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Abstract: Asthe deregulation of the power system is one of the
recent needs of the electricity network, the distributed generations
are penetrated to the power system. This leads to unpredictability
of the network losses. The best position of “FACTS” devices
minimizes the losses of power scheme. The significant
improvement in minimization of cost and loss by placing
simultaneously two facts devices at a time is discussed in this
document. The “FACTS” devices such as SVC, UPFC, and TCSC
areused in thisanalysis. Here SVC with TCSC, TCSC with UPFC
and SVC with UPFC are considered. Each placed simultaneously
to the deregulated environment. Two FACTS devices were
provided with cost-effective reduction of FACTS systems. The
Indian utility bus system with 62 buses, isused here as a study.

Keywords : About four key words or phrases in alphabetical
order, separated by commas.

. INTRODUCTION

I ntegrating different types of FACTS devices alows you

to reap the full benefits of each type. For example, some data
uses three or four types of FACTS devices such as TCSC,
TCVR, TCPST, SVC [1], [2], [3]. [4]- In [4] and [5] UPFC
was added to the other FACTS above. In this context, the
modeling approach for types, locations and values of different
FACTS devices is often sought. All FACTS devices except
the UPFC are well located and offer excellent reviews. Based
on the UPFC comparison, which will be summarized in the
app, this device has three components. Unlike the first type
study [4], [5], this book covers UPFC with three performance
models and other cost-effective point devices. Some
publications discuss the optimal number of FACTS devicesin
addition to the words above [6], [1.5], [7], [8]. Following
these introductory comments, we will continue to provide a
comprehensive overview of this document. MATLAB uses
the FACTS machine, which uses the cucumber search
algorithm to use it. The user must specify the password of the
pulse algorithm. The use of CSA places this document in the
first part of the dissemination method.
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Based on the second example, we will perform the same
procedure simultaneously for two types of FACTS devices:
SVC-TCSC, TCSC-UPFC, SVC-UPFC. The user has the
opportunity to choose the desired number and type. The user
must select the power in the range of Indian 62 utility bus
system connections. The model will provide digital homes
FACTS, which are more efficient and cheaper in the selection
process. the program. electricity to reduce the cost of FACTS
devices.is is an International reputed journal that published
research articles globally. All accepted papers should be
formatted as per Journal Template. Be sure that Each author
profile (min 100 word) along with photo should beincluded in
the final paper/camera ready submission. It is be sure that
contents of the paper are fine and satisfactory. Author (s) can
make rectification in the final paper but after the find
submission to the journal, rectification is not possible. In the
formatted paper, volume no/ issue no will be in the right top
corner of the paper. In the case of failure, the papers will be
declined from the database of journal and publishing house. It
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[I. PROBLEM FORMULATION

Bidding cost is considered asthe thermal system cost curve so
the biding cost can be represented as [9],

E{%I} = a; + biFy + cl'Pg:f----' (1)
Theincremental cost can be represented as below,
ICAP;) = b; 4 26;P;; ... )

Deregulated power system optimal power flow equation is
given below,

Minimize: 1=, F;(Py).... (3)
subjectedto: Efii%f =F;... 4
Pl'ﬂ'.l'r! d::*F;:u' ‘::Pl'ﬂ;c.r T 1E [.J-'N;J]--'- (5)

When E.% Py = Paor T,2, Punay = Py, -0 feasible
solution,

When E':Ij Pimin = Py, - every customer has a contract that
isaminimum of his ability.

When E':.E' Pimin < Py and E':.E' , Pimin = Pg-non-trivial case.
Here,

F; {I—;J,-} — cost of generator i
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Fyi —Power in MW of it generator
a;. b;.c; — constant co — ordinate
Pomin : P — Minimum and maximum
limitsof i*" generator

P; — Power demand in MW

n, N, — Number of generators

Facts devices costs

Crese = 0.001553 0 — 07135050 + 153.75... (6)
Cope = 0.000353, . — 030515, + 127.38.... @)
Cypre = 0.000355 7 — 0.2691 S0+ 188.2 ... (8)
Here,

IC govices — investment cost of FACTS devices in §

Crese — TCSC cost per KVAR installed in$

Cire — SVC cost per KVAR installed in §

Cyprc — UPFC cost per KVAR installed in §

Srewe — TCSC capacity in MVAR

Sope — SVC capacity in MVAR

Syppc — TCSC capacity in MVAR

Considering the above constraints entire cost function can be

represented as below [6].

Casel:

minimizeTotal Cost = X, F(Py) + ICqyciresc--- (9)

Casell:

minimizeTotalCost = X, F(Py) + ICrccippre---(10)
Caselll:

minimizeTotalCost = LI F (P) + ICqycopprc... (11)
Here,

ICqrcirese = Cove + Creve 12)
ICrese +were = Crese + Cuprc (13)
ICwerupre = Csve + Cuprc (14)

[1l. CUCKOO SEARCH ALGORITHM (CSA) [10]

The cuckoo algorithmisbased on the bird named as cuckoo
behavior of itsreproduction. The bird cannot build the nest. It
is aimed for the other bird’s nest for laying eggs. But birds of
the nest can't allow it. They can leave the nest or push the eggs
of the birds. But the cuckoo is left free as a host, and if it
happensto the peak chicks, it's like the sound of the host bird.
And finding the best bird nest to make a great discovery is
math. The cuckoo algorithm is based on the animal cuckoo
behavior of his improvement. The cuckoo cannot build the
nest. Depends on the host's reception and engagement socket.
But the nest of the wounded bird is not allowed. It can get out
of the nest or throw in the eggs of birds. But the Cuckoo lays
eggs that resemble those of the host, and, when defined, the
Cuckoo chicks uses the sound of this bird. Therefore, the
discovery of the best possible catalyst for the health of the
cathode provides good research, which is presented as the
next step in mathematical mathematics.

i) Thefirst rate of variation of X over nisrandom.

ii) A cuckoo is selected in the collection of adistributor and
evaluate the production schedule for any product.

iii) Mode the end of the sample by which the
measurements are selected and determined. If the new gameis
compatible, replace the old cuckoo.

iv) Eliminate existing areas in the sidewalk area more
effectively.

V) state the detection; to have the best cuckoo

vi) increase awareness and take the second step.

Dot till termination
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The proposed solution algorithm is described below.

Step 1: Initializes the line and pass information, liability
information, all constraints and CSA cycle.

Step 2: Initialize the population of the test strip to the
number and speed of any new decisions / decisions and
change the location and measurement of the device TRUE
NOTE.

Step 3: Set the information on index index = 0.

Step 4: The cuckoo displays the location and level of the
FACTS device, enhancing the row in the Reactivity column
and the column in the barrel. Determine the level of charge
and power of the equipment. Do TWO, including FACTS
equipment for normal and emergency situations. Calculate the
cost of operation and the required capacity of the machine for
each country.

Step 5: calculate the cost and REQUIRED the actual use of
price management of all related and potential costs. Calculate
funding costs for equipment used (12/13/14).

Step 6: Applying the importance of the focus function
(10/09/11), subject to any constraints. If some of the penalties
for violating the restrictions are added to the price. The
calculated value of the fitness function is served as a fitness
value of a cuckoo.

Step 7. Each cuckoo value is optimized. If the price of the
body islower than thelocal best, set this price asthe best local
option and hold the cuckoo position for that best in the local.
Step 8: Select the lowest price of the best local ingredients as
the highest quality and best, and record the cuckoo level to
match this highest value.

Step 9: Update the update to anyone.

Step 10: If you get the highest number of repeats, the cuckoo
is connected

now Global isthe best solution. Otherwise, set ite = know + 1
and go to step 4. And repeat until done

V. RESULTSAND DISCUSSION

Thetest systemis 62 bus system solved CSA istaken here.
Asshown intheresultsthe fitnessvalue of CSA in [28],. Asit
isoptimal power flow the losses also considered here. When a
19- generator systemis used to operate efficiently, the cost of
generation is reduced. we use the same 19 generation system
as the test system and we implement the facts devices with
inclusion of investment cost.

The FACTS devices considered here are SVC with
TCSC, TCSC with UPFC and SVC with UPFC. SVC and
UPFC models are taken as reactive power model and the
TCSC istaken as reactance model.

The objective function discussed in eq (9/10/11) istaken as
a fitness equation with voltage limit and power flow
constraints. The well-known metaheuristic algorithm called
CSA agorithms is used for testing the fitness function for
without facts devices. The results obtained are discussed
below.
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%10° OPTIMAL POWER FLOW USING CUCKOO SEARCH ALGORITHM 32 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 1.0000 1.0000
241 1 33 1.0200 | 1.0200 | 1.0200 | 1.0200 | 1.0100 1.0200 1.0200
2} § 34 1.0200 | 1.0200 | 1.0200 | 1.0100 | 1.0100 1.0200 1.0200
1.9 35 1.0014 | 1.0014 | 1.0014 | 1.0007 | 1.0007 1.0014 1.0014
©
§ 18 | 36 1.0042 | 1.0042 | 1.0042 | 1.0042 | 1.0042 1.0042 1.0042
?
§ 37 1.0200 | 1.0200 | 1.0200 | 1.0200 | 1.0200 1.0200 1.0200
2
o
5}

38 1.0227 | 1.0227 | 1.0228 | 1.0179 | 1.0179 1.0229 1.0228

39 1.0206 | 1.0204 | 1.0215 | 1.0217 | 1.0218 1.0210 1.0218

40 1.0239 | 1.0243 | 1.0267 | 1.0272 | 1.0274 1.0250 1.0276

41 1.0219 | 1.0217 | 1.0245 | 1.0249 | 1.0251 1.0230 1.0252

0 20 40 60 80 100 120 140 160 180
Number of iterations

42 1.0226 | 1.0223 | 1.0251 | 1.0255 | 1.0257 1.0237 1.0257

44 1.0276 | 1.0272 | 1.0293 | 1.0299 | 1.0295 1.0287 1.0298

Tablel-Voltagein pu

Bus wo sve Tese | upec SVC& | TCSC& | SVC&

no. TCSC | UPFC | UPFC 46 | 10201 | 1.0200 | 1.0203 | 10201 | 1.0200 | 10202 | 1.0203
1 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000

45 1.0194 | 1.0191 | 1.0220 | 1.0224 | 1.0226 1.0204 1.0226

47 1.0197 | 1.0197 | 1.0197 | 1.0183 | 1.0174 1.0197 1.0198

2 1.0100 | 1.0100 | 1.0100 | 1.0100 | 1.0100 1.0100 1.0100
48 1.0127 | 10127 | 1.0114 | 1.0126 | 1.0112 1.0114 1.0114

3 1.0088 | 1.0080 | 1.0080 | 1.0088 | 1.0084 1.0080 1.0080

49 1.0100 | 1.0100 | 1.0100 | 1.0100 | 1.0100 1.0100 1.0100

4 1.0066 | 1.0047 | 1.0047 | 1.0066 | 1.0056 1.0048 1.0048
50 1.0100 | 1.0100 | 1.0100 | 1.0100 | 1.0100 1.0100 1.0000

5 1.0200 | 1.0100 | 1.0100 | 1.0200 | 1.0100 1.0100 1.0100

51 1.0200 | 1.0200 | 1.0200 | 1.0200 | 1.0200 1.0200 1.0200

6 1.0130 | 1.0094 | 1.0092 | 1.0129 | 1.0092 1.0091 1.0090
52 1.0200 | 1.0200 | 1.0200 | 1.0200 | 1.0200 1.0200 1.0200

7 1.0138 | 1.0097 | 1.0095 | 1.0137 | 1.0096 1.0094 1.0093

53 1.0232 | 1.0232 | 1.0234 | 1.0230 | 1.0233 1.0232 1.0233

8 1.0145 | 1.0099 | 1.0097 | 1.0144 | 1.0098 1.0096 1.0095
54 1.0200 | 1.0200 | 1.0200 | 1.0200 | 1.0200 1.0200 1.0200

9 1.0100 | 1.0100 | 1.0100 | 1.0100 | 1.0100 1.0100 1.0100

55 1.0208 | 1.0203 | 1.0219 | 1.0209 | 1.0142 1.0210 1.0151

10 1.0144 | 1.0128 | 1.0142 | 1.0150 | 1.0132 1.0150 1.0146
56 1.0139 | 1.0139 | 1.0139 | 1.0139 | 1.0038 1.0159 1.0038

11 1.0170 | 1.0151 | 1.0169 | 1.0177 | 1.0152 1.0177 1.0170

57 1.0200 | 1.0200 | 1.0200 | 1.0200 | 1.0100 1.0200 1.0100

12 1.0250 | 1.0229 | 1.0252 | 1.0257 | 1.0207 1.0257 1.0229
58 1.0200 | 1.0200 | 1.0200 | 1.0200 | 1.0200 1.0200 1.0200

13 1.0129 | 10115 | 1.0130 | 1.0134 | 1.0111 1.0135 1.0127

59 1.0271 | 1.0268 | 1.0283 | 1.0289 | 1.0283 1.0280 1.0288

14 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 1.0000 1.0000
60 1.0230 | 1.0227 | 1.0233 | 1.0235 | 1.0226 1.0233 1.0233

15 1.0042 | 1.0031 | 1.0031 | 1.0042 | 1.0065 1.0032 1.0032

61 1.0229 | 1.0230 | 1.0233 | 1.0235 | 1.0229 1.0232 1.0237

16 1.0030 | 1.0028 | 1.0029 | 1.0033 | 1.0029 1.0033 1.0032
62 1.0157 | 1.0209 | 1.0162 | 1.0157 | 1.0153 1.0157 1.0198

17 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 1.0000 1.0000

18 | 1.0002 | 1.0002 | 1.0002 | 1.0002 | 1.0002 | 1.0002 | 1.0002 Table|I-Comparison
19 | 1.0012 | 1.0012 | 1.0012 | 1.0012 | 1.0012 | 1.0012 | 1.0012 ) Size
TL Cost Place size inpu
20 | 1.0228 | 1.0218 | 1.0229 | 1.0226 | 1.0195 | 1.0230 | 1.0217 inMW in$ inMW of
reactance
21 | 1.0079 | 1.0072 | 1.0076 | 1.0067 | 1.0025 | 1.0076 | 1.0077 13418.6
WO 12.984667 3 ’ - - -
22 | 1.0025 | 1.0021 | 1.0024 | 1.0021 | 1.0005 | 1.0024 | 1.0024
Ve 19.426259 13357.3 28 57.125 )
23 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 1 5
1.6349682 13569.1
24 | 10072 | 1.0069 | 1.0085 | 1.0087 | 1.0088 | 1.0077 | 1.0088 TCC 9 8 6 - 0.5386
25 | 1.0000 | 1.0100 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 UPFC 22'1:;6039 140; 4.4 2 17.219 0.3962
26 | 1.0022 | 1.0123 | 1.0022 | 1.0022 | 1.0022 | 1.0022 | 1.0022 SVC& 10351819 | 142056 | 12 o5 | 03813 08
TCSC 8 4 ! i i
27 1.0139 | 1.0209 | 1.0157 | 1.0159 | 1.0161 1.0145 1.0156 TCSC& 5.7781943 13986.0 7956 41.483 0.0013,
28 | 1.0028 | 1.0434 | 1.0028 | 1.0028 | 1.0028 | 1.0028 | 1.0028 UPFC 2 ’ : . -0.5366
SVC& 11.367543 14264.0 6262 0194 08
29 | 1.0182 | 1.0240 | 1.0206 | 1.0209 | 1.0211 | 1.0191 | 1.0205 UPFC 3 9 ' ) )
30 | 1.0239 | 1.0251 | 1.0270 | 1.0275 | 1.0277 | 1.0250 | 1.0280
31 | 1.0186 | 1.0191 | 1.0214 | 1.0219 | 1.0221 | 1.0196 | 1.0222
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Tablelll- the power generation pattern

Gen SVC& | TCSC& | SvC&
no. wo sve TesC | upre TCSC UPFC UPFC

Pgl 52.59 10.62 44.27 56.49 40.37 67.33 64.68

Pg2 | 17518 | 238.14 | 192.63 | 277.99 | 408.63 228.17 234.88

Pg3 | 31276 | 157.91 | 198.21 | 344.39 | 236.17 228.22 246.80

Pg4 | 14152 | 150.00 | 131.66 | 145.98 | 150.00 148.13 149.99

Pg5 74.99 | 162.90 | 194.23 | 286.24 | 59.11 224.35 299.64

Pg6 | 308.45 | 233.29 | 340.53 | 183.39 | 450.00 257.15 227.53

Pg7 7522 | 127.18 | 128.61 | 12248 | 116.21 50.45 171.67

Pg8 99.06 6096 | 172.01 | 66.26 50.00 101.87 152.22

Pg9 | 226.62 | 257.83 | 142.80 | 62.11 44.35 214.88 109.71

Pgl0 | 98.71 100.00 | 97.37 100.00 | 53.91 99.94 95.77

Pgll | 150.00 | 150.00 | 12351 | 9113 | 12861 148.78 150.00

Pgl2 | 99.79 98.79 | 100.00 | 84.93 97.61 95.45 100.00

Pgl3 | 294.49 | 299.65 | 187.31 | 300.00 | 283.66 166.51 237.08

Pgl4 | 146.40 | 134.49 | 150.00 | 150.00 | 142.67 143.82 39.20

Pgl5 | 111.16 | 139.68 | 108.67 | 178.95 | 171.20 207.52 153.14

Pgl6 | 127.47 | 14735 | 149.99 | 61.35 135.01 107.26 148.95

Pgl7 | 99.93 99.92 79.05 96.51 99.70 94.73 69.07

Pgl8 | 264.47 | 299.63 | 299.83 | 253.35 | 179.69 27411 193.74

Pgl9 | 111.99 | 108.86 | 118.75 | 118.37 | 111.94 104.90 125.10

Voltage in pu
1.0500
1.0400
1.0300
2 1.0200
£
2 10100
g
£ 1.0000
>
0.9900
0.9800

0.9700
13 5 7 91113151719212325272931333537394143454749515355575961
Bus numbers

=#=W0Q =#=5§VC ~+=TCSC ~~ UPFC ==5VC&T(SC ~o=TCSC&UPFC=0=SVCRUPFC

Fig. 2 Voltage profile

TLin MW

25
22.1360396

11.36754331

loss in MW

5.778194319

2 19.42625909
1035181981 I
-

15 1298466696
10
1.634968293
UPFC  SVC+TCSC TCSCHUPFC SVCHUPFC

Cases

Fig.3 Total lossin MW for each case
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Costin$
14400
14205.64246 14264.09767
14200 14074.49459
14000 13986.0729
13800
wr
[ .. 4
£ 13600 o 13569,1879:
S 13400 -63342357.35159
13200
13000
12800
(9 19
£ & & <
($
s & &

Cases

Fig.3 Cost of each casein $

Thefig.1 shows the convergence curve. It can be seen that
SVC gives lesser cost compared to SVC with TCSC and
TCSC with UPFC. But loss is not minimized drastically from
the single FACTS devices to multiple facts devices. Table Il
shows the comparison of the loss cost and locations of the
FACTS devices. The fig.2 shows the voltage profile. Here in
all the casesthe voltages are within limit. The voltage profiles
are nearly equal. Fig.3 shows the power loss from the system
after and before placement of SVC with TCSC, TCSC with
UPFC and SVC with UPFC. Here the minimum loss
generated by the SVC& TCSC case. And TCSC single also
produces lesser loss. The loss reduction is drastic from 12.98
MW to 1.03MW. From table Il it is evident that minimum
cost isachieved when the SVC aoneis placed. But minimum
loss is achieved when combining the SVC & TCSC. But
TCSC done reduces loss as well as cost compared to other
SVC with TCSC and TCSC with UPFC.

V. CONCLUSION

The combination of SVC with TCSC, TCSC and UPFC
and SVC with UPFC is characterized by reduced operating
costs and production costs over time. The cuckoo search
agorithm is used here as the solution technique. And the
Indian 62 utility bus, which is also is considered here for
testing the performances. The comparison is provided in the
results and discussion section. The TCSC performs better in
cost and loss. SVC alone gives better cost. Combination of
SVC&TCSC gives better loss.
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