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Abstracl - This papcr pr6ent! psrticle 3watm optimizstion

,pioi- t""rtniqr" ro solve the dyntmic Gconomic disprtch

)ir"r.rlt .."tr",ii for thc determinrtion of the optimal schedulc

;;;iJ'i-;;"t" from dilf'rcdts units Geoerrtor) rt- the

i .]tI. 
"[ta 

po*iblc ovc] ! ccrtrir pcriod' ThG lot'l of thc

.rirr,lr.ii *irr t"tisfy the lold dcmrtrd for r period thttltts
i-i JrItoJ r"a r number of smrll intcrvrls of 2il hours' Thc

6iilt , Jvt"ri" ptoblcm of ecooomic dilptcth thtt takc!
-nlo-,i" 

"oiJia"t",ioi, 
of thc ramp rstc limit! oflhc generttirg

ffi;'il; iisults showed that Pso t'chnique was capable of

"ii"i"irg 
ftigrt q*rity solution rvith r grcrt eflicicocy for DED

problcms.

Newootdt: Dlnomic Econo'4ic Dkpalch (DED)' Parlicle Swor

frrtzdion (Pso), RoDq Rde Limit*

[. INTRODUCTION

l)vnamic economic dispatch (DED) is a dynamic problem

.,i r'ower svstem due to the large variation of load demand'

iiJ ,"i, '"ul."i"e of DED is to determine the optimal

"ri", **"t"**.arion from different units (generator) that

."ilii. r""o?.r-ds at minimum cost for a certain p€riod

ii-,r*"jr"t"a while satisfuing all the constraints' DED is

noi ont, tt" most accurate formulation but also the most

lim"rii Jy*ri. o.ptimization process[l l'--DED-is an

extension of the static economic dispatch (SED) SED can

onlv handle a single load level and may fail to deal wrln

i.rJ" "--"ii*t oT the load demand due to the dynamic

;;;;;;;i,h. generator which called ramp rate limit that

ii ured ro maintain the life ofthe generators[2] To o.vercome

this oroblem, DED is implemented by drvrdrng me

;;1. Jirpu,"h p".iod into a number of small time

intervals under the ramp rate constraints [3]'

Ramp rate limit refers to d)'namic consraints of a generator

;i;; il;t ;; DED probiem become more complex This

arnuri" ptoUf.. givis the differences between SED and

iio u"J-* SE-o only consider the operational. limit

in'i"r' i""rra" .irimum and maximum nower ee193tion of

;; ";ii 
*ttit" oeo consider both operational iimit and

;;; ;i; limit which include ramp up and ramp down of a

n"n"rato, fo, a period of time Due to the ramp-rate

ion.t uins of u gin.,uto'. the operational decision at hour t
rnuy utf""t ttt" op"*tional decision at a later hour[4]'

A survey of literature on the DED solution methods showed

ii* uuiioo. traditional mathematical optimization and

Jificiat intelligent (AI) techniques have been applied to

"o'fu" 
O" DEb problem. The traditional mathematic8l

methods are such as linear programming (LP)' nonlinear

"-nramrnine 
Nl-p) and quadratic Programming (QP) lt is

lUsErvea Ua-t ttre raditional marhematical methods have

.o." tirn;tuti"nt to solve DED problems' The traditional

,"irtoJ. .rrt". with large execution time and the methods

u."'*uUt" ,o nna te oplimal solution within the reasonable

J*ecutioa time due to their programming charateristics[5]'

The methods based on Al techniques such as algorithm

(cA). Darticle swam oPtimiz^tion (PSO)' simulated

*"."fi* (SA), and Differential Evolution (DE) also have

i"li i"rir"r"a. Results showed that they are more effective

,t-'G. t*iitionut mathemalical methods in solving DED

with ramp rat€ constraints [6].

ln this paper PSO has been applied to fullfill the objectives

oi tf'. r5g'o ptouf".. The constraints that are considered for

ii. otooot.O method are rhe operating limit' real power

i"i*."'"onat uiot with u-ansmission losses and ramp rate

if -i,t. 11r" optimization algorithm has been succesfully

i.ot.rn*t a in MATLAB programming using Intel(R)

C;eOM)2 Duo CPU, 2.20CHz with 3CB RAM personat

.".pr"i. t. proposed technique was lested on a ZplS
,ystem containing 6 generator units' and 46 transmsslon

lines.

II. PROBLEMFORMULATION

A. Objective funclion
The main objective of DED is to determine the oPtimal

r.i,"Auf" of g"n"*tor unit with minimum cost possible over

,i" 
"r,i." frtioO t nit" satisSing all the- constraints'The

objective function ofDED is formulated as below:

minc, =11c,,14,; (l)

Where t = L,2, ... .-.7
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Where Cz is the total operating cost over the whole dispatch

period T ; , is the numb€r of hours in period T; r is the

number of generator units; Ci (Pir) is the fuel cost of ith
unit at time r in $/h and Pir is the rral pow€r output of
generating unit i at time period , in MW.
The fuel cost Ci of genemting unit i al any time interval , is
normally expressed as a quadratic function as

Ciei) = ai * biPil r ciP,?, Q)

Where ar, 6, and ci are the cost coefhcients of generating i 
th

unit.

B Corttlraints

The objective fimction above is minimized subject to

variety of below constraints.

l) Equality Constraint

This constmint is based on the principle of power balance

equation that total generation of real power (MW) at any

time, should satisry the load demand at time / and also

the transmission power loss at time l. This constraint is

mathematically expressed rs

Xi=r &t = PDt + PLt (3)

Where Pp, is the total Power demand at time , and

Prt is the total transmission loss at time ,.

The general form oftransmission loss formula based on

Kron's loss formula is given bY

P", =ll=rli=rPilBifls *Ll=lBeiPn i Bss (4)

Where B, , Boi, Boo are the tansmission loss

coefficients.

2) InequalityCorclrcrint

Also called real power operating limit, the constrainl are

as follows

&r min S Pig A P1mar (5)

Where flj -;n and ftr-oris the minimum and maximum
real power output of generating unit i at time Period , in
MW.

3) Dl,nanic Constraint

The dynamic constraint due to ramp rat€ limit of
generating units are given by[7]

a,) When generation increases

Pi1 - P41-9 I Us1

6,) When generation decreases

P41-g - Pi1 3 Dx1 (6)

The constraint fiom (5) after including ramp rate

limit can be described by

(P,,"'",4r,_,, -Do)<P, <(P,,"*",Pn,-,, +Ur) 0)

Where {,, ,, is the previous real power outPut of

generating unit i; URi is the ramp up limits of ith
unit in MWh and Dp1 is the ramp dovm limits of
rlh unit in MW.
To modifo the real power output &r, the formula
below is used [8],

Pit = l<r_rt - DR ,if Pu I (t,-rl- Dr, (8)

and

P. = P,(,_t)+U Ri,if Pp > P,,,-rrtU *, (9)

4) Fitness Function

Fitness (10)
Cr + Ph,

Where Pr, =I,P,, - P,, - Ph
t=l

III. METHODOLOGY

A. Pqrticle Swann Optinization (PSO)

Kennedy and Eberhart developed a PSO atgorithm based on

the behavior of individual (particles) of a swam inspired

from fish schooling and bird flockingflO]. lt uses a number
of particles that form a swarm that randomly flying in the

search space looking for the global optimal position to get

food. In a PSO system, particles fly around in a

multidimensional s€8rch sPace. It has been observed that
members within the group particles share the information

experiences among them and this will lead to more faster

searching time and accuracy. Dudng the flight, each

particles adjusts its position according to its own experience

and the experience of neighboring member particles and

making use ofthe best position encountered by itselfand its

neighbon to search the foodfl ll. The particle which at

present is globally the best particle producing are set to be

the best performance at that time and it represent the

minimum of the cost function achieved so far. Assume that
x and v denote a particle position and its corresponding
flight speed (vetocity) in a search space respectively. The ir,
particle is represented as X1 = (Xn,Xi2, ... &d) in the
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Th€ fitness function formula[9] that consists of total fuel

cost fimctiorl Cr and power balance constraint P6 as in

Equations (2) and (3) is shown below :



dimensional search space.The best previous position of a

particle is recorded and represented as

pB esq = (p Best n, pBe st iz, .'... p Best id)
The index of tfte best Panicle among all the particles in the

group is represented as gBesta- The rate of velocity for the

particle i is represented as
q = (vir,vi2,....u6),

Mathematically,velocities of the particles are modified
according to the following equation :

tl-t =( +C,QtBesF 4)R1 +C2@BesF t)R, (n)

Where i: 1,2....n Md i= 1,2....d

To ensure the convergence of PSO in oblaining optimal

solution, Eberhart and Shi indicate that application of a

constriction factor may be necessary[12]. The constriction

factor is formulated as below:

4.' -- M *e@ ne* 4)4 +c2@Be* 4)41 oz)

Where

n = rrumber of particles in d
d = dimelsiotntl search sPace

K = constriction foctor
Vi*' = the updated particle uelocity

Vrj = velocity of ith particle qt iteration k

X'!i = current position of ithparticle at iteratton k

k'= pointel' of iterations(generation)so far
agssl = f25t position of thc ithparticles recotd.ed
'giest 

= best'positi.on of the group until iteration k
Ct,Cz = acceleration coef ficients
Ri,iz = random mtmbet inthe range (0,10)

velocity and position limit, Xmin, Xmru, Vmin and

Ymqx, the operating limit, ramp rate limit, load demand,

B-coefficients and the fuel cost coeflicients ofeach unit.

Step 2: Initialize the particle's velocities and position in
random manner. In this problem, the real power outputs

ofeach units are taken as the particles in PSO. A particle
will represented the real power output for 6 units of the
generator. The particles are randomly generated between

the maximum and minimum operating limits for all the

generators according to (5). Losses arc ignorcd at this

step.

Step 3: Fitness evqluation
a) Check the real power output for each unit fiom the

particle using operating limit equation from (5).

b) Calculate Prusing (4) with the B-loss coefficients.

c) Calculate the total output power fiom each unit

after considering P1. Check the total ouput power

with the load d€mand at that time.

d) Calculate the fuel cost using (2).

e) Evaluate the fitness ofeach Particles using (10).

Step 4: Set the pBest from the fitness evaluation which
is refer to the minimum total fuel cost of that time.

and

K= 2 (13)

12-c - c'-4cI

WhereC= q+Cz andC>4

Each individual particle uPdate its current position to the

next new position according to the following equation:

xl,-' = xi +v|.' (t4)

wtrere X,jtr is the updated particle's position.

B. DED based on PSO Technique

The following steps describe how PSO was implemented to

the DED problem.

Step l'. I nit iol ization of paramelers

Specift all the PSO parameters including number of
particles n, acceleration constants C/ and C2, particle's

3

Step 5: Set the gBest from the best value among the

pB€st.

Step 6'. Optimiza,ion ofthe Pa icles'
a) Modi$ the velocity of each particles

according to equation (12). Evaluate the

velocity according to the ym.rand 7-o, from

the Table 5. lf the tzli < V-1,., then V = V^in

and if the Yt, > v-o,, then Vu = V^*-

b) Modiry the position of each particles using

equation (14). Evaluate the new position

according to the xm ina,i,d X16 from the Table

5. lf the Xi.i ( X6,, then Xii = X-i,. and if
the X1; > X-*, then X;i = X^*.

Step 7: Repeat Srcp 3 while considering the ramp rate

c{nstraint.The new Position ofthe particles which rcfer
to the real power ouput for each unit must satisry the

rdmp rate constraints described by Equations (6) and

(7). lfthe real power outPut generating break the limit,
then il must be modified towards the near margin of
the acceptable solution by Equations (8) and (9).

Step t: Evaluate the fitness ofthe new positon of each

particles. Check if the current value pBest is greater

than the previous pBest, set the new value as the pBest.

Then next, if the new pBest is greater than previous

gBest, set it as the new gBest.



Step 9: Check the number of iterations,rTern ar which

was set in Table 5. If it reaches the maximum,go to

Step 9. Otherwise, the optimization process will be

repeated start fiom Step 3.

Step l0: The individual ofparticles that generates the

latest gBest is the optimal generation ofreal power

output from each unit with the minimum of total

generation cost at time ,.

Flow chart for the DED based on PSO step is described in

Figure I b€low:

ln order to justifo the proposed method, the dynamic
constrained economic dispatch was solved for IEEE 26-bus

system and results are presented in this section. There are 6-
generator units, 26 buses and 46 E-ansmission lines.The cost

coemcients and power generation limits for the test case are

given in Table l, ramp limits are given in Table 2 and the

load demand for the time intervals of 24 hours is given in
Table 3. Program in MATLAB was developed to Perform
DED using PSO and exe{uted using Int€l(R) Core(TM)2
Duo CPU, 2.20GHz with 3GB RAM p€rsonal comPuter.

Losses are included in this case. The B-loss coefficients in
p.u. on a lO0 MVA base is given in Table 4 and are

obtained fiom NeMon-Raphson power flow solution.

IV, RESULT AND DISCUSSION

A. Desctiption ofTest Syslem

Table I . Generating Unit Capacity and Coefficients

t'nit (MW) (Mw) 6/Mwh,)
bt

($/Mwh)

I 100 500 0 0070 70 240

2 50 201) 0.0095 10.0 200

3 80 -i00 It.5 220

{ 50 t50 0 0090 I t.0 200

5 50 200 0.0080 t0.5 220

50 t20 0 0075 t2.0 t90

Table 2. Rate limits

Table 3. Load Demand for 24 Hours
llour I 2 l 4 5 1 tt

I-oad 9s5 e42 935 930 935 g6:J 98{) 1023

llour l0 !t t2 13 1.1 t5 l6

l,oad I I26 I t50 l20l 12.15 I 190 l25l I263 r250

llour l7 t8 l9 20 2l 22 z) 24

I oad t27t 1202 I t59 1092 r023 9M 975 960

Table 4. Bloss coefficients

Nc

S.liJ, tL
operalng

End

lll

ller= 0

S.n ll€ oFtrr;zrion ol
llE!a4idoe.

0.0017
0.0012
0.0007

-0.0001
-0.0005
-0.0002

0.0012
0.o014
0.0009
0.0001

-0.0005
-0.0001

0.0007
0.0009
0.0031
0.0000

-0.0010
-0.0006

-0.0001
0.0001
0.0000
0.0024

-0.0006
-0.0008

0.0005

-0.0006
0.0010
0.0006

0.0129

-0.0002

-0.0002
-0.0001
-0.0005
-0.0008
-0.0002
0.0150

Bor = 1.0e-3[-0.3908 -0.1297 0.7047 0.0591

B- = 0.056
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Figure I . Flow chart for DED based on PSO
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30Number ofParticles, n
6d

1000ilcrmqx
Ixmin
0

Il'max
-lVmin

2.05cr
2.05c2

The PSO parameters are selected to achieve best solution
and are set as follows:

Table 5. PSO

B. Simulation Results

The optimal dispatch of real power output generation (MW)
associated with power loss (MW) and oPtimal fuel cost with
optimization time for the given load demand of 24 hours

using the proposed method was summarize in Table 6. The

sum of total generaling power in each interval satisfies all

the consraints given by (3), (5) and (7).

Table 6. Optimal MW Generation for each unit,
Transmission loss and Fuel Cost for24 hours

Loed

Damand lM\l)

)i

lrrturl

p4

ll,t',lil

-15 ri Fon

$/h

l ::]
--::a

i ,c6 
j

1 l-i:r:-

ml .i..._: 'l :'r- Ii.9l5lj

dl3 5no

:1

L]Ji

'-L:j

i6 :51.i:,t r 6j5l

i1

l-: r-'

2i l--:r:l
9]j

The solution of DED using PSO was compared to lhe
solution using Newton Raphson method [l3] in Table 7.
The NeMon Raphson method test system data is similar to
the one used in this paper that is 26 buses system containing
6 generator units and 46 Eansmission lines. The comparison
was analyzed at the hour I of 955MW load demand. From
the result, while satisfuing the real power balance constraint,
the total fuel cost for PSO method is I1429.95 $/h and total
fuel cost for NeMon Raphson method is I 1448.43S/h. From
the comparison it can be seen that DED using PSO solution
has a very good accuracy with high quality result b€cause

the total fuel cost for PSO method is lower than total fuel
cost for Newton Raphson method. Moreover, the total
transmission loss, Pr using PSO method is also lower than

the Newton Raphson method. On other word, PSO method

is very reliable in determining the solution for DED problem
that is to determine the optimum real power generation

output ofeach unit and minimize the total fuel cost.

Table 7. ofPSO and Newton hson Result

Number ofparticles, n Total Fuel Cos! 6r($/h)
40 313734.1

50 310/56.2
307456.6

5

PSO Newton RaphsonMethod
9s5Pn.-" d(MW)

37E.'t865 382.262s4(MW)
120.9963 125.2776

215.054h(Mw)
Pr(MW)

8r.23653 8E.20?9h(Mw)
I13.2434 t03 _6762Ps(MW')

50P6(MW
964.4'782963.0072Total Ceneration,Pr

(Mw)
9.478168.007231PL(MW)

Fuel Cost ($/tt) I1429.95

For further analysis, the number ofparticles has been varied
for other 3 values which ar€ 40, 50 and 60 in order to
evaluate the effect of number of particles towards the real

power generation output and the total fuel cost, Cr . As
shown in the Table E, the solution showed that increasing
the number of pa.rticles will result in a decreasing of the

total fuel cost and its confirms thal PSO method is capable

to give a high quality solution to DED problem.

Table 8. Result for the Variation Number ofParticles.

V. CONCLUSION

In this paper, Particle Swam Optimization (PSO) technique

was implemented to solve the dynamic economic dispatch
(DED) problem. The dynamic characteristic ofthe generator

unit that is ramp rate limit is considered for the unit
gereration operation in the proposed method. The DED
planning must gives the optimal generation dispatch while
satisrying the system load demand and the operational

955

214.3'168

54.3677 5

I 1.148.43

-- rl

:ll:96:

60



constraints for generator unit including the ramp rate

limit.The results show that the proposed method was

capable of obtaining high quality solution with a great

efficiency in DED problems in determining the optimal
schedule of output powers from differents generator units at
the minimum cosl possible over the 24 hours period interval
ofload demand.

VI, RECOMMENDATION

There are several addition and development that can be done
on DED problems in order to have high quality and accurate
solutions. The improyement that can be done is such as

tsking into account other generator const'aints such as

spinning reserve requirement and emission constraint. All
the constraints will give more accuate result to the solution
of DED problems. In addition, accurate modeling of DED
problem will be improved when the valve point loadings
effects in the generating units are taken into account. Valve
point effect are are usually modelled in two form which is

i)consider the prohibited mnes as the inequality constraint
and ii) implement the effect as the non-smooth cost function
for the fuel cost function[4].
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