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Abstract: The integration of wind power to the grid is essential to meet the growing power demand and possess a
challenge to unit commitment to meet the load demand at low cost for scheduling the generating units. A new
imperialistic competitive algorithm (ICA) has been developed for the above mentioned unit commitment problem for
solving deterministic and stochastic condition. This imperialistic competitive algorithm has been developed with
constraints, including generation limits, start up and shut down cost, minimum up and downtime along with ramp
constraint. The ICA has been studied initially on the 10 units 24 hour system and 40 units 24 hour system for the
deterministic load. Later, a wind generator has been added to the 10 units 24 hour system with wind data for 24
hours and the results are compared with genetic algorithm (GA), particle swarm optimization (PSO), hybrid particle
swarm optimisation (HPSO), shuffled frog leaping algorithm (SFLA), invasive weed optimization (IWO). The
comparison result is presented in this paper and it shows that the ICA gives optimized fuel cost of $482246.2 which
is less than the LR, GA, BFOA, SFLA, IWO for stochastic unit commitment.

Keywords: Deterministic load, Imperialistic competitive algorithm stochasticity, Unit commitment, Wind generator,

Ramp constraint, minimum up and down time constraint.
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2. Introduction

Unit Commitment (UC) is a complex decision
making optimization problem used for scheduling
the generating units for every hour of the horizon to
meet the load demand at low cost subjected to
different constraints and environment [1]. Now-a-
days, integration of wind energy sources in a
thermal power system is becoming more and more
popular due to its low operating cost and low
environmental pollution. The increasing penetration
of wind energy to the power system brings
uncertainty in the day ahead scheduling of
generating units [2].

Many significant research has been carried out
to address this uncertainty in unit commitment. The
most common approach is the stochastic unit
commitment (SUC) [3], a scenario generation
method to obtain the random factors, but results in
large computation time. Scenario reduction
techniques have been introduced to exclude the
improbable scenarios to overcome the above
problem. But it is more challenging task to cover all
possible scenarios that may lead SUC to costly
solutions [4-12]. The chance constraint unit
commitment (CCUC) is studied [13], to overcome
the above issue, it converts the uncertainty
distribution into the probabilistic distribution, which
is computationally challenging. Unlike robust unit
commitment (RUC), two stage CCUC is developed
[14] to circumvent this issue. However, RUC needs
a deterministic set of uncertainty rather than the
probabilistic approach to achieve operational
feasibility. This method suffers from increased
conservatives in solution [15-17]. The min- max
regret approach [18], Interval number programming
method [19] overcomes the above problem as well
as increases the robustness of the solution, has the
disadvantage of high computation time. Interval
Unit Commitment (IUC) is studied, to establish
uncertainty limit with upper and lower bound as in
RUC. In this approach central forecast is considered
to achieve optimality with a feasible solution than
SUC [20-21]. Another modeling the robust risk
constrained unit commitment (RRUC) focusses on
size of uncertainty limit [22]. Some of the studies
deal with hybrid modeling approaches like unified
stochastic and robust unit commitment, hybrid
stochastic/interval unit commitment to improve
robustness and accuracy [23, 24]. This paper is
mainly focused on optimization of power systems
for planning the scheduling of units as well as
economic dispatch of scheduled units. This work
putting in light on the decision problem of unit
commitment with wind generation in particular by
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considering ramping constraint as one of the
approaches. At first the ramp constraints are
calculated for thermal unit as 60% of rated capacity
so that the maximum and minimum ramp rates of
the system are obtained to cover the fluctuations of
the wind power. The wind unit will be incorporated
only when generated wind power satisfies the ramp
limit such that the system uncertainty is managed
[25].

In literature, different solutions using numerical
optimization techniques have been proposed to solve
the unit commitment problem such as dynamic
programming [26], priority list [27], Bender
decomposition [28], mixed integer programming
[29], exhaustive enumeration and branch and bound
method [27, 32] etc., Bio inspired techniques using
genetic algorithm [33], particle swarm optimization
(PSO) [34], bacterial foraging problem (BFOA) [35],
ant colony optimization (ACO) [36] , simulated
annealing [37], shuffled frog optimization algorithm
(SFLA) [38], invasive weed optimisation [51], etc.
The exhaustive enumeration method is a simple
combination  technique, suffers with  high
computation time [27]. Lagrange Relaxation (LR) is
fast and flexible, but it suffers in sub optimality [27,
29-31]. Branch and bound is a general optimization
algorithm wused in discrete and combinatorial
optimization [27, 32]. Priority list is fast, but highly
heuristic and gives more operating cost [27].
Dynamic Programming is good for a variety of sizes,
but more complex hence the computation time more
[27]. A new algorithm called an imperialistic
competitive  algorithm  (ICA) inspired by
imperialistic competition, which causes the colonies
to converge to global minimum cost function [39-
50] has been attempted in this research

In this paper imperialistic competitive algorithm
(ICA) [8-9] is used to solve the unit commitment
problem. Atashpaz — Gargariin (2007) introduced an
optimization based on the concept of dividing the
countries into two categories such as imperialism
and the colonies. Based on the best objective
function imperialists and the colonies are selected.
The both imperialist and colonies form empires.
Then the imperialistic competition begins to obtain
the global optimal solution. ICA has been
implemented in solving various optimization
problems like DG planning [39], template matching
[40], optimal design of plate-fin heat exchangers
[41] electromagnetic problems [42], power system
stabilizer design [43], linear induction motor design
[44], economic dispatch [45] and model reduction of
a detailed transformer model [46]. Recently
Imperialist Competitive algorithm [47] has also been
implemented for solving unit commitment with a
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thermal unit alone. In this proposed paper ICA has
been tested for integration of wind-thermal unit
commitment. Initially in this paper imperialist
competitive algorithm is tested on 10 unit 24 hour
system and results are compared with other
algorithms like LR, GA, SFLA, and BFOA. Later, a
wind generator is added to the system. The whole
system becomes stochastic, but considering it to be a
deterministic load, results are obtained.

The final result is obtained after unit
commitment on the system, focus on the generation
level (mostly in Megawatts) and the number of
generators on. The binary variables (0 or 1)
determine if the generating systems are on or off. In
addition, the fuel price at each hour is calculated
using economic dispatch. The final summation of
the fuel prices at the end of the last hour is
calculated. In next case wind data's are added to
generation side and the unit commitment done with
imperialistic competitive and fuel cost are calculated
in the last section.

3. Problem formulation

The most prominent objective of power system is
the minimization of the overall fuel cost [25]. It
plays a vital role in decision making for the efficient
functioning of the overall system which also
includes the startup cost as in Eq. (1).

minXl, X4 [CFi,t(Pi,tvi,t) + Si,tvi,t] (1)

The first term CFi; signifies the cost of
production of each unit i for every hour t. The
second term of the objective function denotes Si;
the startup cost of the units at that particular time.

3.1 Constraints

There are few constraints considered in carrying
out the operation of this system and the constraints
considered in this work are given below:

3.1.1. Generation constraints (Limits)

The power produced for each unit i should be
within the limits specified for each generator. The
minimum and maximum power limits for each
generator is taken into account [25]. This constraint
is put in the equation form as follows in Eq. (2).

Vi e Pimin < Pit < VitPimax )
Where i=1 2. Nandt=12...T
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3.1.2. Minimum up and down time constraints

The on/off time of the thermal units are
considered with hot and cold start-up costs. These
constraints are taken separately and calculated for
each hour depending on the on/ off status for the
next hour of the unit generation. Finally the sum of
all these startup costs is added and included in the
final fuel costs [25].

Off time of n unit thermal generator at t hour is
given in Eg. (3) And at the time of n unit thermal
generator at t hour is given in Eq. (4).

Tie-1"" =Ty 3)

When T; .°/ = 1,T,, %/
Tie-1%7 = Ty 4)

When T;,°" =1,T,,°"

3.1.3. Ramp constraints

Ramp constraints determines the value of
maximum power generation, can be increased or
decreased for a unit i, at hour t using in Eq. (5) and

Eq. (6).
Py — Pt 1 <UR(D) (5)
Pi¢_1— Pyt < DR(D) (6)

With the above mentioned constraints UC
problem is attempted in three case studies as given
below.

1. The ICA algorithm is applied to a 10 unit 24
hour thermal system and the operating cost is
calculated.

2. ICA is also implemented in a larger system of

40 unit 24 hours.
3. Later, stochasticity is introduced into 10 units 24
hour system using wind generation and the overall
fuel cost is calculated by the wind thermal system
[23].

4. Stochastic unit commitment

A wind generator is added to the thermal system.
After this addition, there is a change in the previous
unit commitment. The wind data considered here is
deterministic and is assumed to be available on the
specified hour, the addition of wind generator,
makes the whole system stochastic. Generally, the
wind fluctuates throughout the time frame, therefore
the output of the wind generators cannot be
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determined. In order to integrate the renewable
energy in deterministic framework, Eg. (1) is
reformulated as Eq.(7). [25]

min2?1:1 ZZ:1 [CFi,t(Pi,tvi,t) + Sievie] +
M Z?’=1 Z{=1(Wj1,lt - Wj,t)] (7

Such that,
Y P+ YN wi =D (t=12,..n) (8)

fre(ki) <0, (9)
fe(Sievig kie) <0, (10)
0<wj, <wj (11)
Ki.tPi min<Pi < kitPimax (12)

Where M is the huge number of costlier unit, w;; is
the output power of wind farm at t, w;;" is the actual
power of wind generator, P;, is the power
generation of unit i at time t; f; is the constraint
with integer variable; f., is the startup cost
constraint and shut down cost constraint; Pjmin, Pimax
is the minimum and maximum power limit of
generator i Eq. (7) has operation cost and start up and
shut down costs of both thermal generators, and wind
power generator. The Eq. (8) denotes power balance
constraints; and Eqg. (9) indicates minimum on and off
time constraint and the fc in Eg. (10) denotes the
startup and shut down cost constraint; Egs. (9) and
(10) represents the minimum and maximum power
limits of both wind and thermal generators.

An additional ramp constraint is included, to
consider the wind power generation (WPG) in the
existing system i.e. Maximum up and down ramp
constraint of the unit. This gives the maximum value
of power generation that can be increased or
decreased for a unit i at hour t. [25].

URpax = d X Pi,max (13)

DRygx = d X Pi,min (14)

The ramping up or down constraint of the unit is
shown below in Eq. (15) and Eg. (16),

URi(t) = min{URi,min ’ Pi,max - Pi,t} (15)
DRi(t) = min{DRi,max ’ Pi,t - Pi,min} (16)

The wind power fluctuations are absorbed by the
system ramping capacity using Eq. (17) and Eq. (18)
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P,,(t) — P,,(t — 1) < TDR(t), @17
iwal(t - 1) < Pwl(t)
Pwl (t - 1) - Pwl (t) < TUR(t) (18)

ifpwl(t) < Pwl(t - 1)

The wind generation is committed only when the
available wind generation satisfies the ramp
constraint of the system, [17]. Where Py, (t) is the
wind power at time t, TDR (t) is the total ramping
down at time t, TUR (t) is the total ramping up time
at time t, Puy (t-1) is the wind power at time t-1.

5. Imperialistic competitive algorithm (ICA)

ICA is the global search algorithm based on the
concept of imperialism and colonialism. In recent
years, many optimization problems are solved using
imperialistic competitive algorithms. The algorithm
starts with the initialization of random values called
countries. In this cost function used to find the
power of each country. Based on the imperialist
power, empire and colonies are selected. This power
is inversely proportional to cost. In the next step,
imperialistic competition begins. During
competition, weaker empires are neglected and
positions are collapsed and positions are updated.
This may lead to converge to a state with one empire
[39-49].

In this there are two operators, assimilation helps
the colony to move towards an imperialist state in
the search space with different direction, revolution
arbitrary changes that occur in position of some
countries. During this two process a colony with
better position may get a chance to become
imperialists. At the last imperialistic competition
begin and all imperialists compete each other.
Finally, the weak empires are neglected and
competition begins until a stopping condition
satisfied.

The followings are the step by step procedure
used in ICA.

Step 1: Initial population called countries should
be created in N dimensional space as

Country I = [Xi1., Xiz., ..... ,xin] where i=1,2,..N

Costk = f (Countryk) (19)

Step 2: Based on the cost function, the most
powerful countries is chosen as imperialists and
others countries as colonies. Where Nimp are
imperialists and Nc are colonies. The selected
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colonies allocate themselves between the
imperialists based on the power. i.e normalized cost
of imperialist power.

Step 3: The imperialistic power and cost
function is reciprocal to one another such that the
imperialist with least cost value is more powerful
and has maximum number of colonies. After a
random allocation of the colonies to imperialists,
colonies with the related imperialist establishes cost
of empires using Eqg. (20).

IC; = icy — m}glx{ick} (20)

Where ic is the k™ imperialist cost and 1C; is
normalized cost. The normalized power of each
imperialist is defined in Eq. (21).

IC;
N

imp .
Zi:l lCl

P; = (21)

The initial number of colonies of an empire will
is given in Eq. (22).

N ; = round{P;. N o} (22)

Where N; is the initial number of colonies of
empires i and where i=1... Nimp.

Step 4: The imperialists start to improve their
colonies based on normalized power. The colonies
moved toward their relevant imperialist with the aim
of searching optimal surface. To improve the
searching process of the algorithm, the position is
updated with the deviation from the original
direction. The original position is given as Eq. (23)
and updated position is given in Eq. (24).

Pos Ni = rOUﬂd{P.Nco|} (23)
Ca+1= Posca + f(Post a— Poscd).rand(0,1) (24)

Where Cg+1 is the updated position of the dth
imperialist, rand is random number chosen between
(0,2), B is the weight factor, and Posiq is the position
of dw imperialist. Poscq is the position of dw colony. y
is the parameter to adjust the direction deviation.

Step 6: The colonies with better position
compared to their relevant imperialists in terms of
cost value  will enjoys the position of the
imperialists and the other colonies move towards the
new powerful imperialist shown in Eq. (25)

Ten =
cost (imperialist)e mean {Cost(colonies) (25)

International Journal of Intelligent Engineering and Systems, Vol.11, No.1, 2018

Initialise the countries and estimate its
cost function

v

Sort the countries according to
population cost and select

v

Assimilate the colonies according to
the relevant imperialists

v

Is there a
colony in
an empire
with low

_———

Exchange the position colony and
imperialists

v

Compute the cost and imperialistic cost |

77

begins

v

Is there any
empire
without

Colony ?

Eliminate this empire and unite this
empire

v

Is end of the
criteria?

Figure.1 Flow chart for Imperialistic competitive
algorithm

DOI: 10.22266/ijies2018.0228.08



Received: August 25, 2017

Where T, is the total cost and € is the positive
number which is less than 1. The total cost is
calculated and is defined as in Eg. (25). The
constant ¢ has the effect on the total cost and a small
increase can cause the increase in the colonies role
in finding the total power of empire.

Step 7: The imperialistic competition helps the
powerful imperialists to gain more power and
weaker empires to collapse. In such a manner, the
most optimal solution (most powerful empire) gains
the more chance to attract other solution toward a
globally optimal solution of the problem [8]. Fig.1.
shows the flowchart to solve unit commitment
problem using ICA.

6. Results

In this section, the result of a proposed ICA
algorithm discussed on IEEE 10 units 24 hour bus
system., the load data for 10 units 24 hours system is
shown in Table 1 and generator data for 10 units 24
hours system is shown in Table 2.

The optimal parameters of ICA for 10 units 24
hour system is assumed to be Nimp=10, Ncoi=200.
When some colonies are in a powerful empire, they
move toward their relevant imperialist in several
iterations. Some of the colonies become more nearer
to the imperialists in some consecutive iterations.
Therefore, they lose their search capability, and the
execution time is increased until the position on the
imperialist changes. To solve this issue, parameter y
is introduced to the deviation from the original
direction is set to higher values in between 30° to
90°.

In the Table 3, the unit commitment schedule
using ICA for 10 units 24 hour thermal systems
using ICA are obtained. The cost is calculated for
each hour using the ICA algorithm and obtained as
$544733 without including start upcost. From the
Table 3, it can be observed that the cost of each hour
is decreasing or increasing and do not remain
constant due to continuous change in load demand.

Further, ICA has been attempted on 40 unit 24 hour
system. The input unit values are duplicated 4 times
the values of the units of 10 units 24 hour system.
The total optimization cost obtained as $ 2928618.
The computation time comparatively Dbetter
considered the size of the system. In  Table. 4, 10
units 24 hour thermal systems are integrated with
wind generators [25]. After this addition, there is a
change in the previous unit commitment. The wind
data considered here is deterministic and is assumed
to be available at the specified hour. The load
scheduling is obtained and the overall cost is
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Table 1. Load data for 10 units 24 hour system

Hour Load Hour Load
(MW) (MW)
1 700 13 1400
2 750 14 1300
3 850 15 1200
4 950 16 1050
5 1000 17 1000
6 1100 18 1100
7 1150 19 1200
8 1200 20 1400
9 1300 21 1300
10 1400 22 1100
11 1450 23 900
12 1500 24 800
Table 2. Input data for 10 units 24 hour system
Unit 1 2 3 4 5
Pmax 455 455 130 130 162
MW
Pmin 150 150 20 20 25
MW
A 0.00048 | 0.00031 | 0.002 | 0.0021 | 0.00398
B 16.19 17.26 16.6 16.5 19.7
C 1000 970 700 680 450
Tioff 8 8 5 5 6
Tion 8 8 5 5 6
HSCi 4500 5000 550 560 900
CSCi 9000 10000 1100 1120 1800
CSTi 5 5 4 4 4
Ini.Si 8 8 -5 -5 -6
Unit 6 7 8 9 10
Pi,max,
MW 80 85 55 55 55
Pi,min,
MW 20 25 10 10 10
A 0.00712| 0.00079| 0.00413 0.0022| 0.00173
B 22.26 2774 | 2592 | 27.27 27.79
C 370 480 660 665 670
Tioff 3 3 1 1 1
Tion 3 3 1 1 1
HSC; 170 260 30 30 30
CSC; 340 520 60 60 60
CST; 2 2 0 0 0
Ini.Si -3 -3 -2 -1 -1

$ 482246.2. There will be lots of scope in the future
for the application of this algorithm for various
optimization techniques.

In Table.5 results of 10 units and 24 hours
system including start-up cost with a thermal unit
alone are compared with other algorithms and it is
found that the total operation cost of ICA algorithm
is $550193 which is less compared to other given
algorithms as shown in Table 5. It is noted that,
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Table 3. Load scheduling (MW) for deterministic load
Hour P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 IK/(I)\&;\c/j FC (%)
1 455 245 0 0 0 0 0 0 0 0 700 |13683.1
2 455 295 0 0 0 0 0 0 0 0 750 |14554.5
3 455 395 0 0 0 0 0 0 0 0 850 |16301.9
4 455 365 130 0 0 0 0 0 0 0 950 |18668.8
5 455 415 130 0 0 0 0 0 0 0 1000 |19543.9
6 455 385 130 130 0 0 0 0 0 0 1100 |21879.3
7 455 435 130 130 0 0 0 0 0 0 1150 | 22755
8 455 455 130 130 30 0 0 0 0 0 1200 |24150.3
9 455 455 130 130 130 0 0 0 0 0 1300 | 26184
10 455 455 130 130 162 68 0 0 0 0 1400 |28768.2
11 455 455 130 130 162 80 38 0 0 0 1450 |30583.2
12 455 455 130 130 162 80 33 55 0 0 1500 |32542.4
13 455 455 130 130 162 68 0 0 0 0 1400 |28768.2
14 455 455 130 130 130 0 0 0 0 0 1300 | 26184
15 455 455 130 130 30 0 0 0 0 0 1200 [24150.3
16 455 335 130 130 0 0 0 0 0 0 1050 |21005.2
17 455 415 130 0 0 0 0 0 0 0 1000 [19543.9
18 455 385 130 130 0 0 0 0 0 0 1100 |21879.3
19 455 455 130 130 30 0 0 0 0 0 1200 [24150.3
20 455 455 130 130 162 68 0 0 0 0 1400 |28768.2
21 455 455 130 130 130 0 0 0 0 0 1300 | 26184
22 455 385 130 130 0 0 0 0 0 0 1100 |21879.3
23 455 445 0 0 0 0 0 0 0 0 900 |17177.9
24 455 45 0 0 0 0 0 0 0 0 800 |15427.4
Total cost($)544733
Table 4. Load scheduling (MW) for system with wind generator
Load | Wind

Hour| P1 | P2 P3 P4 | P5 P6 P7 P8 P9 P10 MW MW FC ($)

1 1388|150 | O 0 0 0 0 0 0 0 700 162 10920

2 | 438150 | O 0 0 0 0 0 0 0 750 162 | 11749.3

3 | 45512441 O 0 0 0 0 0 0 0 850 151 | 13665.7

4 455|327 O 0 0 0 0 0 0 0 950 168 15113

5 | 4551384 ] 0 0 0 0 0 0 0 0 1000 161 | 16109.4

6 | 455 | 371 |130 0 0 0 0 0 0 0 1100 144 | 18773.9

7 | 455 | 397 |130 0 0 0 0 0 0 0 1150 168 | 19228.7

8 | 455 | 447 1130 0 0 0 0 0 0 0 1200 168 | 20104.8

9 | 455|437 130 | 130 | O 0 0 0 0 0 1300 148 | 22790.1

10 | 455 | 455 |130 | 130 | 117 | © 0 0 0 0 1400 113 | 25915.1

11 | 455 | 455 |130 | 130 | 146 | 20 0 0 0 0 1450 114 | 27334.8

12 | 455 | 455 |130 | 130 | 162 | 43 0 0 0 0 1500 125 28192

13 | 455 | 455 |130 | 130 | 88 0 0 0 0 0 1400 142 | 25320.2

14 | 455 | 437 |130 | 130 | O 0 0 0 0 0 1300 148 | 22790.1

15 | 455 | 389 |130 | 130 | O 0 0 0 0 0 1200 96 21949.3

16 | 455 | 393 | 130 0 0 0 0 0 0 0 1050 72 19158.7

17 | 455 | 373 | 130 0 0 0 0 0 0 0 1000 42 18808.7

18 | 455 | 343|130 | 130 | O 0 0 0 0 0 1100 42 21144.9

19 | 455 | 432 |130 | 130 | O 0 0 0 0 0 1200 53 22702.5

20 | 455 | 455 |130 | 130 | 147 | 20 0 0 0 0 1400 63 27355.7

21 | 455 | 455 |130 | 130 | 56 0 0 0 0 0 1300 74 246714

22 | 455 | 436 |130 0 0 0 0 0 0 0 1100 79 19911.9

23 | 455 (343 | O 0 0 0 0 0 0 0 900 102 | 15392.5

24 | 455 1214 0 0 0 0 0 0 0 0 800 131 | 131437

Total cost($)482246.2
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except ICA, all the other costs are in the range of
$560000 to $567000.

In case of 40 units 24 hour system total
optimization cost obtained as $ 2928618. The
compiling time is also comparatively moderate
considering the size of the system.

Another study of 10 units 24 hour system with
wind generator, found that the total cost of
generation in each hour is reduced to turn off the
some of the costlier generators, with the integration
of wind generator. Thus the proposed ICA solves
the stochastic problem as well as in deterministic
method and overall cost of the system is reduced
and there is an increase in reliability. In the Table 6
the fuel costs of the wind, thermal systems using
various algorithms are shown.

It can be inferred that the cost is least when
Imperialistic Competitive Algorithm (ICA) is
applied to the wind thermal system. Wind operating
cost is assumed to be 2% of the total system
operating cost [25].

The optimized fuel cost, thus obtained from this

algorithm for the wind, thermal system is
$499092.32.
The selection process ICA is based on

probabilities this makes the result better than the
other algorithm [50]

There will be lots of scope in the future for the
application of this algorithm for large systems with a
few more modifications.

7. Conclusion

In this paper an imperialistic competitive
Algorithm has been attempted for solving the unit
commitment problem with and without wind unit.
The results show the superiority of the algorithm in
terms of computational efficiency in solving the unit
commitment problem in both cases. Further, it can
be noted from the results that the algorithm
outperforms lagrangian relaxation (LR), genetic
algorithm (GA), bacterial foraging (BFOA),
shuffled frog leaping algorithm (SFLA), Invasive
weed optimization (IWO), Particle swarm
optimization (PSO) used in the literature. Therefore,
it is clear that ICA algorithm is efficient in solving
the unit commitment problem for scheduling power
generations in both deterministic and stochastic
approaches. This problem is attempted with
minimum up time, down time constraint, start-up
constraint, ramp up and ramp down constraint. This
problem can also be attempted with more number of
constraints, including multiple renewable energy
sources.
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Table 5. Validation of ICA on the thermal system alone
(10 unit 24 hours)

Start-up Totgl Total_
Method cost ($) Operational | Production
cost($) Cost ($)
GA [51] — — 565825
PSO [51] 2095 562899 565804
HPSO[51] 4090 559852.3 563942.3
SFLA[51] 4090 559847.7 563937.7
IWO[51] 4790 557495 562285
ICA [51] 5460 544733 550193
Table 6. Validation of ICA on the wind, thermal system
Method Cost ($)
LR [25] 565825
SFLA [25] 563937.7
BFOA[25] 564842
GA[25] 565825
LR PSO[25] 518512.308
ICA 499092.32
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