), Particle Swarm 

Optimization (PSO), Differential Evolution (DE) and 

Covariance Matrix Adapted Evolution Strategy (CMAES) to 

solve the multi-area economic dispatch (MAED) problems. 

The simulation results reveal that CMAES algorithm performs 

well in terms of results, its quality and consistency. Karush–

Kuhn–Tucker (KKT) conditions are applied to the solutions 

obtained using EAs to confirm the optimality. An optimal 

scheduling model for a hybrid energy microgrid considering 

the building based virtual energy storage system (VSS) is 

presented in [101]. The Numerical studies results demonstrate 

that the proposed model will provide effective and economical 

scheduling scheme and reduction in operation costs for 

microgrid. 

[194] identify a new Hopfield neural network approaches to 

solve economic dispatch problems and a new mapping 

technique is identified for quadratic programming problems 

with equality and inequality constraints. Quasi-Oppositional 

Swine Influenza Model Based Optimization with Quarantine 

(QOSIMBO-Q) is presented in [52] to minimize the operation 

cost of micro grid and it is concluded here that the proposed 

algorithm provides better results than other optimization 

techniques. In [89] a methodology is presented that combines 

an EA for sizing and MILP for scheduling. Simulation results 

show that the operation strategy, initial conditions, time 

resolution as well as uncertainty on input data influence the 

sizing of the components, and consequently the total cost of 

the micro grid. A compendium of optimization objectives, 

constraints, tools and algorithms for energy management in 

micro- grids is provided in [90]. A brief  review of Linear 

optimization, non-linear optimization, integer and mixed 

integer optimization and stochastic optimization is described 

for Micro grid energy management. The proposed approaches 

in this paper will provide bench mark for further research of 

the cost effective energy management techniques for Smart 

Micro grid Network (SMN). 
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MULTI OBJECTIVE OPTIMIZATION 

For wind included grid with reserve constraints Multi-period 

multi-objective optimal dispatch (MPMOOD) is presented [1]. 

In this paper a new multi-objective Series PSO-DE (SPSO-

DE) hybrid algorithm is projected where the two paradigms, 

particle swarm optimization (PSO) and differential evolution 

(DE) allocate domain information and preserve a synergistic 

collaboration to beat their individual flaws. Gaussian 

membership function is employed to support convergence 

towards the central part of the Pareto front and to promptly 

segregate the boundary solutions,. The proposed technique 

expedites the search for the finest solution, i.e. the result 

which satisfies all the objectives of the MO problems.  

A comprehensive formulation to establish the optimal 

scheduling which includes the cost and emission minimization 

in the micro gird is given in [58].Here the given formulation 

considers the operation and maintenance cost  and reduction 

of emission of the noxious gases like NOx, SO2 and CO2 . In 

this paper the Multi objective Mesh Adaptive Direct Search 

(MOMADS) algorithm is used to solve the optimization 

problem. At last the comparison of the proposed method of 

optimization is given with Multi objective Sequential 

Quadratic Programming (MOSQP) optimization method . An 

improved economic dispatch (ED)  model considering cost 

and emission is developed in [65].this model also considers 

the two concepts from the deregulated electricity market ,first 

is the environmental protection and second one is the energy 

conservation. [92] examined the annual 

economic/environmentally optimal operation of a Low 

Voltage Micro grid with DG capabilities. Recently, 

Distributed Generation Technologies have gained more 

attention because of the steady decrease of fossil fuel use and 

increased load demand. The optimization model includes high 

penetration of Fuel Cell units and Renewable Energy Sources.  

In [122] quasi-oppositional teaching learning based 

optimization (QOTLBO) is proposed for solving non-linear 

multi-objective economic emission dispatch (EED) problem. 

The simulation results demonstrate that the proposed 

algorithm has much better operational fuel cost and emission 

with computational time compared to other available 

optimization techniques. A generalized formulation is 

investigated to find out the optimal operating strategy in 

[125]. The typical MG consists of a wind turbine, a micro 

turbine, a diesel generator, a photovoltaic array, a fuel cell, 

and battery storage. The Multi objective Mesh Adaptive 

Direct Search (MOMADS) is applied to minimize the cost 

function of the system while constraining it to meet the 

customer demand and safety of the system and simulation 

results demonstrate the efficiency of the MOMADS approach 

to meeting load with reduction in cost and the emissions.      

Hopfield neural networks approach is used for solving fuel 

constrained economic emission load dispatch problems of 

thermal generating units in [130]. The comparison of results 

shows that fuel consumption is controlled by adjusting the 

power output of various generating units so that power system 

operates within its fuel limitations and contractual constraints.  

In [141], a novel approach to the environmental economic 

dispatch using a standard nonlinear multi objective 

programming technique has been introduced. The simulation 

results are compared with the genetic algorithm with 

arithmetic crossover and neural network approach based on 

improved Hopfield neural networks and finds that 

performances of the proposed approach is much better than 

GAAC and NNA. A comparative analysis has been carried 

out on the solutions obtained using combined economic 

emission dispatch(CEED) problem considering line flow 

constraints with a objective is to minimize the cost of power 

generation [145]. Intelligent techniques such as genetic 

algorithm (GA), evolutionary programming (EP), particle 

swarm optimization (PSO), and differential evolution (DE) 

are applied to obtain CEED solutions. The final simulation 

results of proposed approach are compared in terms of 

solution time, total production cost and convergence criteria. 

The basic idea behind environmentally constrained economic 

dispatch is to estimate the optimal generation schedule of 

generating units so the fuel cost and harmful emission levels 

are minimized for a given load demand. Therefore a multi-

output modified neo-fuzzy neuron (NFN) approach is 

proposed in [163] for economic and environmental power 

generation allocation. This approach is tested on medium-

sized sample power systems and found suitable for on-line 

combined environmental economic dispatch (CEED). In [167] 

multi- objective optimization based solution is used for 

combined economic-environmental dispatch issue which is 

multidimensional, non-linear, non-convex and highly 

constrained problem. Main objective of proposed method is 

search an optimal solution for the dynamic combined 

economic-environmental dispatch problem associated to real 

power systems. In [168]  an adaptive Hopfield neural network 

(AHNN) based methodology is used where slope of the 

activation function is adjusted for Pareto solutions for the 

multi-objective optimization problem of emission and 

economic load dispatch (EELD). Convergence characteristic 

of AHNN is nearly 50% faster than the non-adaptive version. 

[201] presents modified neo-fuzzy neuron (MNFN)approach 

for on-line environmental and economic dispatch of 

generating units in a power system and simulation results 

demonstrate MNFN approach is capable of producing global 

optimum results within a very short time. 

A mixed integer linear programming (MILP) model is 

proposed in [119] to schedule the energy consumption within 

smart homes using a micro grid system. Here the daily power 

consumption is planned in a multi-objective optimization with 

e-constraint method by coupling environmental and economic 

sustainability. Here the objective is to minimize the two 

conflicting objectives i.e. the daily energy cost and CO2 

emissions. The micro grids are used to provide local energy 

with less expenses and gas emissions by utilizing distributed 

energy resources(DER) and optimal design of DERs within 

CHP-based micro grids plays an important role in promoting 

the penetration of micro grid systems. The simulation results 
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show that the installation of multiple CHP technologies has a 

lower cost with higher environmental saving compared to 

other available technologies and micro grid works more 

efficient way when applies multiple technologies [118] . [111] 

presents an effective multi-objective model based 

optimization approach for the optimal sizing of components. 

The k-means algorithm itself is embedded in an optimization 

problem for the calculation of the optimal number of clusters. 

A new multi-objective optimal planning model is presented in 

[98] for medium voltage stand-alone micro grid(SAMG) and 

to avoid the power constraint of distributed generation (DG) a 

novel two-step power dispatch control method  is proposed in 

which the absorption of distributed power by energy storage 

system (ESS)and the reactive adjustment are used to regulate 

voltage. The goal of this paper is to search the Pareto-optimal 

front of the site and capacity of DG. 

[104] presents a approach based on modified neo-fuzzy 

neuron (MNFN) for on-line environmental and economic 

dispatch of generating units in a power system. Being a hybrid 

fuzzy neural network, MNFN outperforms both fuzzy logic 

system (FLS) as well as ANN-based system. The results 

shows that the MNFN approach is able to the produce global 

optimum solution within a short time. A multi-objective 

optimization based method was presented in [106] for solution 

of combined economic-environmental power dispatch 

problem. The proposed method was applied on different 

representative thermal and hydrothermal power systems and 

application of method will result in real-time solutions for the 

combined economic- environmental dispatch. 

 

SOLUTION OF ECONOMIC EMISSION DISPATCH 

PROBLEM USING DIFFERENT ALGORITHMS 

Genetic algorithm 

Genetic algorithm (GA) is a stochastic optimization soft 

computing technique which is based on the biological 

concepts. A principle of Charles Darwin’s theory of ‘survival 

of the fittest’ is followed by this evolutionary algorithm. In 

this first the solution population i.e. chromosomes is 

initialized which is then presented as vector of ‘n’ number of 

bits. An appropriate fitness function is applied to assess the 

fitness of each chromosome based on which, the best is 

selected and then it undergo through crossover and selection 

,then finally get the final solution . 

Multi-objective environmental/economic dispatch problem is 

solved by the use of niched Pareto genetic algorithm (NPGA), 

the advantage of which is that there is no limit on the number 

of optimized objective and it has a diversity-preserving 

mechanism to overcome the premature convergence problem 

[12]. Design and operation of ADNs using the multi micro 

grids concept is given in two stages in [37] ,here the problem 

is implemented in IEEE standard 33-bus distribution system   

and solved by NSGA-II algorithm.   ESDs were added to the 

test ADN to minimize the cost of energy in first stage, . In the 

next stage, the projected approach was concluded by testing 

the chances of MG structure in the customized AND, The 

operation of ADNs was carried out by integrated management 

of all distributed energy resources(DERs) using probabilistic 

forward-backward load flow using Monte Carlo simulation 

(MCS) algorithm. The results of the proposed model are 

compared with conventional operation method in different 

scenarios. A hierarchical clustering algorithm, a novel 

approach based on the NSGA is presented in [13] to solve 

economic emission dispatch problem with competing and 

noncommensurable objectives and a fuzzy based mechanism 

is used to get the best compromise solution, also a diversity 

preserving mechanism is used to get the Pareto optimal set of 

solutions. 

In [66] the multi objective optimization problem of combined 

economic environmental dispatch is solved by the Classical 

genetic algorithm, the optimal solution is derived from the 

weighted sum method. The results obtained here are analyzed 

and compared with different other optimization techniques 

presented in this paper. A model is designed for stochastic 

economic/emission dispatch of thermal/wind/solar hybrid 

generation system considering multiple valves point effect, 

polluting gases emission and factors for both over estimation 

and under estimation of available wind and photovoltaic 

power [123]. A multi-objective controlled elitist NSGA-II 

algorithm is proposed to derive a set of Pareto-optimal hybrid 

system and best solution are obtained using Fuzzy cardinal 

priority ranking.  With the depletion of fossil fuel resources 

and increase in demand, Distributed Generation (DG) have 

received more attention in Smart Micro Grid (SMG) systems 

that integrate new and renewable energy generation systems 

connected to the standard main grid. In [128] quantum genetic 

algorithm approach confirms the accuracy and validity of a 

mathematic model using practical examples and the same was 

used to solve the economic dispatch problem. Quantum 

Genetic Algorithm (QGA) is used to solve dynamic economic 

dispatch problem in [211] and quantum bit coding is adopted 

for coding of the problem itself. QGA algorithm is best to 

minimize the cost and very beneficial to conserve energy. 

In [135]  fuel cost is calculated by optimizing the generated 

power by applying particle swarm optimization (PSO), 

Genetic Algorithm (GA), and integration of GA and PSO 

fuzzy optimization ,along with condition of satisfying the 

power system constraints which will improve the performance 

of average fitness obtained with the help of optimal power 

flow method. An ε-dominance-based multi objective genetic 

algorithm approach is presented in [157] for solution of 

economic emission load dispatch (EELD) optimization 

problem. The EELD problem is formulated as a non-linear 

constrained multi objective optimization problem with both 

equality and inequality constraints. The simulation result 

indicates the capability of the proposed strategy to generate 

true and well-distributed Pareto optimal non-dominated 

solutions of the multi objective EELD problem in one single 

run. [159]  gives the non dominated sorting genetic algorithm 

II (NSGA-II) which lessen the problems like computational 

complexity , non elitism approach, and the need for specifying 
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a sharing parameter that are faced in Multi objective 

evolutionary algorithms (EAs) . Simulation results found here 

show that the proposed NSGA-II, is able to get far better 

extend of solutions and improved convergence near the exact 

Pareto-optimal front compared to two other elitist MOEAs i.e. 

Pareto-archived evolution strategy and strength-Pareto EA 

that pay particular consideration to generate a diverse Pareto-

optimal front. Simulation results of the constrained NSGA-II 

are compared with another constrained multi objective 

optimizer and found much improved performance of NSGA-

II.  

Genetic Algorithms (GA) technique is popular in academia 

and industry because of its intuitiveness, ease of 

implementation and ability to effectively solve highly non-

linear, mixed integer optimization problems whereas particle 

swarm optimization (PSO) technique is very new heuristic 

search method whose mechanics are inspired by the swarming 

behavior of biological populations. In [162] the application 

and performance comparison of PSO and GA optimization 

techniques are used for flexible ac transmission system 

(FACTS) based controller design with the objective to 

improve power system stability. The performance of both 

optimization techniques are compared based on computational 

effort, computational time and convergence rate. An efficient 

procedure based on real-coded genetic algorithm (RCGA) is 

proposed in [164] for solving the economic load dispatch 

(ELD) problem with continuous and no smooth/ nonconvex 

cost function and with various constraints. From the 

simulation test results it has been observed that proposed 

RCGA method is more efficient looking to the thermal cost 

minimization and convergence time for solving the ELD 

problem. 

[161 give a new version of MOEA/D based on differential 

evolution (DE), i.e., MOEA/D-DE, and compares the 

proposed algorithm with NSGA-II with the same reproduction 

operators. The practical results obtained show that the 

MOEA/D technique can give significantly better results than 

NSGA-II. [178] presents a novel algorithm-Isolation Niche 

Immune Genetic Algorithm (INIGA) based on Bid-Based 

Dynamic Economic Dispatch (INIGA–BDED). This model is 

proposed to maximize the social profit under a competitive 

electricity market environment. The proposed approach 

ensures diverse group solutions having strong ability to guide 

evolution. [184] presents nondominated sorting genetic 

algorithm-II for solving the dynamic economic emission 

dispatch problem formulated as a nonlinear constrained multi-

objective optimization problem. The approach has very good 

performance in finding the diverse set of solutions and in 

converging near the true pareto-optimal set.  

[189] addresses a novel method elitist evolutionary multi 

objective genetic algorithm variable (ev-MOGA)for solving 

the multi-objective economic load dispatch (ELD) problem. In 

this study, the results of the proposed ev-MOGA algorithm is 

compared with other classic and intelligent algorithms and 

found that the results obtained by ev-MOGA have good 

computationally efficient having stable convergence 

characteristics with superior quality& accuracy. In [197] a 

hybrid approach combination of Genetic Algorithm (GA), 

Pattern Search (PS) and Sequential Quadratic Programming 

optimization (SQP) is proposed to study economic dispatch 

problems considering the valve point effect. The results shows 

that proposed method outperforms in terms of better optimal 

solutions and significant reduction of computing times for 

more complicated problems with larger number of units. An 

efficient hybrid genetic algorithm (HGA) method is used for 

solving the economic dispatch problem (EDP) with valve-

point effect is presented in [198].  In order to improve the 

performance of algorithm,  proposed HGA method combines 

the GA algorithm as main optimizer with the differential 

evolution (DE) and sequential quadratic programming (SQP) 

technique to fine tune the solution of the GA run. The final 

solution reveals the superiority and accuracy of the proposed 

hybrid methodology to solve the EDP with value-point 

effects. [199] presents an efficient method for solving the 

economic dispatch problem (EDP) through combination of 

genetic algorithm (GA), the sequential quadratic programming 

(SQP) technique, uniform design technique, the maximum 

entropy principle, simplex crossover and non-uniform 

mutation. This hybrid approach  uses GA as the main 

optimizer, SQP to fine tune in the solution of the GA run and 

result shows the improvement in solution, accuracy and 

reliability compared to other method used for solving EDP 

considering valve-point effects. [202] proposes a hybrid 

approach integrating shuffled frog leaping algorithm (SFLA) 

with Genetic Algorithm (GA) as modified shuffled frog 

leaping algorithm (MSFLA) for solving constraint economic 

dispatch problems considering valve point non-linearities of 

generators. Simulation results shows MSFLA approach is well 

suited for non-smooth and non-differentiable test systems. In 

future, MSFLA method can be applied in power system 

optimization problems such as optimal power flow, voltage 

control, optimum capacitor placement, feeder balancing and 

soon. [206] This paper proposes a hybrid method using 

Genetic Algorithm (GA) with Active Power Optimization 

(APO) algorithm based on Newton’s Second Order (NSO) for 

solution of nonconvex economic dispatch problem. The 

simulation result is compared with GA approach, show a 

significant reduction in generation cost and is exponential 

with the increase in system size. Non dominated sorting 

genetic algorithm-II approach is used to solve combined heat 

and power economic emission dispatch problem in [207]. 

Here the simulation results are compared with result obtained 

from strength pareto evolutionary algorithm 2 and found that 

used approach has competitive performance in terms of 

solution quality and better CPU time. In [107] a mutli-

objective HS-GA algorithm method was proposed which 

includes minimizing DG’s costs ,improving voltage profile 

and increasing voltage stability of MG .In the proposed HS-

GA method mutation and crossover operators is used to 

enhance the local search ability and develop the convergence 

rate and simulation results show effective improvement in 

MG operation and reducing its cost. 
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EP and ESs 

Evolution strategy (ESs) is an optimization algorithm which is 

based on evolution and adaptation theory , is stimulated by 

macro-level process of evolution (phenotype, variation, 

hereditary) .This is very similar to GA in which it deals with 

micro level process of evolution (chromosomes ,genome, , 

genes, alleles). The basic feature of ES is that the mutation 

process is controlled by self-adaptive mechanisms. 

Evolutionary programming (EP) uses probabilistic tournament 

method and therefore it presents variety of solution. Here 

there is a chance of survival of individual with low fitness 

which is based on probability of their contender have fitness 

which is even lower than that.  

The assessment of available transfer capability (ATC) with 

capacity benefit margin (CBM) and transmission reliability 

margins (TRM) of power systems with combined economic 

emission dispatch (CEED) is done in [152]. ATC is a measure 

of unutilized capability of transmission system subjected to 

wheeling transactions without violating transmission 

constraints at given time and load. The Newton Raphson 

power flow method and Evolutionary Programming (EP) 

algorithm has been combined for ATC calculation considering 

CBM,TRM and economic emission dispatch. The simulation 

results are quite better and useful for present deregulated 

environment. It was also find that the chemo-tactic step size 

taken in this approach leads the solution to reach the global 

optimum satisfying all the constraints. A hybrid methodology 

integrating bee colony optimization with sequential quadratic 

programming is used to solve the dynamic economic dispatch 

problem of generating units having valve-point effects. 

Simulation results are compared from hybrid of particle 

swarm optimization and sequential quadratic programming 

and hybrid of evolutionary programming and sequential 

quadratic programming [177]. 

In [191] an integrated algorithm based on Evolutionary 

Programming (EP) and Simulated Annealing (SA) is used to 

solve the Economic Load Dispatch (ELD) problems. The 

classical methods used for solving ELD are calculus-based we 

may be have difficulties in the finding the global optimum 

solution for non-differentiable fuel cost functions.  By using 

the proposed approach we are capable of determining the 

global or near global optimum dispatch accurate solutions 

within reasonable time for any type of fuel cost functions. 

[209] Describes Particle Swarm Optimization (PSO) and 

Classical Evolutionary Programming (CEP) approach to solve 

economic dispatch (ED) problems having multi-area ED with 

tie line limits, ED with multiple fuel options, combined 

environmental economic dispatch and ED of generators with 

prohibited operating zones. The test results shows PSO 

method is having only one population in each iteration 

whereas in the CEP method has two populations in each 

iteration i.e. the parents and the children. It makes PSO has 

faster computational capability and convergence characteristic 

than CEP method therefore it can be applied to a wide range 

of optimization problems. 

Differential evolution 

Differential evolution (DE) is a stochastic search process 

based on population that works on the general outline of EAs. 

The DE algorithm was first presented by Storn and Price in 

1995 [64]. DE operates on three parameters; crossover, 

mutation, and selection to get the final solution from initial 

population. Three main control parameters are in Differential 

evolution algorithm i.e. size of the initial population (NP), 

crossover (Cr) and the mutation factor (F),. This algorithm has 

simple framework, faster convergence. Modified DE which is 

based on sequential quadratic programming method can find 

the search space rapidly with a gradient direction but its 

approach to search local gradient is more sensitive to the 

initial points and generally gets trapped at a local best 

solution. 

In [9] the Modified Differential Evolution (MDE) technique is 

presented to solve the non-convex Economic dispatch 

Dispatch problem. MDE is the new efficient stochastic search 

technique in which the positive characteristics of DE, PSO, 

GA, and SA.In this paper a new mutation operator inspired 

from PSO and GA and a new selection mechanism inspired 

from SA are introduced. And the paper shows that the MDE 

technique is having more capabilities and the robustness than 

the individual technique. [20] gives in detail the differential 

evolution theory is a new heuristic simple, and efficient 

adaptive  approach to minimize the nonlinear and non 

differentiable functions over  continuous spaces. This paper 

compares the DE with Adaptive Simulated Annealing (ASA) 

and Annealed Nelder and Mead (ANM) approach and shows 

that the DE is more superior than both of them Also the same 

combined economic emission dispatch problem for a large 

scale system is solved by ANN approach in [22].  

A novel comprehensive operation model for micro-grids 

(MG) operating in the islanded mode is presented in [29] in 

which a new multi-cross learning-based chaotic differential 

evolution (MLCDE) algorithm is presented to solve the 

optimization problem of MG operation. Here the numerical 

results obtained in the paper are compared with the results of 

several other recent optimization methods to check the 

validity of the given approach. The results and comparisons of 

this approach for three different MG cases authenticate the 

algorithm.  

Multi-objective differential evolution (MODE) algorithm is 

presented in [121] for environmental/ economic power 

dispatch (EED) problem which is formulated as nonlinear 

constrained multi-objective problem with competing and non-

commensurable objectives of fuel cost, emission and system 

loss. Simulation results demonstrate that MODE algorithm is 

capable to generate well-distributed Pareto optimal non-

dominated solutions of multi-objective EED problem. 

Planning of optimum fuel energy management of a CHP-

based micro grid requires strategic deployment of DERs based 

on their optimal locations, sizes & technologies which are 

selected, by loss sensitivity index (LSI) and differential 

evolution (DE) algorithm. The optimal fuel cost is obtained 
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from the proposed approach and to decide better investment 

option economic comparison is done based on payback period 

(PP), internal rate of return (IRR) and net present value (NPV) 

of the micro grid and simulation results of DE are confirmed 

and compared with particle swarm optimization (PSO) 

technique [129]. An estimation of distribution and differential 

evolution cooperation (ED-DE) algorithm is proposed for 

solving the Economic Load Dispatch (ELD) optimization. The 

ED-DE algorithm provides robust and accurate solutions even 

for difficult large scale ELD problems and also hope to 

stimulate and find more research on serial cooperative 

framework-based algorithms for practical engineering 

applications [136].   

 [130] provides an comprehensive analysis of that how the 

population initialization affects on Differential Evolution 

(DE) for large level optimization tasks. These analyses specify 

that the role of population initialization is more crucial in DE 

with a smaller size of population. However, this observation 

may be the consequence of insufficient convergence for large 

size of population, it needs more research. [213] proposes a 

novel hybrid shuffled differential evolution (SDE) algorithm 

for nonconvex ED problems solution. Results showed 

accurate and fast convergence performances with reduced 

generation costs. Hybrid model of DE & BBO (DE/BBO) 

approach for convergence speed of algorithm and improve 

solution quality to solve EELD problems is proposed in [214]. 

It has been observed that when complex fuel cost 

characteristic is taken for consideration than computational 

efficiency& quality is much better than other methods. A 

hybrid multi-objective optimization algorithm based on 

particle swarm optimization (PSO) and differential evolution 

(DE) approach is proposed in [146] to solve the highly 

constrained environmental/economic dispatch problem.  

Simulation results demonstrate the accuracy of the proposed 

approach which in turn confirmed its potential to solve the 

multi-objective EED problem.  

In [131] Differential Evolution (DE) algorithm was studied & 

applied for solving economic load dispatch (ELD) problems 

in power systems. DE has proven to be very effective in 

solving optimization problems in different domains and 

results was found much better in terms of quality of the 

solution obtained from other available methods. A differential 

evolution (DE) algorithm was proposed for solving economic 

load dispatch (ELD) complex and nonlinear problems having 

equality and inequality constraints in power systems [131]. 

DE has established itself to be the successful in solving many 

practical constrained optimization problems in different 

sphere of influences. Comparing with other approach, the 

proposed DE method was found much better with quality 

solution [171]. Adaptive hybrid differential Evolution 

(AHDE) algorithm has been proposed in [169] to solve 

dynamic economic dispatch (DED) problem with valve-point 

effects. In AHDE method, adaptive dynamic parameter 

control mechanism is applied to find out the value of the 

parameter CR of differential evolution (DE).Simulation 

results show that AHDE algorithm obtain good dispatch 

results with lower fuel cost in faster computational time with 

better solution quality and convergence property as compared 

to other methods. Dynamic economic dispatch (DED)with 

valve-point effects is a complicated non-linear constrained 

optimization problem with non-smooth and non-convex 

characteristics which can be solved through proposed three 

chaotic differential evolution (CDE) methods based on the 

Tent equation. The simulation results are compared with DE 

and other methods reveals that proposed approach in [179]  is 

capable of obtaining better quality solutions with higher 

efficiency. [213] proposes a novel hybrid shuffled differential 

evolution (SDE) algorithm for nonconvex ED problems 

solution. Results showed accurate and fast convergence 

performances with reduced generation costs. A differential 

evolution (DE) algorithm is proposed in [182] to solve 

emission constrained economic power dispatch (ECEPD) 

problem. The DE algorithm attempts to reduce the production 

of atmospheric emissions such as sulfur oxides and nitrogen 

oxides, caused by the operation of fossil-fuelled thermal 

generation and simulation results shows the effectiveness of 

the proposed DE algorithm. [186] presents a multi-objective 

differential evolution approach for solving economic 

environmental dispatch problem with competing fuel cost and 

emission objectives. Results are compared with pareto 

differential evolution, strength pareto evolutionary algorithm 

2 and nondominated sorting genetic algorithm-II and it has 

been found that multi-objective differential evolution 

approach provides a competitive performance in terms of 

solution as well as computation time. The approach is very 

simple, robust and efficient and does not impose any 

limitation on the number of objectives. 

 

Swarm intelligence-based algorithms 

Swarm Intelligence based Algorithm is defined as a 

distributed problem-solving strategy which is motivated by 

the combined behavior of animal societies  and social insect 

colonies . There are many such techniques which have been 

used by recent researchers to solve the myriad number of 

optimization problems in modern power system like particle 

swarm optimization (PSO), ant colony optimization (ACO), 

bacterial foraging (BFA), artificial immune systems (AIS), 

artificial bee colony (ABC) algorithm, group search optimizer 

(GSO), firefly algorithm (FFA)  

 

 Particle swarm optimization 

An improved coordinated aggregation-based particle swarm 

optimization (ICA-PSO) algorithm is introduced in paper [7] 

to solve the optimal economic load dispatch (ELD) problem in 

power systems. [10] Gives the multi objective particle swarm 

optimization (MOPSO) techniques for optimization. In this 

paper the ICA-PSO algorithm is tested on power systems with 

6, 13, 15, and 40 generating units and is compared with new 

state-of-the-art heuristic optimization techniques (HOTs), 

indicating better performance over them. In this algorithm 
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every particle in the swarm retain a memory of its finest 

position still encountered, and is involved only by other 

particles with improved success than its individual with the 

exclusion of the particle with the best achievement, which 

shift randomly. 

Furthermore, the population size is increased adaptively, the 

number of search intervals for the particles is chosen 

adaptively and the particles search the decision space with 

accuracy up to two digit points resulting in the improved 

convergence of the process. A fuzzified multi-objective 

particle swarm optimization (FMOPSO) is introduced in [14]. 

[15] Mentions the improved PSO technique for emission 

dispatch problem. To optimize the capacity of DG and 

operational strategy in micro grids, a hybrid method is 

presented in [31]  ,this hybrid optimization method detailed 

here is a combination of the particle swarm optimization 

(PSO) algorithm and the   quadratic programming (QP). [32] 

gives the summary of the economic dispatch problem using 

the particle swarm optimization techniques and it also 

suggests the further improvement scope in PSO in this field. 

[41] presented the multi-objective optimization for cost and 

emission objectives simultaneously solved with PSO and DE 

and then both are compared. 

Planning for Optimal allocation of DERs in 14 bus radial 

micro grid is given in [59], here the cost and emission 

optimization is done by PSO and the results are then 

compared with the results obtained by DE.. An autonomous 

micro grid is designed in [62] ,the task to design this grid is 

here given as an optimization problem, and solved by PSO 

algorithm by searching the optimal setting of the parameters 

which are to be optimized in micro grid. Also here in this 

paper the micro grid containing  distributed generation (DG) 

units, lines, loads, voltage, current  and power controllers, and 

LC Filters , coupling inductances, has been scrutinized using 

RTDS (Real time digital simulator) . Results came out in [62] 

confirms the micro grid stability and its effectiveness. The 

Conventional economic load dispatch problem uses 

deterministic models whereas Stochastic models are used for 

investigation of power dispatch problems. In [127] both 

deterministic and stochastic models are formulated and then 

improved particle swarm optimization (PSO) method is 

applied to deal with the economic load dispatch problem 

considering the environmental impact. In [133]  a novel 

(Fuzzy adaptive improved particle swarm optimization) 

FAIPSO algorithm is proposed to cope with multi-objective 

dynamic economic emission dispatch (DEED) problem by 

integrating wind power output of wind turbines. The 

stochastic DEED (SDEED) problem is also transformed into 

an equivalent deterministic scenario-based DEED and 

enhanced particle swarm optimization (PSO) algorithm is 

applied to get the best solution for the corresponding 

scenarios.  

Wind power is a source of clean energy and availability of 

wind power is highly dependent on the weather conditions 

therefore penetration of wind power into the grids may have 

some security implications. For economic power dispatch 

considering wind power penetration is a reasonable trade-off 

between system risk and operational cost. [154] presents a 

modified multi-objective particle swarm optimization 

(MOPSO) algorithm to develop a power dispatch scheme 

which can be able to reach a compromise between economic 

and security requirements. Quantum-behaved particle swarm 

optimization algorithm is used to solve the economic load 

dispatch problem of power system in [138]. In this algorithm 

superposition characteristic and probability representation of 

quantum methodology are combined. The simulation results 

validate that it can effectively solve economic load dispatch 

problem and solution is superior than other optimization 

algorithms. Non-convex economic power dispatch problem is 

solved using Particle Swarm Optimization (PSO) and Time 

Varying Acceleration Coefficients (TVAC) approach in [210]. 

In this approach, TVAC effectively handled the problem of 

premature convergence and rampant in PSO and results shows 

the PSO_TVAC approach has stable dynamic convergence 

characteristics, robustness and stability compared to other 

strategies for solving non-convex cases.   

The author has introduced CRAZYPSO algorithm in [142] to 

solve the economic load dispatch (ELD) problems with 

different types of non-smooth cost coefficients associated 

valve point loadings and up rate and down rate limits and 

other constraints for 40 generating units. The proposed 

CRAZYPSO algorithm out performs and provides true global 

optimal solutions comparing other techniques for economic 

load dispatch. Global optimization approaches inspired by 

swarm intelligence and evolutionary computation approaches 

have been used to solve the difficult Economic Dispatch 

Problems (EDPs). [143] proposed improved PSO approaches 

for solving EDPs that takes into account nonlinear generator 

features such as ramp-rate limits and prohibited operating 

zones in the power system operation. The main objective of 

[144] is to search a simple and effective method for the 

economic load dispatch (ELD) problem with security 

constraints in thermal units. Improved particle swarm 

optimization (IPSO) method is proposed for a new velocity 

strategy equation which is suitable for a large scale system 

and the features of constriction factor approach (CFA). CFA 

generates higher quality solutions than PSO approach. The 

IPSO approach takes care of security constraints and results 

show that the IPSO method is very effective in solving ELD 

problem. An efficient evolutionary economic load dispatch 

method is presented in [148]. Here the allocation of online 

power generators is done to minimize the cost of operation. 

Here the ‘‘crazy particles’’ are introduced to tackle the 

problem of premature local optima for irregular search space 

in GA and PSO technique and the velocities of those crazy 

particles are randomized to uphold the impetus in the search 

and to evade saturation. The results  of the PSO with the 

‘crazy particles’ found superior than GA and classical PSO. 

Particle swarm optimization (PSO) and differential evolution 

(DE) are the renowned recent optimization algorithms. [149] 

gives the comparative analysis for optimization with PSO and 

DE and it is concluded that the DE gives better results as far 
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as the  quality of the solutions and the repeatability are 

concerned. In [150] h-particle swarm optimization (h-PSO) 

based algorithm is applied to solve constrained economic load 

dispatch (ELD) problems of thermal plants. h-PSO algorithm 

takes care of constraints like transmission losses, ramp rate 

limits and prohibited operating zones and deals with non-

smoothness of cost function arising due to the use of valve 

point effects. The results confirm that proposed approach 

outperforms in terms of solution quality and computational 

efficiency. In [155] deterministic and stochastic models are 

formulated and thereafter modified particle swarm 

optimization (PSO) method is developed to deal with the 

economic load dispatch problem considering the 

environmental impact. The reliability indices can be 

introduced for ensuring power system adequacies which 

includes loss of load expectation (LOLE) and loss of energy 

expectation (LOEE) and so on. 

 [156] presents a modified particle swarm optimization 

(MPSO) for constrained economic load dispatch (ELD) 

problem. Real cost functions are more complex than 

conventional second order cost functions when multi-fuel 

operations, valve-point effects, accurate curve fitting, etc., are 

considering in deregulated changing market. MPSO 

accurately tracks the continuous change in solution of the 

complex cost function and no extra concentration/effort is 

needed for the complex higher order cost polynomials in 

ELD. A novel method combination of cultural algorithm (CA) 

and particle swarm algorithm (PSO) is proposed in [170] to 

solve the economic dispatch problems with valve-point effect. 

The comparison of simulation results with approaches reveals 

the robustness and proficiency of the proposed approach. The 

author proposes artificial immune system in [175] which is 

based on the clonal selection principle to solve the dynamic 

economic dispatch problem. The simulation result shows that 

the proposed approach capable to provide good solution than 

particle swarm optimization and evolutionary programming 

having minimum cost and computation time. Integrating a 

Battery Energy Storage System (BESS) into a micro grid is a 

challenge because it is difficult to assess an optimum size of 

BESS to prevent the micro grid from instability and system 

collapse. [103] presented a new method particle swarm 

optimization (PSO)to decide the optimum size of BESS at 

minimal cost. Simulation results show that the optimum size 

of BESS-based PSO method can achieve higher dynamic 

performance of the system and we can significantly improve 

power system stability, grid security, and planning flexibility 

for the micro grid system. 

In [185], a new method called enhanced multi-objective 

cultural algorithm (EMOCA) is presented to solve economic 

environmental dispatch (EED) problem. EMOCA method 

combines the particle swarm optimization with cultural 

algorithm framework to implement population space 

evolution and two knowledge structures of the belief space are 

redefined to improve the convergence. The comparison of 

simulation results shows that EMOCA provides a competitive 

performance in terms of optimal solutions with efficient 

convergence efficiency while dealing the EED problem. It 

was demonstrated the employing modified PSO approaches 

for efficient solving of EDPs with generator constraints. A 

chaotic sequence based on logistic map is incorporated as a 

randomizer instead of traditional uniform random function 

into the PSO approach to enrich the searching behavior and to 

avoid being trapped into local optimum and combining PSO 

with Gaussian and chaotic signals is very effective in solving 

EDPs [187].  

 [200] presents a novel method for solving the large-scale 

complex economic dispatch problem (EDP) by integrating the 

particle swarm optimization (PSO) technique with the 

sequential quadratic programming (SQP) technique. PSO is a 

derivative free optimization technique for solving EDP 

without considering incremental fuel cost function and SQP is 

a nonlinear programming method which finds solution using 

the gradient information. PSO–SQP method has the ability to 

find highly accurate & quality results at fast converging 

characteristics. [210] Non-convex economic power dispatch 

problem is solved using Particle Swarm Optimization (PSO) 

and Time Varying Acceleration Coefficients (TVAC) 

approach. In this approach, TVAC effectively handled the 

problem of premature convergence and rampant in PSO and 

results shows the PSO_TVAC approach has stable dynamic 

convergence characteristics, robustness and stability 

compared to other strategies for solving non-convex cases. 

[212] Researches on economy dispatch considering wind 

system aiming lowest generating cost of complete power 

system as objective function and simulation has been carried 

out using particle swarm optimization algorithm. Particle 

Swarm Optimization (PSO) method has been introduced in 

[112] as a global optimizer and incorporated within the 

problem context. The simulation result illustrate that the PSO 

method is efficient technique which determine a high quality 

solution for micro grid at a relatively low computational cost. 

 

Ant colony optimization 

ACO contains two foremost steps: Ant solutions creation: In 

this step, according to a transition rule, the artificial ants go 

through the neighboring states of a optimization problem, then 

build a solution iteratively .Pheromone update: In this step the 

pheromone is updated in  each iteration. 

 

Bee colony optimization 

In [173] artificial bee colony optimization approach is 

proposed for solving multi-area economic dispatch (MAED) 

problem with tie line constraints considering transmission 

losses, multiple fuels, valve-point loading and prohibited 

operating zones. The proposed algorithm is effective 

compared to differential evolution, evolutionary programming 

and real coded genetic algorithm, considering the quality& 

accuracy of simulation results. Also in [174] , Incremental 

artificial bee colony (IABC) and incremental artificial bee 

colony with local search (IABC-LS)algorithm approach is 
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proposed to solve the non-convex valve point effect economic 

power dispatch problem,. The IABC and IABC-LS algorithms 

will also be applied to other energy problems like economic 

power dispatch problems with prohibited operation zone, 

environmental economic power dispatch problems and short-

term hydrothermal power dispatch problems, and also other 

engineering optimization problems. In [95] A hybrid method 

by combining BCO with SQP for solving dynamic economic 

dispatch problem considering valve point effect is presented 

by the author. It is evident from the comparison of results that 

the proposed BCO-SQP based approach provides better 

results than PSO-SQP and EP-SQP methods in terms of 

minimum production cost and computation time. 

 

BFO algorithm 

Assembling of the bacteria into groups and moving in 

concentric patterns with high bacterial density to search for 

nutrients is called as chemotax and is enabled by the 

swarming .Survival of the fittest bacteria is called as the 

reproduction and that bacteria pass on the genetic characters 

to subsequent generations. Because of the change in nutrients 

or any other factor a particular location may be altered slowly 

or rapidly  which may further cause removal/disperse of a set 

of bacteria in the different atmosphere .this is called as the 

Elimination-dispersal and this step prevent from getting 

trapped to local optima in the search space this improves the 

global search ability of the algorithm. 

The price penalty factor based fuzzy ranking approach is 

applied in [93] for simultaneous minimization of cost and 

emission. Author has proposed the improved bacterial 

foraging algorithm (IBFA) automation strategy and crossover 

operation is used in micro BFA to improve computational 

efficiency.   Economic dispatch is carried out at the energy 

control center to find out the optimal output of thermal 

generating units. In [147] modified bacterial foraging 

algorithm (MBFA) approach is applied for solving the 

economic and emission load dispatch (EELD) problem. The 

natural selection of universal optimal bacterium is utilized by 

MBFA technique which is having successful foraging 

strategies in the fitness function. Simulation results validates 

the effectiveness of the proposed MBFA algorithm as 

compared to various other methods such as, linear 

programming (LP), multi-objective stochastic search 

technique (MOSST), differential evolution (DE), non-

dominated sorting genetic algorithm (NSGA), niched pareto 

genetic algorithm (NPGA), strength pareto evolutionary 

algorithm (SPEA) and fuzzy clustering based particle swarm 

optimization (FCPSO) performed in different central load 

dispatch centers to solve EELD problems. An improved 

bacterial foraging algorithm (IBFA) is presented in [134] in 

which crossover operation and a parameter automation 

strategy is used to get the better computational efficiency in 

micro BFA. The performance of IBFA is compared with 

classical BFA and found to be better. 

 

In [137] Power generation, spinning reserve and emission 

costs are considered while solving the ELD problem. A hybrid 

method combination of bacterial foraging (BF) algorithm with 

Nelder–Mead (NM) method (BF–NM algorithm) is presented 

to solve the ELD problem and study results are compared with 

the results of other classic and intelligent algorithms like 

particle swarm optimization (PSO), genetic algorithm (GA), 

differential evolution (DE) and BF algorithms and simulation 

results reveals that proposed method reduced the total cost of 

the system.   Economic dispatch is carried out at the energy 

control center to find out the optimal output of thermal 

generating units.  In [176] author presents a heuristic 

optimization methodology viz Bacterial foraging PSO-DE 

(BPSO-DE)algorithm by integrating Bacterial Foraging 

Optimization Algorithm (BFOA), Particle Swarm 

Optimization (PSO) and Differential Evolution (DE) for 

solving non-smooth, non-convex Dynamic Economic 

Dispatch (DED) problem. The proposed hybrid approach 

completely eliminates the problem of stagnation of solution.    

In [193] a new optimization approach using modified bacterial 

foraging algorithm (MBFA) is applied for solving economic 

and emission load dispatch (EELD) problems. MBFA 

employs the natural selection of global best bacterium which 

is having successful foraging approach in the fitness function. 

The final results certify the effectiveness of the MBFA 

algorithm compared to various other methods viz linear 

programming (LP), multi-objective stochastic search 

technique (MOSST), differential evolution(DE), non-

dominated sorting genetic algorithm (NSGA), niched pareto 

genetic algorithm (NPGA), strength pareto evolutionary 

algorithm (SPEA) and fuzzy clustering based particle swarm 

optimization (FCPSO) to solve EELD problems. 

 

Group search optimizer 

In GSO, a group is correlated with three kinds of components 

i.e. scroungers, dispersed members called rangers and 

producers. 

A dynamic economic emission dispatch problem is solved by 

applying group search optimizer with multiple producers 

(GSOMP) in [205].The analysis of the results obtained here 

shows that the DEED problem is very well solved as widely 

spread Pareto-optimal set of solutions and GSOMP obtain 

improved objective values for both the fuel cost and the 

emission, and it converges faster to a better Pareto front  

 

 

 

Biogeography-based optimization 

Study of the distribution of the various types of species in 

nature over time and space or the immigration and emigration 

of species, is called as the Biogeography which is a heuristic 

optimization technique in which each  solution is equivalent to 

an island and their features represented by the new term i.e. 

the suitability index variables (SIV). habitat suitability index 
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(HSI)  is  the fitness of each result which depends on various 

features of the environment. Migration and mutation are the 

two main operators of the BBO. Diversity of the algorithm is 

decreased by the first operator which creates like habitats, and 

the exploration ability of the algorithm is increased by the 

second operator i.e. the  mutation 105]  presents the 

combination of differential evolution (DE) and Biogeography-

based Optimization (BBO) algorithm which accelerate the 

convergence speed and to improve solution quality and 

algorithm is applied to solve complex economic emission load 

dispatch (EELD) problems of thermal generators of power 

systems 

[21] gives the Oppositional biogeography based algorithm  to 

optimize the cost and emission objectives simultaneously, 

which combines the opposition based learning scheme along 

with migration concept of BBO. [165] presents the 

combination of differential evolution (DE) and Biogeography-

based Optimization (BBO) algorithm to solve complex 

economic emission load dispatch (EELD) problems of thermal 

generators of power systems. Differential evolution (DE) is 

very accurate evolutionary algorithms for global optimization 

and solution for EELD problems and Biogeography-based 

Optimization (BBO) is another algorithm which deals with the 

geographical distribution of different biological species. It is 

found the proposed method is much better in terms of quality 

of the compromising and individual solution obtained.     

[196] presents a combination of differential evolution (DE) 

and biogeography-based optimization (BBO) algorithm to 

solve complex economic emission load dispatch (EELD) 

problems of thermal generators of power systems. Differential 

evolution (DE) is one of the very fast, robust, accurate 

algorithms for solving of EELD problems. Biogeography-

based optimization (BBO) is another new biogeography 

inspired algorithm. The combination of DE and BBO 

(DE/BBO) is used to accelerate the convergence speed of both 

the algorithm and to improve solution quality. [214] proposed 

hybrid model of DE & BBO (DE/BBO) approach for 

convergence speed of algorithm and improve solution quality 

to solve EELD problems. It has been observed that when 

complex fuel cost characteristic is taken than computational 

efficiency& quality is much better than other methods. 

 

Invasive weed optimization 

It is a stochastic search algorithm ,inspired by the biological 

process of distribution  and  weed colonization. Invasive 

weeds settle in the environment by covering the opportunity 

spaces leaving behind an improper tillage which is then 

followed by enduring living in the field. Behaviors of the 

weeds vary with time , and there is less opportunity of life of 

those having less fitness as the colony  become more dense . 

Invasive weed optimization algorithm is applied to 6 ,10 and 

40 bus system for optimization of economic emission dispatch 

problem  in [36] which results in better solution . 

 

Other bio-inspired algorithms 

Clonal selection algorithm 

Artificial immune algorithm is is a population-based 

algorithm which is based on the principle of clonal selection. 

AIS algorithm copy the human immune system therefore it is 

a well advanced adaptive system. AIS have been gaining 

significant consideration because of its influential adaptive 

learning and memory capabilities. In AIS, potential solutions 

of problems are referred by antibodies, the value of the 

objective function which is to be optimized is referred by the 

antigens. Evaluation process of antibody is called as the 

cloning.  In [183] the author has applied the artificial immune 

system (AIS) algorithm to solve the constrained Dynamic 

economic dispatch (DED) problem. Comparing the results 

with other methods shows the superiority of AIS method and 

can be concluded that clonal selection based AIS is a best 

technique for solving complex non-smooth optimization 

problems in power system. 

 

Flower pollination algorithm 

A dynamic multi objective optimal dispatch (DMOOD) for 

wind-thermal system with a hybrid flower pollination 

algorithm (HFPA) is given in [5].In this paper the cost, 

emission and loss are simultaneously minimized with 

complicated constraints like ramp limits ,valve point loadings, 

spinning reserve, and prohibited zones together with the 

inclusion of the cost of wind power uncertainty The projected 

HFPA improves the exploration & exploitation strength of the 

flower population which conducts the search. In the HFPA the 

flower pollination algorithm (FPA) and differential evolution 

(DE) algorithm are incorporated to maintain good solutions 

and to prevent premature convergence. A 5-class, 3-step time 

varying fuzzy selection mechanism (TVFSM) is included with 

HFPA for solving multi-objective problems. The TVFSM 

finds a fuzzy selection index (FSI) by aggregating different 

conflicting objectives. The FSI is adopted as the worth 

standard while updating the population. Gaussian membership 

function is applied to compute FSI in such a way that extreme 

solutions are filtered out and trade off solutions on the central 

portion of the Pareto-front are obtained. The HFPA-TVFSM 

approach successfully searches the optimal solution which 

fulfills all the three objectives optimally. The Flower 

pollination method is tested ,validated and applied on IEEE 30 

bus standard system in [190] for static load dispatch problem . 

In [24], a modified flower pollination algorithm (MFPA) is 

developed by (1) making the local pollination operation of 

FPA more effective through a user-controlled scaling factor 

and (2) adding an extra intensive exploitation phase to 

perform exhaustive search through the solution domain to 

attain the optimal solution. 

 

Harmony Search algorithm 

An annual economic/environmental optimal operation of a 
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Low Voltage Micro grid with DG capabilities (FC, MT, PV 

units) is scrutinized in [26] with the help of  Harmony Search 

algorithm so as  to perform hourly optimizations on a Low 

Voltage Micro grid.  [124] presents the hybrid harmony 

search (HHS) algorithm with swarm intelligence to solve the 

dynamic economic load dispatch problem. Harmony Search 

(HS) is a recently developed derivative-free, meta-heuristic 

optimization algorithm. The HHS algorithm takes care of 

different constraints like power balance, ramp rate limits and 

generation limits by using penalty function method and 

simulation results affirmed the robustness and proficiency of 

the algorithm over the other available existing techniques. 

In[100] a new concept called reduced islanded MG network 

(RIN) is used for generalization of the proposed index to n-

bus islanded MGs. The increasing loadability index of micro 

grids in the islanding mode is more important and islanded 

micro grid reconfiguration (IMGR) is proposed in this paper 

as an operational tool for improving loadability as well as 

decreasing power losses using an Adaptive Multi Objective 

Harmony Search Algorithm. 

 

Gravitational search algorithm 

Gravitational search algorithm is a new heuristic optimization 

algorithm which is based on the law of gravity and mass 

interactions. In this algorithm, the search agent are a set of 

masses which relate with each other based on gravity the laws 

of motion and the Newtonian. It is compared with some 

renowned heuristic search methods and results of that confirm 

the high performance of the GSA for nonlinear functions. 

Gravitational Search Algorithm (GSA) approach has been 

applied to find the best compromising emission and cost in an 

economic emission load dispatch (EELD) problem [132]. 

Simulation results found here shows that GSA has better 

solution quality and computational efficiency. [180] proposed 

the Gravitational Search Algorithm (GSA) to solve the 

optimal solution for Combined Economic and Emission 

Dispatch (CEED) problems. A price penalty factor approach 

is used to solve the Combined economic emission dispatch 

(CEED problem which is to optimize the two objectives ,the 

fuel cost and the emission of generating units with GSA. 

 

Teaching Learning Based Optimization (TLBO) 

In [204], teaching learning based optimization (TLBO) 

algorithm is proposed to solve multi-objective economic 

emission dispatch (EED) problem and to improve the 

efficiency opposition based learning (OBL) concept is 

integrated with TLBO algorithm. Numerical simulation results 

shows that the proposed approach is much efficient and better 

computational time compared to the other methods.  

 

Novel Stochastic Search (NSS) method 

[208] has proposed a Novel Stochastic Search (NSS) method 

to solve economic dispatch problems with non-linear 

characteristics of the cost functions with valve-point effects. 

Simulation results reflect that NSS has consistently converges 

to a optimal solution to solve the ED problem. Comparing to 

Genetic Algorithm (GA), Evolutionary Programming (EP), 

Particle Swarm Optimization (PSO) and Simulated Annealing 

(SA),NSS method has three key advantages viz. (i) converges 

to optimal solution in a shortest possible time (less than 5 s for 

the three test cases) (ii) with parameter restrictions NSS has 

better results than other evolutionary algorithms. (iii)  NSS 

provides a candidate solution of optimal solution in each 

search process. 

 

New gumption approach 

Economic dispatch (ED) with convex problem can be solved 

using Tabu search (TS), evolutionary programming (EP) and 

genetic algorithm (GA) but these methods are heuristic and do 

not guarantee for optimal solutions in finite time. [215] paper 

gives another approach to solve the problem by use of 

optimization algorithm with valve-point and losses effect. The 

proposed optimization algorithm which is based on the valve 

point of power generators minimizes the operation cost of the 

plants and provides the optimum generation schedule 

satisfying the system operating constrains. Results are 

obtained on the IEEE 6-mchines 30-bus systems , IEEE 5-

machines 14-bus, and Three machines 6-bus system,. Results 

found by using this algorithm compared with results obtained 

from the other algorithm such as the hybrid genetic algorithm 

(HGA), genetic algorithm (GA), and hybrid (H) method give 

noteworthy improvements in the operation cost. 

 

CONCLUSION 

During the past decade myriad numbers of metaheuristic 

techniques are being used so far in solving the problems of 

economic load dispatch. In this paper detailed comparative 

study is done on various techniques used for solving the 

economic emission dispatch multi objective optimization 

problem. This may give an idea to researchers about  various 

state of the art techniques they may take to use for solving the 

multiobjective optimization problem. After the detailed study 

done here it can be concluded that some techniques perform 

well for specific problem while at the same time some may 

not give better outcome.So we can say that the metaheuristic 

are problem specific. 
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