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ABSTRACT

This paper presents a new approach using evolutionary
programming for solving the economic dispatch problem of
generators when all of the units have ramp characteristics.
The use of ramp-rate constraints to simulate the unit state
and generation changes is an effective and acceptable
approach in the view of theoretical developments of
industrial processes. Since implementing ramp-rate
constraints is a dynamic processes. The proposed method is
implemented for solving a few example dispatch problems.
The results obtained by this new approach are compared with
those obtained using traditional methods. The study results
have shown that the approach developed is feasible and
efficient.
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l. INTRODUCTION
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behavior of the generating units [1] [2]. However,
plant operators, to avoid shortening the life of

The economic dispatch problem assumes that the
amount of power to be supplied by a given set of
units is constant for a given interval of time and
attempts to minimize the cost of supplying this
energy subject to constraints on the static

their equipment, try to keep thermal gradients
inside the turbine within safe limits. This
mechanical constraint is usually translated into a
limit on the rate on increase/decrease of the
power output. Such ramp rate constraints
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distinguish the dynamic economic dispatch from
the traditional static economic dispatch [3] [4].
Since these ramp rate constraints involve the
evolution of the output of the generators, the
dynamic economic dispatch cannot be solved for a
single value of the load. Instead it attempts to
minimize the cost of producing a given profile of
demand [5][6].

The dynamic economic dispatch is one of the main
functions of power system operation and control.
It is a method to schedule the online generator
outputs with the predicted load demands over a
certain period of time so as to operate an electric
power system most economically while the
system is operating within its security limits [7]

[8].

Since dynamic economic dispatch was introduced,
several optimization techniques such as Simulated
Annealing (SA), Genetic Algorithm (GA) and
Evolutionary Programming (EP) have been given
much attention by many researchers due to their
ability to seek for the near global optimal solution.
The SA technique has been applied in many power
system problems. However, appropriate setting of
the control parameter of the SA based algorithm is
a difficult task and the speed of the algorithm is
slow when applied to a real power system [9] [10].
Both GA and EP can provide a near global solution.
But the encoding and decoding schemes essential
in the GA approach are not needed in dynamic
economic dispatch problem. The EP, therefore, is
faster in speed than GA in DED case.

1 PROBLEM FORMULATION

The objective of ED is to determine the generation
levels for all on-line units which minimize the total
fuel cost, while satisfying a set of constraints.

It can be formulated as follows:

A. Objective function :

The fuel cost functions of the generating units are
usually described by a quadratic function of power

output P, as:

F.(P)=a,+bP +cP’ (1)

Where, a;, b; and ¢; are the cost co-efficient of unit
i
The objective is to minimize the cost function

mianzN:F,-(P,-) (2)

Where N is the number of generating units.
F; (P) is the individual fuel cost function of

i"™ generating units.
B. Power balance constraint :

The total real power generation meets the total
load demand which is best represented by
equation (3),

(3)

where

P4 is the load demand at hour h

Py, is the power output of jth generating unit at
hour h.

C. Capacity limit constraint:

The lower and upper bounds of real power output
generated per hour is represented by equation

(4),

where

P™ is the minimum power generation limit of the
i*" generator

P™™ is the maximum power generation limit of
the i generator.

D. Ramp rate constraint:

The ramp-up and ramp-down rate limits of i
generator in MW/hour are given by [8]
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i) as generation increases

P P.OSUR’. i=12,..N h=12,...H (5)

ih™ "ih
ii) as generation decreases

P?—P, <DR.  i=12,.N h=12,...H (6)

ih "ih

where
UR; and DR; are the ramp-up and ramp-down rate

limits of i*" generator respectively.

Py, is the output power of unit i at current hour

p_?] is the output power of unit i at previous hour.
|

1l EP BASED DED ALGORITHM
A. Representation

For T intervals in the generation scheduling
horizon, there are T dispatched for the N
generating units. For the N generating units,
control variables of this problem are the
generating output from all units. An array of these
control variable vector can be shown as

’311 '312 """"" P1T
S = P21 Pzz """"" PzT (7)
PN1 PNz """"" PNT

B. Initialization

To begin, population of chromosome is uniform
randomly initialized within the operation range of
the generator.

C. Fitness evaluation

The active power generations at all buses in all
intervals are control variable, which are self
constrained. Equality constraint in equation (3)
can be handling by using

Zpold

N
ifZPl,t > Pp,,then Pf?ew = Pi?’d ,1T (8)

zPold

. Id

thP . <Py, then P =po'd 4 N
(9)

The operating ramp rate constraints are handled

by adding them as the exact penalty terms to the

objective function to form a generalized objective

function as

N

mini Z ﬁt(Pff)-l—i ZN: Pr |Pit_PrIim| (10)

=t = i=2 =t

Where
P, is penalty parameter
P.im is defined by

Pt-r —DR; if P, <Py —DR;
Prim = Pe—yy *UR if P > Py +UR, | (11)
Pi) otherwise

Here the value of generalized objective function is
used to indicate the fitness of the candidate
solution of each individual.

D. Creation of offspring

Offspring is produced from the existing
population by adding a Gaussian random number
with zero mean and a predefine standard
deviation to each individual as

P;vt =P, +N(o’0i2t) (12)

o IS calculatedfrom

Ot = ( itymax rt mln)

min

where, fBisascaling factor
f. isthe fitnessvalueof the s'" individual

fnin istheminimumfitnessamongthe P parents
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Where, f, is the fitness of the r"" competitor

After adding a Gaussian random number to randomly selected from 2P individuals
parents, the elements of offspring may violate

constraints given by eqgn.3, these violations are IV.SIMULATION RESULTS AND DISCUSSION
dealt with

Solutions for dynamic economic dispatch problem

P —p £p < p were obtained for ten units system with quadratic

it = 7 itmin if Py < it,min fuel cost functions are shown in Table 1. The

" D' (13) dynamic economic dispatch problem has been
P _Pitmax’fPit>Pitmax : : :

’ ’ solved by conventional linear programming and

evolutionary ~ programming  methods.  To

E. Selection and competition determine the effectiveness, the conventional
method compared with the evolutionary

The selection technique used here is the stochastic programming  method. The  evolutionary
tournament method. The 2P individuals compete programming method was found to be better in
with each other for selection. A weight value Ws is solving the dynamic economic dispatch problem.

assigned to each individual as follows: The comparisons results of EP and LP are also

shown in Table 2. From that, the result obtained

P .
we =D w, from EP was better than those obtained from LP.
j=1 Simulations were carried out and obtained the
: (14) ) ,
W; =1if fs <f, average total production cost and computed time
W, =0, otherwise from 1oruns with scaling factor 0.005, maximum

generation 10000 while varied the population size
from 20 to 8o.

Table 1 Solution for Ten Unit systems

u/T 1 2 3 4 5 6 7 8 9 10 11 12

1 238.7 243.0 261.4 262.1 281.0 286.2 282.0 260.0 250.1 235.6 | 249.5 256.9

2 3572 | 3655 |[382.8 |387.8 |407.5 |407.5 |4053 |[383.5 |369.7 |358.0 |375.9 |377.1

3 | 414.8 | 418.6 |442.8 |439.7 |459.7 |470.3 | 4632 |438.8 |426.4 | 4154 |4253 | 433.8

4 4771 481.7 505.2 506.0 530.4 540.0 530.4 506.4 488.3 473.5 | 490.9 501.8

5 | 418.2 | 421.6 443.7 | 444.6 | 461.3 469.1 | 467.8 | 439.0 | 427.3 | 409.7 | 425.2 | 431.4

6 549.7 | 559.0 581.6 588.6 625.3 634.8 626.0 581.8 564.6 550.3 | 573.5 583.0

7 619.0 620.0 620.0 620.0 620.0 620.0 620.0 620.0 620.0 619.9 620.0 620.0

8 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0 | 643.0

9 [899.2 | 916.6 | 920.0 | 920.0 |920.0 | 920.0 | 920.0 | 920.0 | 920.0 | 9011 | 920.0 | 919.9

10 | 94341 951.0 995.5 998.1 1041.9 | 1049.1 | 1042.3 | 997.5 970.7 933.4 | 968.8 | 983.1

$ 173398 | 176060 | 184201 | 184660 | 193059 | 195435 | 193531 183742 | 178745 | 172517 | 179199 | 181915
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Table 2 Comparison of Simulation results

Method

Cost(s)

Linear Programming

2196939

Evolutionary Programming

2196462

CONCLUSION

This paper has presented a new approach using EP
for solving dynamic economic dispatch problem
when all of the units have ramp characteristics. The
versatility of the method in handling any number of
constraints has also been shown by taking into
account of power balance constraint and unit

capacity constraint. The proposed method has
been tested with example problems on economic
dispatch and their results have been compared
with those obtained by traditional method. The
results obtained show that the proposed method is
reliable and efficient and has great
potential for solving practical economic dispatch

simple,

problems.

APPENDIX

Unit Data of Ten Unit Systems

Prnin Pnax a b C UR DR
(MW) | (MW) | (§/h) | ($/MWh) | ($/MW’h) | (MW/h) | (MW/h)

Unit 1 155 360 180 26.4408 0.03720 20 25

Unit 2 320 680 275 21.0771 0.03256 20 25

Unit 3 323 718 352 18.6626 0.03102 50 50

Unit 4 275 680 792 16.8894 0.02871 50 50

Unit 5 230 600 440 17.3998 0.03223 50 50

Unit 6 350 748 348 21.6180 0.02064 50 50

Unit 7 220 620 588 15.1716 0.02268 100 100

Unit 8 225 643 984 14.5632 0.01776 100 150

Unit 9 350 920 1260 14.3448 0.01644 100 150

Unit 10 450 1050 1200 13.5420 0.01620 100 150
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