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ABSTRACT: This paper presents a flower pollination based optimization (FPO) strategy for dynamic economic load
dispatch (DELD), which is an expansion of static economic load dispatch. It performs scheduling of generating units to
meet the forecasted load demands over a scheduling horizon at minimum generation cost while considering the ramp
rate limits. The FPO, inspired from the pollination process of plants, explores for the global best solution. The proposed
method partitions the DELD problem into as many as the number of sub-problems, and employs FPO in solving each
sub-problem. The simulation results on standard test problem portrays that the proposed method is able to provide the
global best solution.
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NOMENCLATURE
a bc fuel cost coefficients of the i™ generator
B B, B, loss coefficients
DELD dynamic economic load dispatch
DR, down-ramp limits of i generator in MW /h
d e coefficients of valve point effects of the i" generator
ELD economic load dispatch
F(P,) fuel cost function of the i generator in $/h
nt number of intervals
ng number of generators
PM proposed method
Psit real power generation at i" generator at interval-t
P & PI minimum and maximum generation limits of i" generator respectively
Po: total power demand at interval- t
P, net transmission loss at interval-t
UR, up-ramp limits of i" generator in MW /h
D(Ry) objective function to be minimized

I. INTRODUCTION

Dynamic Economic Load Dispatch (DELD) performs computation of the most economical generations so as to
supply the forecasted power demand over a scheduling period at lowered operating cost, while satisfying several
operational constraints that includes the ramp-rate limits of the generators. The ramp-rate constraints influences the
scheduling of the subsequent intervals. DELD schedules the generations in advance taking into account the sudden load
changes in the subsequent intervals. It is a nonlinear and large dimensional complex optimization problem, whose size
exponentially increases with system size and scheduling period [1].
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Over the years, many methods were suggested in the literature for solving the DELD problems. At earlier stages,
mathematical or heuristically-based approaches, such as gradient projection method [2], linear programming [3],
interior point methods [4], etc. were developed. Though they have several advantages such as mathematically proven,
suitable for large-scale problems and not requiring any problem-specific parameters, they may land at sub-optimal
traps, be sensitive to the initial guess, require functions to be differential, not handle non-convex objective function, etc.
To overcome these drawbacks, methods involving artificial intelligence, such as neural networks, fuzzy logic, genetic
algorithm, differential evolution and particle swarm optimization were employed for solving the DELD problems [5-7].
Besides hybrid algorithms combining two or more approaches such as evolutionary programming with sequential
quadratic programming [8], and Hopfield neural network with quadratic programming [9] were suggested for better
results of DELD problems.

Recently, a Flower Pollination based Optimization (FPO), inspired from the pollination process of plants, has been
suggested for solving optimization problems [10]. In this approach, problem solutions are denoted by pollens of flowers
and the pollination is associated with sharing of pollens between local flowers and also from the global best flower.
This paper attempts to apply FPO in solving the DELD problem by dividing the problem into several sub-problems for
reducing the computational burden and improving the robustness.

Il. PROBLEM FORMULATION

The DELD problem can be formulated as an optimization problem with an objective of lowering the total generation
cost of all ng generating units over the given dispatch period of nt intervals while satisfying several constraints.

nt ng
Minimize ~ ®(P,) :Z ZFi(PGit) @
t=1 =l
Subject to
ng
ZPGit—PDt—PLt ~0 tent @)
i=1
POM < Py < PO ieng, tent ©)
Psit — Psita SUR; ieng t=2,---,nt 4
Psita —Psit <DR; ieng t=2,---,nt @
Where
F (PGit)= a;Pg + 0Py +¢ +| d; sin {ei(PGTin - PGit)}| (5)
ng ng ng
P = Z Poit Bij Fs it +ZBOk Pk + Boo (6)
i1 el k=1

I1l. PROPOSED METHOD

The number of decision variables in DELD problem equals the product of the number of generating plants and the
number of intervals over the scheduling horizon, thereby making the solution process very complex involving large
computational burden. The proposed method (PM) divides the DELD problem in to a number of sub-problems, each
representing an ELD of interval-t and then employs FPO for solving each sub-problem, while at the same time
accounting the ramp-rate limits. Each flower [10] in the DELD is denoted to represent the real power generations of
each sub-problem as
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fi = lPGl'U Pszw"'v PGngtJ (7)

The fitness function is formed for the t —th sub-problem as

Maximize FF=—— 1ng 8
1+ Z F(Pei) + KlZ(PGiI — Py =Py )2
i=1 i=1
At arandom initial interval t =t°, the lower and upper bounds of the flower is set as
frm = [Pomlin ) Pszin (A Pomnign ] )
.I: max — I:PGmlaX , szax RE PGngX ]

The FPO is then applied for solving the economic load dispatch (ELD) problem of the initial interval-t . Then the same
solution process is continues for the subsequent intervals t =t +1, with the lower and upper limits for the flowers, set
by accounting the ramp rate limits of Eq. (4) and solved using FPO.

f min — I:.I:lmin, .I:zmin e .I:nzin ]

max _ max max . max
I [ L P )

] (10)
Where

.I:_min _ PGit—l - DR| if (PGit—l - DRI )2 Pijin
: Py else

(11)
§ max PGiFl +URi if (PGit—l +URi )S PijaX
j = max

P else

The above FPO based solution process is repeated by incrementing the interval -t till the last interval-nt of the

scheduling horizon. Similarly the preceding sub-problems of the initial interval t =t° is obtained by decrementing the
interval as t =t -1 and solved using the FPO till the solution for the first interval is obtained. The limits of the flowers
during this phase are modified as
.I:_min _ PGit+1 _l_JRi if (PGit+1 _URi )2 Piji”
! Pe else

) (12)

.I:_max _ PGit+1 + DRI If (PGit+1 + DRI )S PijaX
j max
P else

The real power generations obtained for each interval over the scheduling horizon represent the optimal solution of the
DELD problem. The solution process, requiring FPO [10], of the PM is explained through the flow chart of Fig .1.
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interval- t by employing
FPO
:

Fig 1 Outline of the PM

IV. SIMULATION RESULTS

The PM is applied on a test system possessing 10 generating units. The economic generations obtained by the PM
for the test system are furnished in Table 1. The fuel cost of the PM is compared with existing published methods of
GA and AIS in Table 2. This table shows that the fuel cost of PM is much lower than the existing methods.
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Table 1 Economic generations

extended to include emissions in the solution process.
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V. CONCLUSION AND FUTURE WORK

The FPO, inspired from the pollination process of plants, searches for optimal solution for multimodal optimization
problems. A novel methodology using FPO was developed for solving DELD problem, which is a complex non-linear
optimization problem involving large number of decision variables and the ramp rate constraints. The problem is split
into a number of sub-problems and each sub-problem is solved using FPO. The simulation results on a standard test
system clearly exhibits the robustness and computational efficiency of the proposed method. The method can be

H P, Optimal Generations (MW)
our (MW) o1 Ps2 Pss Pes Pes Pss Per s Peo Peto
1 1036 150 | 135.22 | 90.62 | 83.56 | 175.84 | 124,19 | 129.80 | 71.15 | 52.10 | 43.39
2 1110 150 135 | 137.52 | 62.73 | 178.36 | 158.76 | 129.59 | 87.48 | 49.42 | 43.40
3 1258 150 135 | 184.14 | 112.76 | 223.11 | 157.65 | 104.19 | 117.47 | 58.32 | 43.41
4 1406 | 209.27 | 135 | 241.13 | 150.15 | 238.26 | 159.97 | 108.47 | 104.40 | 52.05 | 43.40
5 1480 | 193.32 | 135 | 313.13 | 162.25 | 223.84 | 138.23 | 129.99 | 100.49 | 80 | 43.39
6 1628 | 219.23 | 194.64 | 337.19 | 201.24 | 204.93 | 147.10 | 129.57 | 120 80 | 43.40
7 1702 | 204.11 | 255.46 | 326.34 | 244.35 | 224.30 | 148.03 | 129.81 | 120 | 59.73 | 43.41
8 1776 | 215.26 | 299.67 | 303.46 | 266.84 | 234.13 | 143.72 | 129.80 | 120 | 79.30 | 43.41
9 1924 | 263.42 | 303.42 | 340 | 299.94 | 243 160 | 129.95| 120 80 | 54.97
10 | 2022 | 336.69 | 336.80 | 340 300 243 160 130 120 80 55
11 | 2106 | 370.72 | 395.36 | 340 300 243 160 130 120 80 55
12 | 2150 | 369.65 | 444.45 | 340 300 243 160 130 120 80 55
13 | 2072 | 340.13 | 388.42 | 340 300 243 160 130 120 80 55
14 | 1924 | 279.14 | 345.21 | 308.43 | 273.57 | 242.74 | 160 | 129.96 | 120 | 79.97 | 54.90
15 1776 | 215.07 | 289.61 | 301.63 | 297.31 | 241.12 | 158.44 | 129.70 | 106.68 | 52.04 | 43.44
16 1554 150 | 214.16 | 240.72 | 248.43 | 222.89 | 148.35 | 129.76 | 120 | 79.90 | 43.44
17 1480 | 196.34 | 136.22 | 190.54 | 242.59 | 230.30 | 160 | 129.67 | 120 | 69.70 | 43.43
18 1628 | 234.12 | 216.05 | 211.34 | 254.34 | 227.56 | 160 | 129.93 | 120 80 |43.41
19 1776 | 276.18 | 219.36 | 269.62 | 294.58 | 242.41 | 160 | 129.70 | 120 80 |43.41
20 | 1972 | 331.13 | 293.72 | 334.25| 300 | 242.89| 160 | 129.90 | 120 80 55
21 1924 | 261.45 | 305.25 | 339.74 | 300 243 160 | 129.94 | 120 80 55
22 1628 | 208.82 | 225.02 | 261.24 | 288.37 | 224.89 | 123.55 | 129.96 | 120 | 52.03 | 43.40
23 1332 150 | 153.34 | 188.56 | 242,58 | 181.50 | 104.82 | 129.60 | 120 | 50.07 | 43.41
24 | 1184 150 135 | 129.48 | 239.22 | 157.19 | 122,90 | 99.60 | 91.69 | 40.70 | 43.42
Table 2 Comparison of fuel cost of DELD
Fuel Cost ($/day)
PM GA [5] AIS [11]
2516594 2516800 2519700
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