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Abstract-This paper proposes an Enhanced Moth-Fl@ptenization (EMFO) algorithm for solving the nanvex economic
dispatch (ED) problem with valve point effects amdissions. It determines the optimal generatiordgle of generating units
by minimizing both fuel cost and emission simultaungy while the system constraints are achievede Woth-flame
optimization (MFO) is a recent nature-inspired neethwhich is based on the navigation mechanismedattansverse
orientation of Moths in space. The EMFO combinesrtterits of the traditional MFO and levy flight bgncentration the search
space. The usage ofwy-flight has the prominent properties to incre#tse diversity of population. The effectiveness loé t
proposed EMFO method is proven on using 10 bendhfoarctions and 3 standard test systems consisfifg 40 and a large
scale 80 generating units with non-convex fuel éwsttions. The capability of the proposed algaritis verified also for single
and multi-objective studied cases and its resudscampared with several well-known techniques. fidseilts confirm the high
performance of the proposed EMFO method for findimgoptimal economic generation scheduling at gtedde low emission
levels.

Index Terms— Moth-Flame Optimization; Multi-objective optimization; Economic dispatch; valve-point effects; emissions; Power |0ss.

Nomenclature

Pt Real power generation of the generation unit M; ith moth

f.(PH Cost function of the generation unit F; jt flame

Ng Number of generation buses S Spiral function

a; ,b; and ,c;, Smooth st coefficients 0it" generatc D; Distance fromit" moth tojt" flame

d; ande; non-smooth cost coefficients of the valve-point n Number of intervals in the time horizon
impact ofit" generator

Ny Maximum number of flames m The shape of the logarithmic spiral constant

prin Minimum limit of power generation l Current number of iteration

pnax Maximum limit of power generation Xt Theit"® moth or solution vectak} at iteration t

a;, B; and y; Smooth coefficients of thé" unit emission function @ The dot product

,n; andd; non-smooth emission coefficients ofiéf generator T Standard Gamma function

P, Total active power losses Titer Maximum number of iterations

P, Load demand active power E; (Pif) Amount of emission from unitfrom producing

powerP;*

Bij,Bo; and By, Transmission loss coefficients sign[rand - 0.5]  Takes only three values 1, 0, ahd

T1,72,73 @ndr, Random parameter which conforms to a uniform
distribution

1.INTRODUCTION

A. Motivation

Economic dispatch (ED) is a major operational issupower systems. It aims to determine the beséduale of generating
units output to reduce the total production cogtiensatisfying constraints of total load demandvadi as respecting individual
resource capacity limits [1]. Theoretically, to reake cost function of a generator relatively dasgolve, it can be represented
by a quadratic convex / linear function [2]. In &@nventional formulation of ED problem, it was @®®d that the cost function
is a quadratic polynomial and convex. In realithen a steam valve starts to open, there is a mg@ffect on a unit's power-
cost curve. To model the unit's power-cost curvéhvihe valve-point effects, a sinusoidal functicss Hbeen added to the
traditional quadratic power-cost equation [3].

In real power systems, practical features suchabge\point effects, ramp rate limits, prohibiteceogting zones, and multiple
fuel options are usually encountered. Neglectimge¢hfeatures may lead to inaccurate solutionseoEfh problem [4, 5]. On the
other hand, considering these practical featuresents the ED problem to a complex optimizationbbeen in which the cost
function is non-convex and non-smooth. In this eahjthe need to develop efficient solving methimdsuch problem becomes
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