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A novelty approach to solve an economic dispatch problem for a renewable integrated
micro-grid using optimization techniques

Introduction. The renewable integrated microgrid has considered several distributed energy sources namely photovoltaic power plant,
thermal generators, wind power plant and combined heat and power source. Economic dispatch problem is a complex operation due to
large dimension of power systems. The objective function becomes non linear due to the inclusion of many constraints. Hourly demand of a
commercial area is taken into consideration for performing economic dispatch and five combinations are considered to find the best
optimal solution to meet the demand. The novelty of the proposed work consists of a Sparrow Search Algorithm is used to solve economic
load dispatch problem to get the better convergence and accuracy in power generation with minimum cost. Purpose. Economic dispatch is
performed for the renewable integrated microgrid, in order to determine the optimal output of all the distributed energy sources present in
the microgrid to meet the load demand at minimum possible cost. Methods. Sparrow Search Algorithm is compared with other algorithms
like Particle Swarm Optimization, Genetic Algorithm and has been proved to be more efficient than Particle Swarm Optimization, Genetic
Algorithm and Conventional Lagrange method. Results. The five combinations are generation without solar power supply system and
Combined Heat and Power source, generation without solar and wind power supply systems, generation including all the distributed
energy sources, generation without wind power supply system and Combined Heat and Power source, generation without thermal
generators. Practical value. The proposed optimization algorithm has been very supportive to determine the optimal power generation
with minimal fuel to meet the large demand in commercial area. References 20, table 4, figures 11.

Key words: economic dispatch, combined heat and power source, solar power, thermal generators, wind power, optimization
techniques.

Bcemyn. Bionosuiosana  inmezpoéana Mikpomepedica po3enaode KinbKa po3noodinenux odicepen enepeii, a came @omoenrekmpuyny
eNeKMpOCMAanyilo, Menniosi ceHepamopuy, GimpsiHy elreKmpocmanyilo ma KomMOiHo8ane Odicepeno menia ma eiekmpoenepeii. 3ae0anHs
EKOHOMIYHOT ducnemuyepuzayii € CKIaOHoI0 ONepayieio yepes 8eluKy posmipHicms enepeocucmeM. L{inbosa ynxyis cmae HeniniiHo0 uepes
eKIOUeHHs Oe3niui obmedicenb. Ha GUKOHAHHA eKOHOMIUHOI Oucnemuepusayii 6paxo8yemvCsi NO2OOUHHA nompeda mopeosoi niow, i
PO3211A0aI0OmbCa n’Amb KOMOiHayill, wob 3naimu HauKpawe onmumanvHe piwienHa 3a0oeonenna nonumy. Hoeusna sanpononosanoi
pobOmMU NONARAE 8 MOMY, WO ATOPUMM NOULYKY 20pOOYSA BUKOPUCTNOBYEMBCS OIS GUPIUIEHHS eKOHOMIUHO20 3a80aHHs Ouchemyepusayii
HABAHMAIICEHHS, W00 OMpuUMamu Kpaugy 30iCHICIb Ma MOoYHiCMy npu 6UpoOTIeHHI enekmpoenepeii 3 MinimanvHumu sumpamamy. Mema.
Exonomiuna oucnemuepuzayis 6uKonyemucs 0 iOHOBNI08AHOI iHmespo8anoi Mikpomepedici, uob 6usHAUUMU ONMUMATLHY NOWLYIHCHICMY
6CIX PO3NOOLIEHUX OJcepesl eHepeii, NPUCYMHIX V' MIKDOMEPeXCl, Olsl 30080NEHHsL NOMPeOU HABAHMANCEHHS 3 MIHIMAIBHO MOICTUBUMU
sumpamamu. Memoou. Anzopumm nowyKy 20podysi NOPIGHIOEMbCA 3 THUWUMU ATCOPUMMAMY, MAKUMU K ONMUMI3AYIS POIO YACTUHOK,
2eHemuuHUl aneopumm, i 0y10 0068e0eHO, WO GiH eeKMUGHIWUL, HIdDC ONMUMI3AYis POl YACMUHOK, 2CHeMUYHULL QNcOPUmM I
mpaouyitinuii. memoo Jlazpanoica. Pesynemamu. [1'sme xombinayiti: eewepayis 0e3 COHAYHOI CUCMEMU eHEeP2ONOCMAYAHHA Mma
KOMOIHO8aN020 Odicepena menna ma enekmpoenepeii, cenepayis 6e3 cucmem COHAUHO20 Ma iMPOBO20 eHePeONOCMAUAHHS, 2eHepayis, Wo
eKnIOuae 6Ci po3nodineni Oxcepena eepeii, eenepayis be3 cucmemu 6iMpoeoi eHepeii ma KoMOIHO8aHO20 Odcepena menia ma
eflekmpoenepeii, eenepayis 6e3 mennosoi enepeii. cenepamopu. Ilpakmuuna yinnicms. 3anpononosanuti aneopumm onmumizayii oyice
oonomie GUIHAUUMU ONMUMATbHE GUPOOHUYMBO eneKmpoenepeii 3 MIHIMATLHOI 8UMPAMOI0 NANUGA OJIA 3A0060EHHS BEIUKO20 NONUNTY 6
Komepyitiniti cghepi. biom. 20, Tadm. 4, puc. 11.

Kniouoei cnosa: ekOHOMIYHA JHCIeTYepH3alis, TEIJIOEJCKTPOLEHTPA/Ib, COHAYHA €HEePreTHKa, TEIIOBI TIeHepaTopH,
BiTpoeHepreTHKa, METOAH ONTUMI3aNii.

1. Introduction. Due to rapid increase in load
demand of residential and commercial consumers, the
cost of electric power generation plays major role in the
power system planning and operation. In order to reduce
the cost of energy consumption, the most suitable way is
the integration renewable energy sources among
distributed network. The complexity of interconnections
and the size of the distributed energy sources of electric
power systems that are controlled in a coordinated way. It
leads to the optimal allocation of generators which are
present in power system to meet the entire load demand
with minimum possible cost. Whether a generator ought
to participate in sharing the load at a given interval of
your time could leads to a problem of unit commitment.
Once the unit commitment problem has been resolved, it
becomes a haul of optimum allocation of the obtainable
generations to satisfy the forecasted load demand for this
interval. Optimal load dispatch, a sub-problem of the unit
commitment problem, is considered a particularly
important problem that deals with the minimization of
operational cost and power generation facilities and by in
power systems economics point of view. In optimization

problems, the most desirable objectives are minimization
of fuel cost, total real and reactive power losses in the
system, improvement of voltage profile by minimizing the
voltage deviation. Among these objectives, in economic
dispatch (ED) problem the minimization of fuel cost is
considered by taking real power outputs of thermal
generators and renewable energy sources like solar, wind,
combined heat and power source (CHP) source, fuel cell
and micro turbine etc.

2. Literature Review. In [1] the modified version of
tradition Lagrange algorithm for solving the dynamic
combined economic and emission dispatch problem has been
proposed. The effective operation of diesel generator in large
power network was analysed using whale optimization
algorithm. In [2] the authors stated that there are two species
of captive house sparrows, and they typically use both
producer and scrounger behaviors to get their food.

Authors of work [3] stated that the producers
energetically look for food, while the scroungers acquire
food by producers and the birds use behavioral strategies
flexibly, and toggle between producing and scrounging.
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In [4] the authors proposed the concept to use particle
swarm technology to optimize nonlinear functions. The
connections between Particle Swarm Optimization (PSO),
artificial life, and Genetic Algorithm (GA) are explored.
They developed a social-science context for PSO. They
illustrated that the evidence from computer simulations
create an powerful technique called information
processing technique which is sufficient to control the
vast amount of information comprising human familiarity.

In [5] an enhanced energy management operation by
managing distributed energy resources to achieve better
energy efficiency at the lowest possible cost by operating
a system over a time horizon and assure several key
constraints has been proposed.

In [6] the authors illustrated a design layout
methodology for a grid-connected PV-Battery-Diesel
microgrid in that applied power management strategy in
various system’s components was considered.

In [7] the authors explained a detailed connection
between the investment cost, lifetime, cost function, and
the fluctuant energy forecasting of solar and wind
resources. In [8] the authors illustrated the onshore wind
power generation cost through a geographical distribution
method which gives the data of technical potential and an
estimation of the local unit cost structure. In [9] a bird’s
eye view of PSO applications by analyzing more that 700
PSO application papers has been presented. In [10] the
formulation and solution approach for the ED problem by
considering various micro grid operational constraints has
been given. The suggested method allows the microgrid
to function cost-effectively in grid-connected mode and
also maintaining stability in islanded mode.

In [11] the authors proposed Attractive and Repulsive
Particle Swarm Optimization (ARPSO) algorithm for
economic load dispatch, which relieves the assumptions
imposed on the optimized objective function. The common
problem in all evolutionary computation techniques is
premature convergence and overcome in ARPSO algorithm.
In [12] microgrid energy management as an optimal power
flow problem has formulated, and a distributed Energy
Management Strategy has been proposed, where the
Microgrid Central Controller and the local controllers jointly
compute an optimal schedule has been formulated. In [13]
the authors proposed a new swarm intelligence optimization
technique called Sparrow Search Algorithm (SSA) to solve
optimization problems in various engineering applications.

In [14] the method to determine low carbon optimal
dispatch problem by considering carbon tax mechanism and
verified the performance of emission on IEEE test system
has been proposed. In [15] the analytical based hierarchy
process algorithm to ensure the weight coefficients for each
objective function has been developed. For a standalone
microgrid system, the multiobjective based optimal dispatch
problem was developed by incorporating the various
renewable energy sources. To get optimal power dispatch
quantum PSO was developed and validated.

In [16] the authors illustrated the new strategy to
determine the optimal solution for the Combined
Economic and Emission Dispatch problem. In this case
study the location of East Coast of USA generating units
were considered. In this proposed method the cost
functions for solar and wind energy was considered and

determined the solution using modified Harmony Search
Algorithm. In [17] the dynamic nature of the load for
various buildings has been considered. In this fuel cost
and operational cost of the generating units were
incorporated during the sizing of the various components.
In [18] the mixed integer programming method to fetch
the optimal allocation of renewable energy sources based
on 24 hours time horizon has been developed. The test
cases were considered for two different mode of operation
like standalone mode and grid connected mode.

In [19, 20] the comprehensive optimization method
to solve the multi objective ED problem has developed.
The nonlinear and non-convex constrained optimal power
problem was solved using Gray Wolf Optimization
techniques.

The novelty of this paper has developed the new
optimization algorithm — Sparrow Search Algorithm (SSA)
to determine the optimal generator scheduling by
incorporating the renewable energy sources. In this paper the
obtained results from the developed algorithms was
compared with the conventional method and other
optimization techniques like GA and PSO techniques. The
main advantages of proposed algorithm will provide the
improved search space and better convergence.

3. Formulation of ED problem with renewable
energy sources. For solving ED problem, a microgrid
consists of two traditional generators (synchronous
generators), one CHP, wind generator and solar generator
is considered. The optimal dispatch of renewable energy
sources is shown in Fig. 1.

Fig. 1 Operation of optimal dispatch problem

The 24 hours load demand profile is shown in Fig. 2.
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Fig. 2. 24 hours load profile
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A. Modeling of diesel generators (DG’s) and CHP.
The second order polynomial function is considered as the
cost function for the CHP and two conventional generators
and given the assumed cost coefficients in Table 1.
Table 1
Cost coefficients

Cost coefficients | CHP | Generator 1 | Generator 2
a 0.024 0.029 0.021
b 21 20.16 20.4
c 1530 992 600

The lower and upper generation limits of DG’s are:

0kW < P,; <650 kW. @)
The lower and upper generation limits of CHP are:
0 kW < P, <600 kW. 2)

Calculations for the generation of generators and CHP:
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To find the generation of each generator individually
using the following formula:

3)

P, = L. 4)

where / is the incremental cost.
The non linear quadratic cost function (£;) of diesel
generator is given in (5) [2, 3], where Pg; is the output power:

The total cost Fr is calculated by summing up the
costs of individual generator:
FT:F1+F2+FC. (6)
B. Modeling of solar. HOMER software — the
Micropower Optimization Model provided the critical
photovoltaic (PV) data needed to complete the case study.
The formula used to determine solar power generation is
as follows:

Ppy = Fsrc - Cc (1+k-(T~T;)), (7
Gsre

where Ppy is the output power, kW; Pgrc is the maximum
power of PV under standard test conditions (STC), 330 kW;
G, 1s the incident solar radiation, W/m?; Gsre is the solar
irradiance at STC, 1000 W/mz; k is the temperature
coefficient, —0.0047; T; is the reference temperature, 25 °C;
T. is the cell temperature, °C.

The solar power generation cost function is as in [4]
and it considers the operation and maintenance (O&M)
costs of the generated energy and also investment cost of
the equipments.

1) Cost of generation without including investment
cost is the:

G"-Ppy, (8)
where G* is the O&M cost per unit generated energy
(0.016 $/kW); Ppy is the solar power output.

When compared to wind energy the solar is very
costly, but can be included in a system with the support of
solar renewable energy credits.

2) Cost of generation including investment cost is
the:

a-l"P,+ G"-Ppy, 9)
where
-

a= s 10

1—(1+r) N 10

r is the rate of interest (0.09); N is the investment lifetime

(20 years); I” is the investment costs per unit installed

power (5000 $/kW) or 1630 $/kW by considering the
renewable energy credits.

The above equation is used to compute the entire
generating cost of solar energy, which includes the
depreciation of all generation equipment.

C Modeling of wind. HOMER software — the
Micropower Optimization Model was used to acquire the
wind data needed for the investigation. The formula used
to determine wind power generation (P) is as follows:

(1n

where p is the air density, kg/m’; 4 is the wind swept
area, 7r° = m-(22/2)* = 380.1327 m?; V is the velocity of
wind, m/s.

The cost function for wind generation is as shown in
[4], and it takes into account both the equipment
investment and the generated energy’s O&M costs:

1) Cost of generation without including investment
cost:

o)
P=—:\p-4-V3),
> L

G*-Py, (12)
where G® is the O&M cost per unit generated energy
(0.016 $/kW); Py is the wind power output.

2) Cost of generation including investment cost

al’-Py+ GE-Py, (13)
where
r
a= =0.1095, (14)
1- (1 + r)_Nf

r is the interest rate (0.09); N is the investment lifetime
(20 years); I” is the investment costs per unit installed
power (1400 $/kW).

The above equation can be used to compute the
entire generating cost of wind energy, taking into account
all of the generation equipment’s depreciation.

4. Proposed methodologies. Sparrows are social
birds that come in a variety of colours and sizes. They can
be found in almost every section of the globe and like to
live in human-populated areas. They eat mostly grain and
weed seeds. The sparrow, unlike some of the other little
birds, is highly intelligent and has an excellent memory.
The producer and the scrounger [2] are two varieties of
captive house sparrows. Producers actively seek out food
sources, whereas scroungers rely on producers to provide
them with food. Furthermore, research suggests that birds
switch between generating and scrounging behavioural
methods frequently [3]. In order to locate food, sparrows
frequently employ both the producer and scrounger
strategies [2]. Individuals in the group keep an eye on
each other’s actions. Temporarily, the attackers in the bird
herd battle for food resources with the partners with large
intakes in order to increase their own predation rate [4]
[3]. Individual energy reserves are crucial when sparrows
employ varied foraging techniques, the sparrows with low
energy reserves more scrounging. Birds on the outside of
the colony are more likely to be attacked by predators and
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are continuously trying to improve their position [5]. The
birds in the center come closer to their neighbors in order
to reduce the size of their danger zone [7, 14]. It is
commonly known that sparrows have a natural interest
about everything while also remaining attentive. When a
bird detects a predator, for example, one or more
individuals chirp, and the entire flock flies away [14].

Application of SSA to solve ED problem:

1. Initialize the SSA parameters i.e., the maximum
iteration count (G), the amount of producers (PD), the
sparrows count who recognize the danger (SD), the alarm
value (4,), the number of sparrows (n).

2. Initialization of fitness function i.e., sum of
individual cost function of various generators in various
power stations.

3. The cost coefficients and generation limits of
various generators, total demand is given as input.

4. After executing the first step of the program a
large number (equal to the population size) of vectors of
real power fulfilling the total demand and generation
limits are randomly allocated.

5. The fitness function’s value is calculated for each
vector of active power. To obtain f,, the values obtained
in one iteration are compared to the values obtained in the
preceding iteration. If the f; obtained in one iteration is
better than the f, obtained in previous iteration then the
value of f, is updated, otherwise it is left unchanged.

6. The active power vector (L) reflects the
economic load dispatch solution, and the ultimate value of
Je 1s the minimal cost.

The flow chart for solving ED problem using SSA is

shown in Fig. 3.
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Fig. 3. Flowchart for solving ED problem using SSA

5. Results and discussion. The ED problem is
performed using the MATLAB platform and the total
power generation costs for the five scenarios mentioned
below for the microgrid are compared. Five scenarios
considered are:

Case 1: 2 Diesel Generators + CHP;

Case 2: 2 Diesel Generators + Solar;

Case 3: 2 Diesel Generators + Wind;

Case 4: CHP + Solar + Wind;

Case 5: 2 Diesel Generators + CHP + Solar + Wind.

This is to identify the optimal arrangement of
generations that can be incorporated into a micro grid for
the least or moderate cost.

After conducting the ED operation among the three
dispatchable generations, the generation cost is
determined from the cost functions corresponding to its
generated power. The cost of wind and solar power
generation is also calculated depending on generation
using their respective cost functions. As a result, the
overall cost of production may be estimated.

Genetic algorithm. The total cost of generation for
each hour, obtained using GA for Case 1 is shown in Fig. 4.

20000 - 1 —4=Demand (kw)

18000
2 =@=Total Cost of Generation (5)

16000 -
14000 -
12000 -
10000 -
8000 -
5000 -
2000 -
2000 - bi

el—triih.

0

o o
=1 =1

2:00
300
4:00
5100
6:00 [
00 [§
200 ¢
9:00 [

o o o
) S S
= = ~

11:00
13:00
15:00
16:00
18:00
21:00
2

23:00
00:00

=1 &
- — - —

Fig. 4. Variation of demand and cost analysis for Case 1

The total cost of generation excluding investment
cost, total cost of generation including investment cost,
total cost of generation including investment cost with
renewable energy credits for solar for each hour, obtained
using GA for Case 2 are shown in Fig. 5.
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Fig. 5. Variation of demand and cost analysis for Case 2

The total cost of generation excluding investment cost,
total cost of generation including investment cost for each
hour, obtained using GA for Case 3 are shown in Table 2.

The total cost of generation excluding investment
cost, total cost of generation including investment cost,
total cost of generation including investment cost with
renewable energy credits for solar for each hour, obtained
using GA for Case 4 are shown in Fig. 6.

86

Electrical Engineering & Electromechanics, 2023, no. 4



Table 2

Power generation and cost analysis for Case 3 using GA

. Total generation cost | Total generation cost
Time, | Demand, > . O

hrs W excluding 1nyestment including 1nyestment

cost of wind, $ cost of wind, $

1:00 215 6520.8 6520.8
2:00 205 6060.93 7310.17
3:00 200 5310.763 10706.61
4:00 280 7214.224 13198.28
5:00 350 8374.143 18368.07
6:00 425 11614.43 15711.21
7:00 470 13180.34 16402.54
8:00 435 10852 20423.74
9:00 425 9463.016 24947 .54
10:00 350 7886.234 20676.66
11:00 375 8928.383 20263.07
12:00 360 8946.674 17323.44
13:00 330 7909.188 18337.57
14:00 340 8173.499 17745.24
15:00 343 8832.256 15125.83
16:00 360 9491.263 14887.11
17:00 350 8668.774 17045.54
18:00 495 14218.21 16226.28
19:00 560 16510.13 17759.37
20:00 575 17182.05 17694.08
21:00 503 14908.02 15077.87
22:00 444 13079.02 13248.87
23:00 270 7927.52 8127.26
24:00 240 7060.974 7771.51
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The total cost of generation excluding investment
cost, total cost of generation including investment cost,
total cost of generation including investment cost with
renewable energy credits for solar for each hour, obtained
using GA for Case 5 are shown in Fig. 7.
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Sparrow Search Algorithm (SSA). The total cost of
generation for each hour, obtained using SSA for Case 1 is
shown Fig. 8.
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Fig. 8. Variation of cost analysis for Case 1 using SSA

The total cost of generation excluding investment
cost, total cost of generation including investment cost,
total cost of generation including investment cost with
renewable energy credits for solar for each hour, obtained
using SSA for Case 2 are shown in Fig. 9.
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The total cost of generation excluding investment
cost, total cost of generation including investment cost for
each hour, obtained using SSA for Case 3 are shown in
Fig. 10.
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The total cost of generation excluding investment
cost, total cost of generation including investment cost,
total cost of generation including investment cost with
renewable energy credits for solar for each hour, obtained
using SSA for Case 4 are shown in Fig. 11.
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Fig. 11. Variation of cost analysis for Case 4 using SSA

The total cost of generation excluding investment
cost, total cost of generation including investment cost,
total cost of generation including investment cost with

Electrical Engineering & Electromechanics, 2023, no. 4

87



renewable energy credits for solar for each hour, obtained
using SSA for Case 5 are shown in Table 3. The total cost

of generation per day for all the five cases obtained using
Lagrange’s method, GA, PSO, SSA are shown in Table 4.

Table 3
Cost analysis for Case 5 using SSA
Total cost of Total cost of Total cost of Total cost of Total cost of Total cost of
. generation generation generation including | ... generation generation generation including
Time, . ; . : ..> | Time, . ; . : .
hes | excluding . including investment cqst with hes | excluding . including investment cgst with
mvestment cost, | investment cost, energy credits for mvestment cost, | investment cost, energy credits for
$ $ solar, $ $ $ solar, $
1:00 7909.8 7909.8 7909.8 13:00 3128.217 189074 70775.26
2:00 7474.43 8723.67 8723.67 14:00 3127.884 179871.9 67197.82
3:00 6722.963 12118.81 12118.81 15:00 3561.15 163635.3 59987.18
4:00 8536.324 14520.38 14520.38 16:00 5136.048 136613.6 51634.52
5:00 9623.343 19617.27 19617.27 17:00 7257.599 74653.77 34874.69
6:00 12580.43 16677.21 16677.21 18:00 14891.21 16899.28 16899.28
7:00 11853.58 57801.14 29004.26 19:00 16912.13 18161.37 18161.37
8:00 6547.547 134121.6 54588.05 20:00 17498.05 18010.08 18010.08
9:00 4022.912 173348.3 69659.57 21:00 15461.02 15630.87 15630.87
10:00 3128.32 186525.1 71536.42 22:00 13798.02 13967.87 13967.87
11:00 3128.346 191129.8 72056.39 23:00 9219.72 9419.46 9419.46
12:00 3128.102 190386.2 69820.2 24:00 8403.574 9114.11 9114.11
Table 4
Cost comparison between Lagrange’s method, PSO, GA, SSA
Total cost of generation per day obtained using various optimization
Cases considered Lacranee’ techniques, §
range s GA PSO SSA
method
2 DG’s and 1 CHP 286244.76 289970.9 286435.4 286357.8
2 DG’s and solar excluding investment cost 190337.6 190662.1 190370.7 190341.68
2 DG’s and solar including investment cost 1712631.41 1712956 1712665 1712636.2
2 DG’s and .solar including investment cost with renewable 6836605.61 6869301 686638.7 6866097
energy credits
2 DG’s and wind excluding investment cost 237607.55 238312.8 237665.5 237610.7
2 DG’s and wind including investment cost 370193.42 370898.7 370251.4 370196.6
1 CHP, solar and wind excluding investment cost 200178.2 200178.2 200178.2 200178
1 CHP, solar and wind including investment cost 1855051.97 1855051.97 1855051.97 1855051.97
1 CHP, solar and Wmd.lncludmg investment cost with 829204.37 829204.37 829204.37 829204.37
renewable energy credits for solar
2 DG’s, | CHP, solar and wind excluding investment cost 202994.67 205910 203139.688 203050.7
2 DG’s, 1 CHP, solar and wind including investment cost 1857959.21 1860790.4 1858019.842 1857931
2 DG s, 1 CHP, solar and Wlnd including investment cost 83193121 834763.69 831993.502 831904 6
with renewable energy credits for solar

6. Conclusions. Economic dispatch aims to schedule
the outputs of all available generation units in the power
system to keep fuel costs as low as possible while meeting
system restrictions. Many traditional algorithms and
optimization techniques can be used to solve economic
dispatch problem among which Sparrow Search Algorithm
(SSA) is used. Traditional method i.e., Lambda iteration
method and optimization methodology i.e., Genetic
Algorithm (GA) and Particle Swarm Optimization (PSO) are
solved to prove that SSA gives better results than those.

A renewable integrated microgrid with two
synchronous generators, one combined heat and power
source, a wind power plant, and a solar power plant is
already being proposed. The MATLAB code for traditional
method i.e., Lambda iteration method, PSO, GA, SSA has
been executed successfully for all the considered cases and
a comparison table was made to compare the total cost of
generation obtained in PSO, GA, SSA, Lambda iteration
method. It can be concluded that SSA produce better and
accurate results than all other algorithms used. SSA gives
better convergence speed than PSO and GA.
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