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ABSTRACT

This paper presents a solution to (SCUC) securitgstrained unit commitment problem with an objestiv
function defining equality and inequality consttairof the system. The objective of the problem Ww#l solved using
multiple optimization function with the constrairés power balance, spinning reserve, operatingdiwi real power,
minimum up & down time, emission etc.. These argjetied to generate the solution for the problermusing hybrid
BAT search algorithm. So, by this type of mostremoical operation of modern power systems allocfiesoptimal
power generation from different units at the lowesst possible there by meeting all the system @iond. The
performance of the suggested method is practicetiAimLAB platform and the results are assessed thinoBrunit testing

system.

KEYWORDS: BAT Algorithm, BAT - GA Algorithm, Constraints, $arity Constrained Unit Commitment and Unit

Commitment
I. INTRODUCTION

The planning and optimum economic operation of pogeneration systems is an important concern iotréde
power sectors [1]. Unit commitment (UC) is an imaot function referred to power generation of reseumanagement in
a power system [2]. This operation of power systes@scentral task which is reliable and efficig8jt The main objective
of the UC problem is to ascertain definitely a getinimal cost turn-on/turn-off schedules for snitf power generation
to equalize a load demand by satisfying the opmmaticonstraints [4] such as capacity reserve, mim up/down time,
and operating limits [5]. Therefore the standard pf@blem is to reduce the cost of power producedhleygenerating
units and the start up cost of the generating UbitsThe evaluation of Unit Commitment problem (BCis really a
detailed optimization problem which considered w® tsub-optimization problems as the combinatoriadbfem of

generating units that would be a very huge number [

The unit scheduling problem is to determine whestsst up and shutdown units so that the total atpey cost
can be minimized, while simultaneously satisfyitg tsystem and the generator Constraints [8]. Ecanalispatch
problem in electric power system is to determire generation levels for all on-line units which miize the total fuel
cost and minimizing the emission level of the systevhile satisfying a set of constraints [9]. Inygy systems the UC is
an optimization problem of determining the on/dtites of generating units that minimize the opegatiost for a given

time horizon [10].
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There have been several mathematical programmatgpiggues involved to solve the unit commitment peois
like Genetic algorithm, Evolutionary programmingheaique, Tabu search, Particle swarm optimizatioth Ant colony
search algorithm [11]. Genetic algorithm works vatpopulation of candidate solutions, and thederigoes are based on
the principles and mechanisms of natural selecaiuh “survival of the fittest” from natural evolutig12]. The fitness of

each member of the population is computed by aluatian function that measures wellness of an iidial [13].

The Tabu search depresses the possibility to lomavergence in the early stages of the iteratidhgs enables
the candidates to explore new solution spaces tdefter solutions [14]. Particle swarm optimizatiPSO) has more
effectiveness in solving integer programming prabldt was also used as a pre-processor for gengrgiod initial
points in a branch and bound technique of an imtpgggramming problem [15]. In particle swam optiation techniques
the unit commitment variables are coded as inteddris formulation drastically reduces the numbiedexision variables
and UC problems [16].

Ant colony search algorithm (ACSA) mimics the bebavof real ants [17]. Therefore the Ant colony
optimization technique was used to solve the probtd economic dispatch in a large-scale power sysie8].For
optimization problem the Ant colony optimizatiorcikmiques is applied to achieve minimum total geti@macost [19]. K.
Chandrasekaragt al. [20] have explained a new biologically-inspireithdry real coded firefly (BRCFF) algorithm to
solve the unit commitment problem (UCP) by consitersystem and generating unit constraints. Theflyir(FF)

algorithm was inspired by the flashing behaviofiflies and the phenomenon of bioluminescent camication.

Quanyuan Jiangt al. [21] have described a transient stability comsé@d unit commitment (TSCUC) model
which achieves the objective of maintaining bo#ngient stability and economical operation. In & CUC model,
transient stability constraints are incorporatet ithe framework of unit commitment. Chaoyue Zleal. [22] have
proposed a novel unified stochastic and robust eonitmitment model that takes advantage of bothhsaisiec and robust

optimization approaches a low expected total cdlevensuring the system robustness.

The rest of the paper is organized as follows: i@ectl security constrained unit commitment (SCUC)
formulation with constraints in transmission systdrhe BAT algorithm is represented in section Tihe proposed hybrid
algorithm is explained in section IV. The proposdgorithm results are tested with 3-unit for 24uhtbad demand in

section V. In section VI summarization of conclusie presented.
II. SCUC AND FORMULATION OF SCUC

Unit commitment (UC) is the most efficient procéssreducing the start up cost, shut down costfarticost in
generating units. While generating powers thera ishance for problem occurrence. This problem acclue to the
improper unit schedule and economic dispatch problen the generating systems, since the UC prolkinces the
output power and start up costs of the generatistem. If the problem is not isolated correctly tust requires for the
system increases compared to the output power gieaerSo the problem identification and distribataf the generating
units is very important in power systems. The nudijective of the UC problem is to determine a miicost turn-on and
turn-off schedule of a set of electrical power gatiag units to meet a load demand while satisfyarget of operational
constraints. The cost of power produced and th# gpacost by the generating units are the two $ewhich minimizes

standard UC problem.
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The objective function of the unit commitment U®Ipiem for N generating units and T hours can bdtevrias

follows:

MiF =3 TR (Py) = 5@ +b P, +Py) )

Where F is the total generation cost (Rs/Mwh)jsFthe input output function of generator i, Ngtletotal
number of online generatorsy B the active power output of generator ‘i’ (Mw)caa, b, c are the fuel cost coefficients of

generator ‘i'.

The fuel cost function is represented as:

Gi(P)=a+bi(Pg)+c( szi )+‘ei Sin(fi (Pimin -R ))‘ @)

The Constraints Subjected are:
A. Power Balance Constraint

The total power generated by the units must beldquthe sum of total load demand and total realgrdoss in

the transmission lines. Hence the constraint is:

Ng _
“P, =P, +R, a0

Where P; is the total load on the system and i® the transmission loss (Mw). The transmissiossés are

considered, these are calculated using B- coefisie

_ Ng Ng
Where P, = Z‘m — PenBnPan

(4)
P....Ps, = realpowergeneratioratm,n" plants B, = Loss coefficients which are constraints under

certain assumed operating conditions.

B. Generation Capacity Constraints

The real power output of generating units mustdstricted within their respective lower and uppeurds as
follows: (For i=1...... Ns)

min max
P <P, <Pj

(5)
Where Pg'}"" and P;™ are the minimum and maximum power outputs of fheriit.

C. Spinning Reserve Constraints

Spinning reserve is the difference between totakimam power from all online generating units withtal

demand at the specified time. Generally spinnisgmee constraint equation can be defined as follows

N
ZPW2%+R
i-1 (6)
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D. Minimum Up and Down Time Constraints

Minimum up time is the minimum time when the getieaunit had just turn on to go back in off mofiéean
while of minimum down time in UC is to turn on to gack in online mode minimum time when generating had just

turn on to go back in online mode. Minimum up andimum down time can be expressed in this equation,

h-1
U, =1for YU, <up,
t=h-up, (7)

h-1
U, =0for > (1-U,)<down

t=h-down
[ll. BAT ALGORITHM

Bat algorithm is a meta-heuristic optimization altfon developed by Xin-She Yang in 2010[28]. Thet Ba
algorithm is based on the echolocation behaviolraté. Bats have the ability to find their prey aigtriminate different
types of insects even in complete darkn@$® echolocation behaviour of micro-bats can bel is®ptimize an objective

function [29].
A. Movement of Bats

The movement of the bats depending upon the vglobianges with respect to time step. The new soisti,

and velocities ; at time step t are given by:

fi = foin + (fnax— fmin) * B (8)
Xit - Xit—1+ Vit (9)

Where,B € [0, 1] is a uniformly distributed random vectgr.is the current global best location (solution) whic
is located after comparing all the solutions amalhghe n bats. For the local search, once a swluf selected among the

current best solutions, a new solution for eactidgénerated locally using random walk;
Xnew = Xoig + € A' (10)
Where ¢ € [-1, 1] is a random number, whilé A<A' > is the average loudness of all the bats atithis t.
B. Loudness and Pulse Emission
The loudness Aand the rate of pulse emissigmure updated accordingly as the iterations proceed.
AP =g Al (11)

™ =17 [1 - exp(yt)] (12)

Where,o andy are constants.
IV. HYBRID (BAT-GA) ALGORITHM

The BAT algorithm based Genetic algorithm is usadsblving the unit commitment problem. By utiligiGA in
BAT objective function helps as good search toalduse of random solutions and convergence, in @theds this means

that the entire population is improving, but thmuld not be said for an individual within this pdgtion. This hybrid
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technique reduces the speed of convergence range.
V. SIMULATION RESULTS

BAT algorithm is comparatively a new optimizatioly@ithm [1] but the hybrid BAT-GA algorithm approa
has not been applied to solve SCUC problem sdrasrder to attain the effectiveness of proposed B2A algorithm is
programmed in MATLAB environment. The proceduralusion for unit commitment problem consisting thijextives
and constraints are represented for the unit sédediu a given period. The hybridised BAT-GA algbon was tested to
determine the effectiveness of the considered systas tabulated and even compared with BAT algerghdata and

results.

In order to test the importance of the proposedibyalgorithm, here considered for 3- unit systéhe system

parameters are tabulated.

The following parameters have been chosen for sitiuis: bat length=5; iterations=100; no. of ho@#=Table
1 and Table 2 represent the data related to 3sysitem. The effective results are tabulated foni8-system Ill. From
Table 3 the applicability of the proposed methadsfmlving UC problem is highlighted. The proposeetinod has reduced
the operating cost when compared to BAT technidje The total operating cost has been reduced psesenting its
effectiveness. As in BAT approach [1] the totaltdos unit-3 system is seen as 189337.7%, whelie asoposed hybrid
BAT-GA algorithm approach the reduced operating ¢®477103.8301%. The extension of work can bereded to 10

unit system also.
VI. CONCLUSIONS

This paper motivated a methodological solutiongousity constrained unit commitment (SCUC) by angilall
the constraints related to network and units. Thbrid algorithm generated optimal results undez #pecified
constraints. When compared with computational d@lgais and BAT algorithm, this offspring approachs heuperior
features of quality solution, stable convergence aomputational efficiency. Therefore, BAT-GA algbm is a
promising technique for solving complicated probdéempower system and reduces the uncertaintigsgtement optimal
solution while using conventional techniques. Tiesv hybridised BAT-GA algorithm is used to solvatuwwommitment
problem and even for increased number of generatiits. Thereby its reliability and applicabilityf this optimised
technique is extended as by reducing the totalymiiah cost of power generation irrespective of $beurity constraints

considered in the power systems unit commitment.
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Figure 1: IEEE-6 Bus System (With 3- Generating Uris)
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Table 1: Data for Unit -3 System

Gen No A B C Pmax Prin Tem To | Strt-Cost | C Hour
1 176.9 13.56| 0.1 220 100 4 4 100 1.2459
2 129.9 32.6 0.1 100 10 2 2 200 1.2469
3 137.4 17.6 0.1 20 10 2 2 0 1.2462

Table 2: Load Demand for 24 Hours

Hour 1 2 3 4 5 6 U 8 9 10 11 12
Demand | 290 250 240 300 200 28( 280 220 250 110 160 240
Hour 13 14 15 16 17 18 19 20 21 22 23 24
Demand | 280 310 180 250 230 16( 210 180 280 210 240 180

Table 3: Result for 3-Unit System(using BAT-GA)

Hour | Unit-1 Unit-2 Unit-3 | Start Up | Fuel Cost
1 185.237| 100.7867 0 0 10551.37
2 152.323| 79.31469 18.37 0 8400.671
3 115.242| 104.0906 0 0 7674.40
4 193.879| 86.32343 0 0 10254.03
5 180.729 0 0 0 5893.92
6 191.77 | 72.64643 0 200 9680.81
7 205.775| 51.05751 0 0 9256.65
8 159.82 | 39.33063 0 0 6465.10
9 186.328| 49.479 0 0 8163.10
10 146.998 0 22.997 0 4926.09
11 133.105 0 18.315 0 4246.79
12 129.469| 87.19535 0 0 7341.50
13 166.666| 94.3878"5 0 0 9312.51
14 203.331| 94.08083 0 0 11150.51
15 158.7 0 0 0 4847.46
16 181.649| 48.65749 19.668 200 8614.7%
17 167.704| 40.99761 0 0 6897.94
18 137.44 0 0 0 3929.59
19 185.216 0 0 0 6118.93
20 155.006 0 13.49 0 5074.54
21 204.864| 55.26853 0 0 9388.94
22 168.746| 20.22655 0 0 6142.85
23 148.983| 75.99006 14.998 0 8025.11
24 156.455 0 0 0 4746.28
Total Cost 177103.8
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