ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology

Vol. 6, Special Issue , August 2019
International Conference on Recent Advances in Science, Engineering, Technology and
Management at Sree Vahini Institute of Science and Technology-Tiruvuru, Krishna Dist, A.P

Optimal Allocation of TCSC & SVC Devices
for Available Transfer Capability
Enhancement Using Genetic Algorithm

B. Narendar , Kiran Kumar Kuthadi

PG Scholar, Sree Vahini Institute of Science & Technology, TIRUVURU
Assoc. Professor & HOD, Sree Vahini Institute of Science & Technology, TIRUVURU

ABSTRACT: Improving of Available Transfer Capability (ATC) is an essential difficulty in the present day de-
regulated surroundings of energy systems. The Available Transfer Capability (ATC) of a transmission community is
the unutilized transfer talents of a transmission community for the transfer of power for similarly industrial activity,
over and above already dedicated utilization. Power transactions among a specific vendor bus/area and a purchaser
bus/vicinity may be dedicated handiest while sufficient ATC is to be had. Transmission system operators (TSOs) are
endorsed to use the prevailing centers more effectively to decorate the ATC margin. ATC can be restricted commonly
by using heavily loaded circuits and buses with highly low voltages. It is widely known that FACTS era can manipulate
voltage value, segment attitude and circuit reactance. Using these devices can also redistribute the burden flow,
regulating bus voltages. Therefore, it is profitable to investigate the impact of FACTS controllers on the ATC. In this
thesis makes a specialty of the assessment of the effect of TCSC as FACTS tool on ATC and its enhancement at some
stage in with and without line outage cases. In a aggressive (deregulated) electricity marketplace, optimum the vicinity
of these devices and their control can notably affect the operation of the device and may be very crucial for 1SO.
Genetic Algorithm is used as the optimization tool to decide the location in addition to the parameters of TCSC
simultaneously.

In this paper, the use of TCSC to maximize Available Transfer Capability (ATC) generally defined as the
most energy switch transaction among a selected power-supplier and a power-client in a community all through every
day and contingency cases.

. INTRODUCTION

In that overregulated process shape, strength creators together with prospects experience that common
broadcast structure in place of decking electricity with the element in reference to technology in order to melodramatic
factor consisting of utilization. one and all on this full access ambiance may well try in order to produce spectacular
strength with the more affordable authority in the interest of return on investment edge, which may perhaps lead so
clogging up moreover crowding epithetical certain doorways consisting of startling gearbox community. this might set
off destruction going from row circulation, electricity as well as strength hampers as a consequence thereby undercut
melodramatic method protection. networks consequently need up to decide correctly “available turn over skill (atc)” so
ensure that procedure trustworthiness was built whilst eating its wide range in reference to respective together with
coordinated confirmations. The electrical gearbox networks inside the u.s. suit in order to publish the guidelines in
reference to air traffic control containing automatic transmission structure in the course of the entry synchronic
machinery (oasis) [6].

Sensational control tower in reference to its automatic transmission structure underdog described then as
unspent switch skill consisting of startling communication community in the change epithetical electricity to industrial
exercise, over as well as above then attached tradition. potential rejections betwixt that specific merchant bus/area
might be dedicated once plentiful flight control were available in spite of that tell. as a result, that deliver ability may be
used in the interest of saving broadcast prone, planning enterprise together with non-firm verifications as well as in the
direction of coordinating necessity downgrades in the seam auctioneer bus/locations substitute purchaser bus/places
containing associated process organization. faa by the whole of places epithetical it an associated process structure
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together with also in pursuance of important automatic transmission crossings in the midst of parts beseem that one
may be always intuited, corrected as well as quoted up to cover subsequent in general change in process prerequisites.
Transmission Reliability Margin (TRM) is defined as that amount of transmission transfer capability necessary to
ensure that the interconnected transmission network is secure under a reasonable range of uncertainties in system
conditions.

Capacity Benefit Margin (CBM) is defined as that amount of transmission transfer capability reserved by load
serving entities to ensure access to generation from interconnected systems to meet generation reliability requirements.

Mathematically, ATC is defined as [6]: ATC=TTC - TRM - {ETC + CBM}

1. Modelling of TCSC & SVC

Transmission lines are represented by lumped m equivalent parameters. The series compensator TCSC is
simply a static capacitor/reactor with impedance jxc [11]. Fig. 2 shows a transmission line incorporating a TCSC.
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Fig. 1 Equivalent circuit of a line with TCSC

Where Xij is the reactance of the line, Rij is the resistance of the line, Bio and Bjo are the half-line charging
susceptance of the line at bus-i and bus-j. The difference between the line susceptance before and after the addition of
TCSC can be expressed as :
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The shunt compensator SVC is simply a static capacitor/reactor with susceptance Bsvc. Fig. 3 shows the
equivalent circuit of the SVC can be modeled as a shunt- connected variable susceptance Bgyc at bus-i.

Fig. 0 Variable shunt susceptance

A. The reactive power injected into the bus due to SVC can be expressed as Qsvc = Bgy VV?
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The place vs the had been powerful heat strength going from powerful integrate where powerful
reprovisioning is hooked up. Smallest degree. Three .five exhibits startling steady-state together with aggressive
voltage-current traits containing sensational reprovisioning portion epithetical powerful process. fly powerful lively
regulate fluctuate, recent/susceptance as a consequence nervous energy had been different to control intensity in
accordance with that incline (droop) quality. Sensational hill price depends upon sensational chosen power supply,
sensational chosen dividing in reference to precise capability creation ‘tween sites, respective wants epithetical
melodramatic device. Powerful hill is often 1-5%. at melodramatic actuation reduce, spectacular reprovisioning was
your sway spindle. at startling preparatory define, melodramatic echo was its pivot engine (the existing about keen
energy will also be limited). Melodramatic reverberation shown by sensational changing tone was very speedy (few
cycles) along with had been melodramatic reply usually pictured smart fleeting steadiness reproduction. Approximately
SVCs have its susceptance/latest/precise electricity governor up to lazily drag powerful priv as far as your wanted
steady-state operational element. the one in question inspires powerful echo deriving out of turning in the direction of
glamour prevents throughout typical fulfilling situations, maintaining manage surplus for quickly opinion at some stage
in instabilities. in the course of regular effort, intensity was not managed saving startling energy surpasses your tired
team controlled by spectacular hinders on spectacular harvest containing melodramatic susceptance switch.

I11. RGA FOR ENHANCEMENT OF ATC USING FACTS DEVICES

Matriclinous finding (gas) enters along with advanced via men's room England. Fellow imagined ancestral
linear programming absolutely conception in the direction of unattached intermediaries. Ireland exaggerated powerful
importance consisting of mutation chic economies.

Genetic finding have been go through data in line with spectacular mechanism going from natural law
moreover typical pedigree, stimulated coming out of startling phylogeny, natural law by the whole of strand buildings
having a create too, randomly assigned information sharing some in sensational inhabitants up to sort your neural
network because of epithetical startling creative glamour consisting of individual scout. latest every other era this year's
new appoint epithetical artificial demons (strings) made by way of morsel containing sensational outdated, a an casual
adjustment has been tried in place of comparison purposes. body randomization miasma take advantage of old guidance
as far as speculate supported new seek elements plus watching for expanded. Startling current pamphlet designates
triplets important types going from scout approaches about pictorial representations.

GA is normally designed to maximize or limit the FF, that could be a diploma of the amazing of each
candidate answer. After control variables are coded, the goal function (health) may be evaluated. These values are
measures of best, that's used to look at precise answers. The better answer joins the present day populace and the more
excessive one is discarded. The fitness cost of an individual will determine its threat to propagate its functions to
destiny generations. Here ATC is used as the fitness feature (FF). In order to test the effect of most possible repayment,
the variety of TCSC repayment is saved amongst zero to 40% of maximal line reactance. Therefore RGA fitness
function (FF) is formed as follows [8]:

FF = maximization of ATC
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Fig. 0 RGA flow Diagram

IV. CASE STUDIES AND DISCUSSION

Spectacular obtainable deliver ability (ATC) were conceptualized for any schedule epithetical source/sink
revamps toward tells 14-bus procedure together with aco 24 trustworthiness experiment approach. Spectacular flight
control edge should be additional expanded by means of appropriate station as well as manage guideline consisting of
proof contraptions. in view this memoir, TCSC as a consequenceadt was been using proof units. real-code algorithm is
now recognizable locate most excellent area as a consequence manage framework consisting of TCSC along with priv
in the direction of overemphasize consisting of far. In view of this treatise, powerful total research is now divided in
double circumstances cause:

1. ATC planning devoid of row failure.

2. ATC planning including position brownout.

the far boundary had been limited through integrate heat volume as well as row move score. startling energy strength
hampers in reference to all black cabs were setting to vmin=0.ninety five (p.u) as a consequence vmax=1.15 (p.u).
startling route prominence going from rsa 14-bus approach moreover rsa 24-bus approach were given smart table its
moreover ibid separately.

A. IEEE 14-BUS SYSTEM
i. Without line outage case

Table .1ATC without FACTS Device

Source/Sink ATC Violation Constraint
bus no. (M.W) (line flow/voltage)
1/9 53.0 Line-8 overflow
1/10 44.0 Line-8 overflow
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1/12 30.0 Line-8 overflow
1/13 315 Line-8 overflow
1/14 42.0 Line-8 overflow
1/4 222.0 Line-1 overflow
1/3 157.5 Line-2 overflow

Melodramatic to be had deliver ability (atc) had been intuited to get a schedule consisting of source/sink
restructures by means of non-stop power circulate (cpf). Table 1.one million reveals melodramatic atc in the direction
of so 14-bus process with no information gadget.

Unionization containing TCSC

When TCSC was consolidated mod startling process, with the condition that our own selves contemplate only
elements epithetical approach, there were 20 feasible areas in spite of sensational TCSC. Melodramatic location
convention area was setting because 20 cost equally data to twenty. Startling amount containing benefit provided with
the aid of TCSC has been zero that one may 40% (kd). After by means of true algorithm scheduled mod this implement,
the implications bought show fly Table 2. Everything displays with startling stream handle functionality TCSC
improved sensational flight control drastically.

Table 2ATCs after incorporating TCSC

Source/Sink ATC without ATC with TCSC Compensation
bus no. TCSC (M.W) TCSC (M.W) Location (p.u)
1/9 53.0 68.5 Line-9 -0.088
1/10 44.0 62.0 Line-12 -0.075
1/12 30.0 47.0 Line -9 -0.130
1/13 315 48.5 Line -9 -0.128
1/14 42.0 57.0 Line -12 -0.110
1/4 222.0 250.0 Line -3 -0.070
1/3 157.5 210.5 Line -6 -0.081

Fig. 5 is the convergence characteristic of Real-code Genetic Algorithm and it shows a graph between
generation and fitness function i.e., ATC (M.W) when source/sink transfer is between bus 1 and bus 9. After 89
generations, the optimal value of TCSC location and compensation value is found. It shows a good convergence of this
algorithm
The GA parameters selected were:
a) Population size 40 b) Elitism probability = 0.15 ¢) Crossover probability = 0.60 d) Mutation probability = 0.01 e)
Generations number 100
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Fig. 0 No. of Generations Vs Fitness profile of ATC
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Incorporation of SVC

Howbeit solitary exch had been united mod startling method, with the condition that personally think of quite
taxies going from method, you will discover 14 you possibly can characteristics in spite of spectacular adt. Startling
location method quarter was setting like 14 symbols like one million to fourteen. Spectacular amount consisting of
salary awarded through exch was zero up to zero.binary unit (p.u) corrupt.fosse., bsvc. Been using actual solver, the
implications received reflect chic table-5.three. the it indicates eith spectacular movement manage perform cust
multiplied powerful air traffic tremendously. hoot. Five.4 exhibits melodramatic energy sketch in the interest of mso
14-bus device with no with cust situated at bus-9, howbeit flight control had been visualised for any agreement one
million/9.

Table .3ATCs after incorporating SVC

Source/Sink | ATC without | ATC with SvC Compensatio
bus no. SVC (M\W) | SVC (M.W) | Location n
(p.u)
1/9 53.0 61 Bus-10 0.081
1/10 44.0 49 Bus-10 0.081
1/12 30.0 40.5 Bus-12 0.097
1/13 315 42 Bus-12 0.001
1/14 42.0 57 Bus-12 0.097
1/4 222.0 228 Bus-9 0.001
1/3 157.5 160.5 Bus-13 0.075
1.1 B Without SVC
1.08
©1.06
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Fig. 0 Bus voltage profile for without and with SVC at bus-9

ii. With line outage

spectacular accessible switch ability (atc) have been visualised in place of that scene in reference to
source/sink downgrades by means of steady circulation (CPF), just as line-16 is now psychologically damaged from
powerful procedure that is now attached enclosed by bus-13 along with bus-14. Table-5.five exhibits startling flight
control in spite of aco 14-bus process devoid of information machine, immediately upon line-16 were brownout. damn.
five. three: indicates its pattern intensity chart and the sso 14-bus method and with blackout situations.

Table .4ATCs without FACTS Device during Line-16 outage

Source/Sink ATC Violation Constraint
bus no. (M.W) (line flow/voltage)
1/9 45.0 Bus-14 voltage limit
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1/10 44.0 Bus-10 voltage limit
1/12 345 Line-8 overflow
1/13 22.5 Bus-13 voltage limit
1/14 36.0 Bus-14 voltage limit
1/4 217.0 Line-7 overflow
1/3 157.5 Line-2 overflow

BOWithout Line outage

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Bus No.

Fig. 6 voltage profile for without and with line outage cases
Incorporation of TCSC & SVC

Much as particular TCSC is now coordinated chic sensational method, wherever personally reflect on quite
strands going from approach, you will discover 19 feasible destinations for spectacular TCSC. Power ful location
system quarter was name like 20 numbers like binary digit to twenty apart from cable sixteen. Sensational amount
containing salary provided by means of TCSC has been zero up to 40% (kd). Was using authentic algorithm planned
during this go, the consequences acquired say latest table-5.five. Everything presentations with startling stream regulate
functionality TCSC elevated melodramatic control tower tremendously under wire disruption.

Table 0 ATCs after incorporating TCSC during line-16 outage

Source/Sin ATC without TCSC ATC with TCSC Compensation
k bus no. (M.W) TCSC Location (p.u)
(M.W)
1/9 45.0 61.0 Line-6 -0.089
1/10 44.0 56.5 Line-6 -0.100
1/12 34.5 46.0 Line -12 -0.055
1/13 22.5 39.0 Line -9 -0.084
1/14 36.0 51.0 Line -12 -0.066
1/4 217.0 230.0 Line -8 -0.100
1/3 157.5 187.5 Line -6 -0.102
Table.5 ATCs after incorporating SVC during line-16 outage
Source/Sin | ATC without | ATC with SVvC Compensation
k bus no. SVC (M.\W) | SVC (M.W) | Location (p.w)
1/9 45.0 51.0 Bus-14 0.0984
1/10 44.0 46.0 Bus-10 0.0781
1/12 345 45.0 Bus-12 0.0940
1/13 22.5 315 Bus-13 0.0890
1/14 36.0 45.0 Bus-14 0.0970
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1/4 217.0 226.5 Bus-9 0.0940
1/3 1575 160.5 Bus-10 0.0960
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Fig 7 Bus voltage profile for without and with SVC at bus-13

B. IEEE 24-BUSRELIABILITY TEST SYSTEM
Without line outage case

The Available Transfer Capability (ATC) is computed for a set of source/sink transfers using Continuous
Power Flow (CPF). Table 7 shows the ATCs for IEEE 24-bus system without FACTS device.

Table.6 ATC without FACTSs Device

Source/Sink ATC Violation Constraint
bus no. (M.W) (Line flow/Voltage)
23/15 770.0 Line-24 overflow
22/9 395.0 Line-38 overflow
22/5 260.0 Line-38 overflow
21/6 105.0 Line-10 overflow
18/5 260.0 Line-38 overflow

Incorporation of TCSC

Table 7 ATCs after incorporating TCSC

Source/Sink | ATC without ATC with TCSC Compensation
bus no. TCSC (M.W) | TCSC (M.W) Location (p.u)
23/15 770.0 810.0 Line-28 -0.0103
22/9 395.0 420.0 Line-12 -0.0635
22/5 260.0 270.0 Line -15 -0.0239
21/6 105.0 120.0 Line -5 -0.0669
18/5 260.0 270.0 Line -15 -0.0283

When one TCSC is integrated inside the machine, if we bear in mind all strains of machine, there are 38 viable
locations for the TCSC. The area code area are set as 38 integers as 1 to 38. The quantity of repayment offered by
means of TCSC is 0 to 40% (Kd). After the usage of Real Genetic Algorithm proposed on this work, the results
received are proven in Table-5.Eight. It shows that with the float manage feature TCSC expanded the ATC
considerably
Incorporation of SVC

When one SVC is included inside the gadget, if we recollect all buses of gadget, there are 24 possible
locations for the SVC. The location code location are set as 24 integers as 1 to 24. The quantity of repayment supplied
through SVC is zero to zero.1 (p.U) i.E., Bsvc. After the use of Real Genetic Algorithm, the effects acquired are shown
in Table-5.9. It suggests that with the drift manage feature SVC expanded the ATC considerably.
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Table 8 ATCs after incorporating SVC

Source/Sink | ATC without | ATC with SvC Compensation
bus no. SVC(MW) | SVC(M.W) | Location (p.u)
23/15 770.0 790.0 Bus-20 0.099
22/9 395.0 405.0 Bus-5 0.086
22/5 260.0 265.0 Bus-11 0.081
21/6 105.0 110.0 Bus-11 0.082
18/5 260.0 262.0 Bus-5 0.091

With line outage

startling obtainable change skill (atc) have been visualised to get a scene epithetical source/sink downgrades
by way of uninterrupted flow (cpf), much as line-8 is now psychologically damaged from powerful process that had
been anchored in the seam bus-4 as well as bus-9. damn. five.five: reveals the linear representation electricity review
for melodramatic sso 24-bus method with along with without disruption situations.

I

12 3 4 5 6 7 8 9101112 1314151617 18 19 20 21 22 23 24

@ With line outage
Fig. 8 Bus voltage profile for without and with line outage cases
Table 5.10 shows the ATCs for IEEE 24-bus system without FACTs device, When line-8 is physically removed.

Table 9 ATCs without FACTS Device during Line-8 outage

1.08

1.06

1.04

1.02
1

0.98
0.96

Voltage margnitude
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1

0.94

0.92

0.9

Source/Sink ATC Violation Constraint
bus no. (M.W) (Line flow/Voltage)
23/15 765.00 Line-24 overflow
22/9 385.00 Bus-9 voltage limit
22/5 214.20 Line-9 overflow
21/6 86.70 Line-10 overflow
18/5 214.20 Line-9 overflow

Incorporation of TCSC & SVC

Just after special TCSC has been integrated in very approach, wherever individually reflect on quite strains
consisting of method, you will find 19 you'll be able to places and the TCSC. the placement custom zone have been
name cause 20 symbol cause binary digit to twenty apart from line-8. Melodramatic amount in reference to coverage
awarded via TCSC was zero as far as 40% (kd). Were using genuine algorithm suggested in view this handle, the
implications got had been shown smart table-5.eleven. Everything displays even with sensational move handle
functionality TCSC improved sensational flight control drastically to under wire failure.
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Table 10ATCs after incorporating TCSC during line-8 outage

Source/Sin ATC ATC with TCSC | Compensatio
k without TCSC Locatio n
bus no. TCSC (M.W) n (p.u)
(M.W)
23/15 765.00 801.20 Line-25 -0.0101
22/9 385.00 413.10 Line-14 -0.0652
22/5 214.20 229.50 Line -2 -0.0304
21/6 86.70 91.80 Line -7 -0.0730
18/5 214.20 229.50 Line -2 -0.0328

Table 11 ATCs after incorporating SVC during line-8 outage

Source/Sink | ATC without | ATC with SVvC Compensation
bus no. SVC (MW) | SVC (M.W) | Location (p.u)
23/15 765.00 785.40 Bus-10 0.084
22/9 385.00 392.70 Bus-23 0.099
22/5 214.20 219.30 Bus-14 0.092
21/6 86.70 88.20 Bus-6 0.081
18/5 214.20 224.40 Bus-16 0.098

V. CONCLUSION

In deregulated electricity systems, available switch capability (ATC) analysis is currently a crucial hassle both
in the going for walks or making plans because of expanded vicinity interchanges amongst utilities. Sufficient ATC
have to be confident to guide unfastened market shopping for and selling and preserve a cost-powerful and at ease
operation over a huge type of system situations. However, tight restrictions on the construction of new facilities due to
the increasingly more hard financial, environmental, and social problems, have triggered a miles extra extensive shared
use of the prevailing transmission facilities with the aid of utilities and unbiased electricity producers (IPPs). Based on
operating limitations of the transmission system and manage competencies of FACTS technology, technical feasibility
of using FACTS devices to enhance ATCs are analyzed and recognized.

The ATC is computed for numerous transactions using Continuous Power Flow technique on IEEE 14-bus
check gadget and IEEE 24-reliability take a look at system in some unspecified time in the future of normal and
contingency times thinking about line thermal restrict as well as bus voltage limit. The development of ATC the use of
TCSC or SVC is studied and confirmed with IEEE 14-bus take a look at device and IEEE 24 reliability check gadget
all through ordinary in addition to contingency times. The place and manipulate parameter of TCSC and SVC in the
gadget also impacts the enhancement of ATC. Implementation of the proposed Real code Genetic Algorithm has
performed nicely whilst it is used to determine the region and compensation level of TCSC or SVC with the motive of
maximizing the Available Transfer Capability. From the outcomes, it's miles validated that putting in SVC as a FACTS
tool will improve voltage profile in addition to ensuing ATC enhancement, wherein as TCSC can decorate ATC in each
thermal dominant case and voltage dominant case. Finally, it's miles simply suggests from the consequences that TCSC
is greater powerful than SVC in enhancing ATC below each everyday and contingency situations.

Copyright to IJARSET www.ijarset.com 260


http://www.ijarset.com/

ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology

Vol. 6, Special Issue , August 2019
International Conference on Recent Advances in Science, Engineering, Technology and
Management at Sree Vahini Institute of Science and Technology-Tiruvuru, Krishna Dist, A.P

REFERENCES

[1].Transmission Transfer Capability Task Force, “ATC definitions and determination,” North American Electric Reliability Council, NJ, June 1996
[2] M.Norozian, G.Andersoon, “Power Flow Control by Use of Controllable Series Components”, IEE Transactionson Power Delivery, VO1.8,
No.3,July 1993, 1420-1428.

[3] C.R.Fueerte-Esquiivel, E.Acha, “Neewton-Raphsoon algorithms for the reliable solution of large poower networks with embedded FACTS
devices”, IEE Proc.Gener. Transm. Distrib., VVol.143, No 5, Sep. 1996, 447 - 454.

[4]J. Tong, G. C. Ejebe, J. G. Waight, X. Wang. “Available transfer capability calculations”. IEEE Trans. Power Systems. 13(4): 1521-1527.

[5] 1996. North American Electric Reliability Council. Available transfer capability Definitions and determination.

[6] Wang Feng,G.B.Shrestha “Allocation of TCSC Devices to optimize TTC in Competitive Poower Market” IEEE Trans.Power
systems,feb2001,587-592

[7] Transmission Transfer Capability Task Force, ”Available transfer capability Definitions and determination”, North American Electric Reliability
Council,

[8] Sasson, A. M. Freris, L.L., Investigatoion on the load floow problem. Procedings of IEEE, 1968, 115, 1470.

[9] IEE transactions on power apparatus and systems, IEEE Reliability Test System, Vol.PAS-98, No.6, Nov/Dec. 1979.

[10] Static VVar Compensators Proceedings of the IEEE, Power Electronics in Electric Utilities: Vol. 76, NO. 4, Arl 1988.

[11] C. Christie, V. Ajarapu, and “The continuation power flow: a practical tool for tracing power system steady state stationary behavior due to the
load and generation variations,” IEEE Trans. Poower Systems, . 7, No. 1, . 1992,416-423.

[12] M.Noroozian, G.Anderson, “Power Flow Control by Use of Controllable Series Components”, IEEE Transactions on Power Delivery, VO1.8,
No.3, July 1993, 1420

Copyright to IJARSET www.ijarset.com 261


http://www.ijarset.com/

