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Generation Scheduling wsing Genetic Algorithm
basel Hybrid Tedniques

Keshav P. Dahal, Stuart J. Galloway, Graeme M. Burt, Member, IEEE, and Jm R. McDonald, Senior
Member, IEEE

Abstract-- The solution of generation scheduling (GS) problems
involves the determination of the unit commitment (UC) and
economic digpatch (ED) for each generator in a power system at
each time interval in the scheduling period. The solution
procedure requires the simultaneous consideration of these two
decisions. In recent years researchers have focused much
attention on new solution techniques to GS. This paper proposes
the application of a variety of genetic algorithm (GA) based
approaches and investigates how these techniques may be
improved in order to more quickly obtain the optimum or near
optimum solution for the GS problem. The results obtained show
that the GA-based hybrid approach offers an effective alter native
for solving realistic GS problemswithin arealistic timeframe.

Index Terms—- Unit commitment/Economic dispatch, Genetic
algorithm, Hybrid approach.

I. INTRODUCTION

HE solution d generation scheduling (GS) problems

involves the determination d the unit commitment (UC)
and emnamic dispatch (ED) for ead generator in a power
system at ead time interval in the scheduling period [1],[2].
UC deddes which dof the generating urits are on a off in eath
time interval of the scheduling haizon and ED determines the
dlocdion d the power output (system load) to the generating
units. The solution d GS problems requires the simultaneous
consideration d these two dedsions. Of coursg, this is one
large problem, manifesting itself mathematicdly as a mixed-
integer-programming problem. However, historicdly it was
regarded as two separate problems, largely becaise of the
complexity of the ambined problem. In general, GS problems
are highly constrained and combinatoria in nature, and
cortinue to present a dalenge for efficient solution
techniques[1], [2]. In the open energy market environment the
GS problem can be even more mmplex requiring a whde
range of financial and technicd isaues to be aldressed in the
solution process[3].

A variety of different techniques have been employed to
solve the UC/ED problem [1]. Mathematicd programming
techniques work efficiently and oliain the optimal solution for
problems with small dimension undr certain condtions and
assumptions. However, these gproaches are severely limited
by the 'curse of dimensionality' and are poa in handing the
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norlinea objedive functions and constraints that typicdly
charaderize the GS problem [4]. Therefore, very often the
solution d such scheduling poblems is approached by
heuristic-based methods and expert systems [1]. In general
these gproaches use a trial-and-error method to med
objedives in the time interval under examination. The
tendency is to consider ead generating unt separately and
consequently, these methods canna guarantee the optimal
solution. Expert systems generaly require alot of operator
interadion. Furthermore, solution approaches of these types
are based onspedalized techniques that work particularly well
for a given problem but are only of limited applicability to
other problems[1].

In recent yeas reseachers have focused much attention on
new solution techniques to GS [2], [5]. This paper proposes
the gplicaion d a variety of genetic dgorithm (GA)
approaches for solving the GS problem. The main
disadvantage of the GA approach is often a large
computational time [6]. This paper investigates how GAs may
be improved in order to more quickly obtain the optimum or
nea optimum solution. Five GA-based approacdes, from a
simple GA to a hybrid GA, are developed and studied for a
test GS problem. Although the proposed techniques can be
adapted to tadkle GS problems in the open energy market
environment, in this paper the gplicaion o these gproaches
are demonstrated for a cetralized GS problem. The results
obtained show that the GA-based approach doffers an effedive
aternative method for solving redistic GS problems within a
redistic timeframe. The paper is organized as follows. Sedion
Il describes the general GS problem and the test case study.
Sedion Il discusses the proposed GA approadies, their
implementation and the results obtained. The nclusions are
noted in Sedion1V.

II. PROBLEM DESCRIPTION

A. Problem statement

The GS (UC/ED) problem is a short-term scheduling
problem, typicdly with a scheduling period o twenty-four
hous. The main oljedive of a cetralized GS problem is to
minimizethe total cost of power generation in a power system
over the scheduling period [1]. The total cost of generation
depends on the operating, start up and shut down costs of the
individual generating urits, summed ower al units and time
intervals. Thisis sibjed to avariety of operational constraints.
The total generation must med the forecat demand and



network losses, moreover there must be a cetain level of
reserve cgadty available. Individual generating urits are
charaderized by constraints including the minimum and
maximum generation levels, ramp rate limits on the increase
and deaease in generation, and the minimum up and davn
times. There may also be limits on the generation within locd
ares. The objedives and typicd constraints of the GS
problems are caraderized by nonlinea, multi-model and
discrete functions.

B. Test case study

For demonstration clarity a small test problem invalving
five generating urits and six four-hou time periods is
considered. The problem is to schedule the generation d eat
generating urit for ead time period. This test problem is
taken from the example presented in [7] and hes been
designed to incorporate some of the dharaderistics of larger
systems. The test problem provides a simple benchmark for
demonstrating the gplicaion and analysis of the gplicaion
of GA-based approaches. Data for the test problem is given
Table I. The reserve cagadty of the power system is required
to be greder than or equal to 200MW. Locd area onstraints
require that the sum of the generation d generating urits 1
and 2minus the sum of the generation urits 3, 4 and 5must be
within the range of [-200MW, +200MW]. The MW demands
(including losss) for the six time periods are: 1000 168Q

160Q 184Q 1600and 1200
TABLE |
RELEVANT DATA OF GENERATING UNITS,

Unit [ Min gen. | Max gen. | Fuel cost | No-load cost | Start-up cost
(MW) (MW) unitsMWh units’hr
1 130 500 25 125 1250
2 250 500 20 200 1500
3 165 660 1.0 132 6600
4 50 200 30 120 900
5 0 340 6.0 102 204

To avoid the complicaion d initial and final condtions, a
cyclic boundry condtionis adopted. This boundry condtion
means the sequence of eventsis asaumed to reped indefinitely
(the first time step foll ows the last).

C. Optimum solution

This GS problem can be formulated as a mixed integer-
programming (MIP) problem [7] with binary commitment and
start-up variables, and continuows generation dspatches
variables. Althoughthe general GS problems are inherently
norlinea in nature, the objedive ad constraints of the test
problem can be formulated with linea functions. This linea
MIP can then be solved using the branch and bound(B&B)
technique. This linea MIP problem has been solved using the
AMPL programming language with OSL solver routines [8].
The optimum solution d the problem found ly the solver is
givenin Tablell, and hes atotal cost of 76172 uiits. The time
taken by the branch and boundmethod s 1.4s. This however,
is not applicable to large-scde problems as the cmputational
time increases prohibiti vely with the problem size

TABLE Il
OPTIMUM SOLUTION OF THE TEST PROBLEM.

Generating urits

Periods 1 2 3 4 5
1 130 270 600 OFF OFF
2 440 500 660 80 0
3 390 500 660 50 OFF
4 500 500 660 180 0
5 390 500 660 50 OFF
6 130 410 660 OFF OFF

Cost 76172

I1l. PROPOSED GA APFROACHESAND TEST RESULTS

A. GAs andimplementation

GAs are seach and opimisation methods based ona model
of evolutionary adaptation in nature [5],[6]. Unlike traditional
“hill -climbing methods invalving iterative dhangesto asingle
solution, GAs work with a popuation d solutions, which is
‘evolved’ in a manner analogows to natura seledion.
Candidate solutions to an ogimisation poblem are
represented by chromosomes, which for example encode the
solution perameters as a numeric string. The ‘fitness of eah
solution is cdculated using an evauation function which
measures its worth with resped to the objedive ad
constraints of the optimisation problem. A new 'generation’ of
the popuation is creaed hy stochastic operators - typicdly
‘crosover’, which swaps parts of solution strings
(chromosomes), and ‘ mutation’, which changes randam bitsin
the strings. Relatively ‘fit’ solutions survive, ‘urfit’ solutions
tend to be discarded. Successve generations yield fitter
solutions, which approach the optimal solution to the problem.
The aedionand evaluation d alarge number of solutions can
be omputationally costly [6].

Here we propase anumber of GA designs, from a basic GA
to an advanced hybrid approach, in order to improve their
performance ad the mputational time to oltain the
optimum or nea optimum solution for the GS problem. For all
of these GA designs a binary string hes been adoped to
represent candidate solutions of the UC/ED problem [9]. A
penalty function approach has been used to take acournt of the
constraints for the test problem [10]. The penalty value for
eat condtraint violation is propationa to the amourt by
which the constraint is violated. The evaluation functionis the
weighted sum of penalty values for eat constraint violation
and the objedive function itself.

The particular GA parameters (popuation size, number of
generations, crossover probability and mutation probability)
that give the best performance for eathr of the proposed
approaches have been identified after a process of
experimentation. The general approach adopted duing the
tests of ead of the GA designs was to condct ten runs urtil
the stoppng criterion (a given number of generations) is
readied. The best solution oliained, computational time for
one run and mean computational time to oktain the optimum



solution (if found were recorded for eat of the propcsed GA
designs (see Table Il later). The different GA designs have
been implemented on a Sun Sparcstation 1000 using the
Reproductive Plan Language, RPL2 [11].

The following subsedions outline apeds of the dternative
GA designs used in the experimentation. A more detailed
description o these dternativesis availablein [4], [7], [12].

B. Two stage GA

A two-stage GA approadh is propcsed to solve the GS
problem. Firstly, the UC problem is lved taking into acourt
the full output of generators for ead time period. Secondy,
using the obtained UC results, the dispatch variables (ED) are
determined. GAs are used for baoth stages.

In the first stage GA a binary string hes been adopted to
represent candidate solutions of the UC problem. The string
uses thirty binary bits to represent the commitment variables
for the five generators over the six time periods of the test
problem. Ten of the best UC solutions given by the fist stage
GA have been forwarded to the second stage of the dgorithm.

In the second stage the output of ead committed unt is
identified for the best ten commitment dedsions obtained in
the first stage using an independent GA. A binary string is
used to encode the dispatch variables of the ED problem. A
five bit-string is st for eady committed generator in ead time
period. With this approach the length of a GA string varies
acording to the ommitment dedsions. The maximum length
of asinge string for thistest problem is 150 hts.

The best solution found ty the two-stage GA approach has
a st value of 76328 The computational time taken by one
run d the first stage GA was typicdly thirty seaonds. One run
of the second stage GA to cdculate dispatch variables for one
set of UC variables took about seven minutes, i.e. for the ten
sets of the UC it took abou seventy minutes. This is very
laborious and time cmnsuming and could na be used for large
problems withou an improvement.

C. Explicit GA

An attempt at encoding bdh the UC and ED between
committed urits in a single GA is here referred to as an
explicit GA. A problem representation has been designed
using a binary string which includes binary sub-strings for
ead unt at a scheduling period. A sub-string containing six
bits has been used to represent a generating urit at a particular
time period. Of the six bits, one bit represents commitment
and the remaining five binary bits indicates the ED variable of
the unit for that time period.

The omputationa time taken for a run d the GA was
approximately eight minutes. The explicit GA has been able to
find the optimum UC dedsion for the problem. This approach
however, could na find the optimum values of the dispatch
variables. The best solution found ly the explicit GA has a
cost value of 76232

Unlike the two-stage GA approadh, the eplicit GA
incorporates both the UC and the ED problem during the
solution process and solves this as a single problem. The
computational time required for the explicit GA, however, is

very large (abou eight minutes) given the size of the problem.

D. Integrated GA

The proposed integrated GA decompases the scheduling
problem into UC and ED problems. Fig. 1 shows the structure
of the integrated GA for solving the GS problem.

Unit commitment

(GA string)
Commitment variables Commitment variables
SN
Economic dispatch
(Iinee(;al p?glg?;?r?ming > s mcglﬁlngitgn\/d A
or heuristic approach) dispatch varishles

l Evaluation value

Fig. 1: Structure of the integrated GA approach.

The UC problem is an integer problem and is represented in
the GA solution string as a binary array as in the two-stage
GA. The combinatorial asped of the UC problem is a natura
target for the gplicaion d GAs. The ED problem is a red
number (continuows) problem and can therefore be solved as
part of the evaluation value caculation as indicaed in Fig. 1.
During the cdculation d the evaluation measure of ead
string first a linea program (LP) ED is formed for the given
commitment dedsions and the LP is lved to gve dispatch
variables. Sewndy, the evaluation value is determined from
the total cost plus a weighted sum of penalty functions. This
takes into acourt infeasibility of the LP problem. AMPL with
OSL solver routines [8] has been used to solve the LP
problem. The routine returns a minimum sum of infeasibility
when presented with an infeasible problem.

All ten GA runs with this design found the optimum
solution. The @mputational time taken for a run o the
integrated GA was approximately five minutes. The
computational time required for the integrated GA is gill | arge
given the size of the problem. If we compare this with the
computational time (abou half a minute) required for the GA
to solve only the UC problem, we conclude that most of the
computational time of the integrated GA is taken by the LP
(ED) problem. Improvements to this part of the problem were
therefore sought.

E. GA-heuristic hybrid

The propased GA-heuristic hybrid approach employs a
heuristic method for cdculating dspatch variables for the
given commitment dedsions rather than the dorementioned
standard LP solver as part of the evaluation value caculation.
In this heuristic method at ead time interval the dispatch
variables are successvely adjusted, using merit order, in order
to satisfy the group constraints and demand. This is achieved
by applying heuristics which take into acourt the values of
dispatch variables at previously set times, the given
commitments, and the unit cgpadties and ramp-rates. This

Evaluation function




approximate method poved to be a fast and sufficiently
acarate dternative to the exad LP method to oltain the
optimum commitment.

The hybrid was run for ten experiments. With this approach
the computational time taken by this approach was reduced
dramaticdly. One run d the GA-heuristic hybrid took abou
40s. The best solution found ly the GA-heuristic hybrid
approach has the st value of 76792 The best solution gven
by this approad is close to the optimum solution, and though
the evaluation function is approximate, the optimum
commitment is consistently found

F. Knowledge-based hybrid GA

The GA approac explained in the previous ®dion may be
further improved by hybridizing it with other approaches for
refining the candidate solutions before and/or after a GA
process A knowledge-based hybrid GA is proposed by
adopting the GA-heuristic hybrid approach with a pre-GA and
post-GA processfor the GS problem.

c
°
= can’'t-run
o
c
o)
(@]
= Can-run
g demand curve
Z e
kol
=) must-run
g 3|
3
2
1 »
unitsin .
merit order time

Fig. 2: Partitioning d generating urits.

For the pre-GA process a partitioning approach was
employed to identify the likely structure of the unit
commitments. The units are initially placed in merit order
(here in order of average running cost/MWh at full output),
and their cumulative total generations cdculated. Units which
lie sufficiently below the minimum demand are dassfied as
“must-run”; units which lie sufficiently above the maximum
demand are dassfied as “can’t-run”; and those remaining are
“can-run’ units. This alocdion is indicaed for representative
load curve in Fig. 2. The partitioning is redized through
implementation d expert knowledge. The resulting ‘ partition’
is then used to initialize the popuation d the GA. The
partitioning technique employed to seed the initial popuation
for the reported test problem uses a margin aroundthe demand
curve of t+500MW.

For the past-GA refinement, an LP approach is employed to
recdculate the exad ED solution to the best commitment
dedsions obtained from the GA. Again AMPL with OSL
solver routines has been used to solve the LP. However unlike
the integrated GA, the LP in the knowledge-based hybrid GA
is lved orly once for the best commitments given by the
GA. As before the evaluation value cdculation employs the
approximate heuristic method to determine the ED variables.

A total of ten experiments have been performed with diff erent
sedaled initial popuations using the partitioning approach. The
computational time taken by one run o the GA was abou 45s.
All ten experiments located the optimum solution with the
mean computation time of 14s.

G. Comparison d different GA approaches

Table 1l summarizes the results obtained using the
different approaches described in the previous ®dions. This
table shows the st of the best solution found the
computational time for the given number of iterations and the

mean computational time to find the optimum solution.
TABLE Il
RESULTS OBTAINED FROM DIFFERENT APFROACHES.

Techniques |Cost of best sol.| Comp. time| Mean comp. time to opt.
Branch-and- 76172 14s 14s
bound

Two stage GA 76328 4230 Optimum not found
Explicit GA 76232 4805 Optimum not found

Integrated GA 76172 300s 96s
GA-heuristic 76792 40s Optimum not found
Knowledge- 76172 45s 14s

based hybrid GA

In the two stage GA approacd the solution requires the best
set of UC solutions, rather than just the best one, from the first
stage & a template for the dispatch in the second stage.
Althoughthe first stage GA requires abou 30s to solve the
UC problem, the overal approac is quite time consuming
and therefore is inappropriate for applicaion to larger
problems.

The eplicit GA is also a time @nsuming approach and
therefore is unsuitable for larger problems without
significantly  improving its geed. Comparing the
computational time (30s) required for the GA to solve only the
UC problem, it is obvious that the large cmmputational time
required for the explicit GA is due to the inclusion d the ED
variablesin solution strings.

The integrated approach has been able to find the optimum
solution with a computational time of 300s. Here the LP
problem was lved exadly by using the LP solver to find the
exad solution to the LP problem. It is obvious again that most
of the computational time is taken by the LP solver, making
the integrated approacd still a computational costly method

The GA-heuristic hybrid found the optimum commitments
for the problem, but the exad optimum values for the dispatch
variables were not found

The results presented in Table 11l show that the knowledge-
based GA approach gves the best performancein terms of the
cost of the best solution found and the computational time
taken, compared with the other GA-based approaces.
However, the B&B technique found the optimal solution for
the test problem considered in 14s. The computational time
for the B& B technique however, increases prohibitively as the
size of problem increases. Furthermore, it canna realily be
applied to problems with norlinea objedives and constraints.

The knowledge-based GA has also been tested ona larger



nonlinea problem and hes been found effedive in
comparison with the Lagrangian relaxation technique. This is
discussed in more detail in [4], [12]. This approach dfers an
effedive dternative method for solving redistic GS problems
within aredistic timeframe.

IV. CONCLUSIONS

The paper has investigated the gplicdion d a variety of
GA approaches for solving the generation scheduling (Unit
commitment/econamic dispatch) problem in power systems.
Five GA-based approaches namely; a two stage GA, explicit
GA, integrated GA, GA-heuristic hybrid approach and
knowledge-based hybrid GA have been developed and studied
for the UC/ED problem.

The two-stage GA solves the UC problem by first
considering full unit capadty and then solves for the ED
variables for the best UC result obtained. The explicit GA
encodes both UC and ED problems in the solution string. The
integrated GA encodes only the UC problem in the solution
string and solves the ED problem within the evaluation value
cdculation wsing a linea programming (LP) method In the
GA-heuristic hybrid method the ED is lved by using a
heuristic goproach to cdculate dispatch variables. This
cdculation is approximate, however it requires much less
computational time @mpared with that required for the LP
method The knowledge-based hybrid GA uses the GA-
heuristic hybrid approach with pre- and past- GA processng.

The results obtained show that the knowledge-based hybrid
GA approadh is an effedive dhoicefor the solution d the GS
problem. In this approach, ead hinary string is a mwmplete
commitment schedule, and the rrespondng dspatched
generations are determined in the evaluation value cdculation
of eadth string. Domain knowledge of GSis used to define the
initial condtions of the GA. This has been shown to make the
method more nsistent in finding the optimum solution.
Scheduling rules are incorporated in a fast approximate
method d evaluating solutions, acceerating the computational
time of the GA to competitive levels. The results obtained
show that the knowledge-based hybrid approach dffers not-
inconsiderable alvantages over these dternative formulations.
Wheress it is computationally slower than a dasdcd branch-
and-bond solution for the small test system described, results
have been shown that it does not suffer the same rate of slow-
down as the problem grows - it is therefore more suited to
redistic problems.
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