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ABSTRACT

The role of Independent System Operator (ISO) énrdstructured power industry includes system ogntr
capacity planning, transmission tariff and congestinanagement; the challenging task being minirgizin
the congestion. One of the popular techniques usedlleviate congestion is using Flexible AC
Transmission Systems (FACTS) devices. The powetesygenerally operates near its rated capacity in
deregulated market because of intensive usagen$rission grids. So, the major issues that nedst to
addressed are improving the voltage profile anduckd) the power loss in the electrical network.
Motivation: The location of FACTS devices can improve the pofiew in the line, maintain the bus
profile and reduce the losses. However locatingidleal location is a NP problem. This study present
novel heuristic method to determine the types o€FS devices and its optimal location in a powetesys
without violating the thermal and voltage limitover flow sensitivity index to find the optimal laton of
UPFC is suggested in this study. A hybrid fish lsa&rm optimization is proposed which is based on
Artificial Bee Colony (ABC) and Fish School Sear#SS) methods. This proposed algorithm is tested
based on IEEE 30 bus system and line performameestadied.

Keywords; Congestion Management, 1SO, FACTS, Power Flow i8eitys Index, UPFC, Hybrid
Optimization, Artificial Bee Colony (ABC), Fish Sohl Search (FSS)

1. INTRODUCTION forces, with frequently varying demand and supgine
of such methods of managing congestion is usingpep

In a competitive power market, the system is FACTS device in congested line.
congested when the amount of power transactions is Flexible AC Transmission Systems (FACTS) are being
beyond the transfer capability of the transmisdiog widely used due to their capability to enhance powe
and the lines are forced to operate closer to therm system performance. The FACTS controllers employ
limits. Congestion is due to lines reaching thermal power electronics based technology. They are ueed t
limits and/or voltage limits. If such heavy powkn is reduce transmission line congestion and helps itertbe
not controlled, few of the lines are overloaded amaly utilization of existing grid structure. These dedgqermit
lead to emergency system operating state. Theecigtlg system operator to control power flow by improvithg
task in the deregulated power system is to prodde line transfer capability without violating thermkmnits.
transmission network which delivers contracted powe Also, they have flexibility to control voltage, ae and
from suppliers to consumers under controlled marketreactive power simultaneously. The reduction of @ow
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flow in heavily loaded lines results in increased Locational Marginal Pricing (LMP) difference method
loadability, low power loss, improved network stipi and congestion rent contribution method were
and reduced production cost. Transmission systenesv  proposed to find the best location for TCSC. A
and operators prefer FACTS devices to manage tiverpo  sensitivity factor method analysis was also prodide
transfer because of the above qualities. (Acharya and Mithulananthan, 2007). The increase in
The FACTS controllers have been broadly LMP was taken into account to measure the degree of
developed based on two different principles. First congestion and there by potential locations for F&C
principle is either altering the line series reaceor  devices were identified.
bus shunt reactance or voltage phase differenasaer The technical and economic issues in using FACTS
line by using conventional thyristor switches fantrol devices for congestion management were proposed by
(Kumkratug, 2011). Commonly used switches are Mwanza and Shi (2007). A method based on
Static VAR Compensator (SVC) and Thyristor constralngd generator resqhedulmg was cor]3|ddted.
Controlled Series Compensator (TCSC). The secondV3S vgnﬁed that including FACTS. devices for
principle is to control the series injected volteayed/or congestion management would (_axten§|vely.reduce the
shunt injected current with employing voltage seurc rescheduling g)c;we;.hA new e]!ec:]rlcal d;ls]cstect!ngr!'?gt
converters. Among two principles, SVC and Static was proposed Tor fhe use of phase-shiltet in Telev

congestion (Tangt al., 2007). The responsible factors
Synchronous Compensator (STATCOM) are the shunty consumers and suppliers causing congestion were
compensators, whereas, TCSC and Static Synchronougpiained using the proposed method.
Series Compensator (SSSC) are the series COMpENsato  |mpact of renewable energy specifically wind

The Unified Power Flow Controller (UPFC) combines generation on e|ectricity network in Congestion

both series and shunt compensators and offers morghanagement and related challenges were presented by
versatile characteristics than other controllers. Zhang and Yao (2008). It was recognized that agtidins
There are many research papers available inof FACTS and HVDC technologies with wide area
literature regarding congestion management usingmeasurement system were cost effective. A Dynamic
FACTS devices. A combination of Demand ResponsePower Flow Controller (DPFC) was introduced with
(DR) and FACTS devices was proposed for congestioncontrol scheme and coordination method by Rehtadz a
management using two-step market clearing procedurdiager (2008) for congestion management. Simulations
(Yousefiet al., 2012). determined that the transfer capability reachetl B®PFC
Acharyaet al. (2005) discussed the development of Was effective than the phase-shifting method.
FACTS devices and collecton of major FACTS A novel optimization-based method for placement
installations. Various issues and a detailed coatyais ~ ©f FACTS devices to relieve congestion using TCSC

related to FACTS devices were presented. The probfe ~ @nd SVC in transmission lines was investigated by
high losses and coordination among various coetsll Gitizadeh and Kalantar (2008). The objective also

had been analyzed. FACTS devices were used to solv&Ocused on increasing static security margin and
o voltage profile of a power system. Optimizationgeve
power system steady state control problems like: carried out based on location, size and number of

. FACTS devices. A method to determine optimal
* Voltage regulation location of TCSC was suggested by Mandala and
* Power flow controland Gupta (2010). The environmental and cost problems
* Enhanced transfer capability were taken into account to meet the objective.
Joorabianet al. (2011) used TCPST in congestion
Damping inter-area modes and power system stabilitymanagement. A method based on locational marginal
enhancement with FACTS controllers were studied andprice and optimal power flow in combination with
investigated as supplementary functions. The use offCPST was used for optimal setting and to determine
FACTS devices in managing power system congestionappropriate location for management/reduction of
would be effective depending upon their location. transmission lines congestion in restructured
The location of FACTS devices would impose environment. Shi and Mwanza (2007) handled
substantial impact on the market participants diyear congestion problems in combined pool and bilateral
indirectly because of their high cost (Sode-Yomel an contract markets using re-dispatch method and
Mithulananthan, 2004; Srivastava and Verma, 2000).suggested a solution for optimal operating point.
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The proposed paper suggests a hybrid algorithm tatransformer. Besides transformers, the generattsire
find optimal location of UPFC to minimize transisisn of UPFC contains a “back to back” AC to DC voltage

line congestion in competitive power market. source converters operated from a common DC link
capacitor as shown Fig. 1.

2. UPFC IN CONGESTION First converter (CONV1) is connected in shunt and

MANAGEMENT the second one (CONV2) in series with the line. The

shunt converter is used to provide an active power

An Based on the connection in the network, demand of the series converter through a common DC
FACTS controllers are broadly classified into four |ink. Also converter 1 generates or absorbs the
categ(_)ries viz._Series. controllers, Shunt Contrell_e reactive power, if it is desired and thereby previd
Combined Series-Series Controllers and Combinedindependent shunt reactive compensation for the. lin
Series-Shunt Controllers. The combined series-shuniconyerter 2 provides the main function of the UPFC
controllers are a combination of separate shuniseniés |y injecting a voltage with controllable magnituaied
controllers. In principle, combined shunt and <erie phase angle in series with the line via a voltagerse
controllers inject current into the system with gteunt as shown irFig. 2.

part of the controller and voltage in the line witie The reactance xs describes a reactance seen from
series part of the controller. There can be a pealer  erminals of the series transformer and is equal to
exchange between the series and shunt controliera v

DC link when the shunt and series controllers are S
controlled in a unified manner. Unified Power Flow Xs=><kf2max[8]
Controller (UPFC) is one of the series shunt cdiars. Ss

In this study the optimal location of UPFC is
investigated. The UPFC provides simultaneous cbofro  Where:
all basic power system parameters such as trarismiss X« = The series transformer reactance
voltage, impedance and phase angle. The contrcdler 'max = The maximum per unit value of injected
fulfill functions of reactive shunt compensatioreries voltage magnitude
compensation and phase shifting to accomplish plelti 2 mg s?/]f)tr?]?;sas;tﬁ)r?wer gyv:r of the series
control objectives. From a functional perspectittee converter 9P
objectives are met by applying a boosting transésrm
injected voltage and an exciting transformer reacti The UPFC injection model is derived enabling
current. The injected voltage is inserted by aeseri three parameters to be simultaneously controlled.

Shunt side Series transformer Series side

N
)

| N

)
1]
N

Converter 1 |Com'erter 2

Shunt AN
transformer / \

——
e

Fig. 1. Implementation of the UPFC by back-to-back vatagurce converters
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Fig. 2. The UPFC electric circuit arrangements
They are named as the: are many algorithms available for finding the omim
«  Shunt reactive power (Qu.) Iocat|on_ of these devices. _ _
«  Magnitude (r) and In this research work a new algorithm is proposed t
« Angle ) of injected series voltage find the optimal location of UPFC controller. The

) ) proposed Hybrid Fish Bee Swarm Optimization is Hase
The serles.connected voItage source IS modeled_ b¥)n Artificial Bee Colony (ABC) and Fish School Sefar
an |Qeal series voltage .Wh'Ch iscontrollable in (FSS) methods. The first step in locating UPFChis t
magnitude and phase, that is: identification of highly congested line. The powew
Performance Index (PIl) serves the purpose.

VSe :rvkey
here: 3. SIGNIFICANCE OF POWER FLOW
Where: PERFORMANCE INDEX (PI)
0= r< fmax and Gey=2m The process of instaling FACTS devices is

considerably important in the determination of type

The congestion is relieved in transmission lines location and rating of the equipment because off the

using SVC and UPFC (Singh and Verma, 2011). They . . . o
suggested that global optimal solution could be relatively high cost. Optimal location is based real

obtained effectively using GA. The optimal location power Pl and on total sy_stem act|v_e power and
and rating of the STATCOM for congestion reactive power Ioss_es reduction. Many I|te_ratura\«_3eh
management using power world simulator software Proved that location of FACTS devices is a
was proposed by (Sneha and Vedashree, 2013). predominant factor. The optimal location of FACTS
An optimization methodology was provided by devices centers in finding the most congested line.
Chonget al. (2007) for finding the optimal rating of Hence, a factor for finding the severity of line
the UPFC located at congested transmission line. Th congestion is used to determine the most congested
study suggested a general two step methodology tdin€. The severity of the system loading under radrm
maximize the benefits of a UPFC controller in a @nd contingency cases is explained by a real power
bilateral market. An economic comparison was donefloW performance index:
between congestion cost and installation cost of a

UPFC during heavily loaded conditions. It is infear Pout ) alE| "
from the literature that optimal location of FACTS Pl = (me] e
devices is paramount in minimizing congestion. Eher allbranchest, ™1 aubranchedi A|E, |
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Where:

Pl = Performance Index.

Piows = Real power flow in the line
P,™ = Maximum power limit
E,™ = Line voltage

E™ = Maximum voltage limit

Congestion occurs in the line when voltage and
thermal limits are violated. Hence, during overlaad
congestion the Pl value would be high. Thus, it ban
inferred that the line having highest Pl is theimptm
or best location of UPFC. Many algorithms are
available for location of FACTS devices. Few ofrthe
are dealt here.

3.1. Existing Algorithms

The following literatures gave basic idea about the
optimization techniques employed for congestion
management using FACTS devices.

Single and multi-objective optimization approaches
for optimal choice, location and size of SVC andSIEC
in deregulated power system to improve branch haadi
and voltage stability and reducing line losses was
presented by Reddyt al. (2010). Optimal FACTS
controllers’ location considering branch loadingjtage
stability and loss minimization were presented as
objectives using GA.

The concept of voltage stability index was proposed
by Wibowo et al. (2009). A multi objective Particle
Swarm Optimization was used to optimize generation
and installation cost. A PSO based algorithm taatec
series FACTS devices in deregulated electricitykeizsr
to reduce/manage congestion was proposed b
Hashemzadeh and Hosseini (2009).
sensitivity factors reduced solution space and gimpd
lines suitable for FACTS device placement.
Muthukrishnanet al. (2014) compared the effectiveness
of GA, Enhanced GA (EGA) and PSO for finding the
optimal locations of FACT in transmission lines.

A new GA to find optimal location and size of

P

Line outage
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3.2. Artificial Bee Colony Algorithm (ABC)

The use of Artificial Bee Colony algorithm (ABC)
for various applications had been discussed
(Balasubramani and Marcus, 2013; Baykasoglal.,
2007; Karaboga and Ozturk, 2011). Actual positiba o
food source in ABC algorithm corresponds to a $otut
to optimization problem with the nectar found ifioad
source representing the associated solution’stgudlhe
number of employed bees and onlooker bees are equal
and so also with food sources number. Each employed
bee is assigned an individual food source. Thieréhym
is an iterative process that starts by initializiad
employed bees with food sources randomly generated
i.e., solution represented by a D-dimensional vesled
vector. Every employed bee for each iteration fifaix
source in neighbourhood of current food source and
evaluates nectar amount i.e., fitness (Balasubraarah
Marcus, 2013; Baykasoghi al., 2007).

The algorithm’s main steps are:

in

Send employed bees to food sources and determines
the nectar amounts

Calculates source probability value with prefereenc

of onlooker bees

Stop exploitation process of sources is abandoged b
bees

Send scouts to search area randomly to discover new
food sources

Memorize best food source found

An artificial bee colony consists of three grouds o
ees in this algorithm: Employed bees, onlookerd an
scouts (Liu, 2013). A bee waiting on dance floormake
a decision to choose food source is called onloaker
one going to food source visited by it earlier is a
employed bee. The other bee is scout bee thatsaotit
random search to discover new sources. Food source
position represents a possible solution for optatian
problem and nectar in a food source which corredpon
to fitness of an associated solution and is caledlay:

TCSC for congestion management was proposed by

Hosseinipoor and Nabavi (2010). Rahaal. (2010)

proposed a congestion management problem using bee

colony optimization where the aim of the proposed
study was optimizing generation cost in power gyste
network with given constraints.

Since the proposed algorithm is the combination of
Artificial Bee Colony algorithm (ABC) and Fish Sablo
Swarm Intelligence algorithm (FSS), a brief disdoiss
of them is given in the following section.
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Generally the algorithmic structure of the ABC
optimization approach is given as follows:

Initialization phase
Employed bees phase
Onlooker bees phase
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* Scout bees phase ¢ Random behavior: Generally fish swim randomly

* Memorize the best solution achieved so far and looks for food and other companions.

« UNTIL (Cycle = Maximum Cycle Number or a ¢ Searching behavior: This is basic biological
Maximum CPU time) behavior as fish tend to go to food; when fish

discover a region with more food, by vision/sense,

In initialization phase, population of food sources they go to it directly/quickly.

are initialized by artificial scout bees with casitr « Swarming behavior: While swimming, fish

parameters being set. Artificial employed bees clear assemble in groups. This is a habit to guarantee

for new food sources having more nectar in fooda®u existence of swarm and to avoid dangers.

neighbourhood, in their memory, in employed be&sph . Chasing behavior: When a fish or a group in the

In the onlooker bee’s phase, artificial onlookerede swarm discovers food then, others in neighborhood

probabilistically choose food sources based on

! . . finds food dangling quickly after it.
information provided by employed bees. In scout'see

phase, employed bees solutions which cannot beviragr The objective function is given by:

by predetermined trials, called “limit”, become stowith o . )

their solutions being abandoned. Minimize: o (Branch loading factor)p-(Line
utilization factorxVoltage deviation)

4. MATERIALSAND METHODS 5 RESULTS

From literature it is seen that existing evolutigna ) )
algorithms either converge slowly or face the peoblof The proposed method is tested using IEEE 30 bus
local minima. This work overcomes the issues faopd System. The proposed fitness function tries to famd
proposing an hybrid algorithm. The proposed algorits a ~ optimal solution for the location of UPFC by
hybrid fish bee optimization algorithm to ensure an minimizing the Branch loading and improving voltage
effective/competent solution by integrating advgatof  stabilization. To study the proposed technique,
both the above algorithms to make search efficient,congestion is created in the lines by uniformly ove
especially when a problem has many solutions. Theloading the system by 30%. The ten largest power
flowchart of the proposed hybrid optimization i®®im in flow sensitivity values in the IEEE 30 bus systesn i
Fig. 3. The optimal location of the UPFC device is shown inTable 1. Power flow sensitivity index
based on the branch loading, deviation in voltage a Based on the sensitivity index UPFC were placed
the efficient utilization of line capacity. in lines 1-3 and lines 3-4. The overloading in etioh
The previous section discusses the bee algorithh&s.  patore and after placement of UPFC is showRiin 4.
use of Fish School Swarm Intelligence algorthm3FS paced on the results it is found that the congesiio

for various applications had been discussed in,(Liu oq,ced by locating UPFC. It is evident fréiig. 4 and 5
2013; Fernandest al., 2009; Rochzt al., 2012). An that the fitness function not only identifies thptimal

opt_ir_ni_zing . method based on autonomous animatesmcation of UPFC but also enables congestion manege
Artificial Fish Swarm Algorithm, was developed by by distributing the load to reduce overall congesti
Chinese scholars, let al. (2004), imitating fish behavior.

The basic idea (Liu, 2013) of Artificial Fish-swarm +,p1e1 Power flow sensitivity index
Algorithm is as follows. In waters, where most fizte

Power flow
gathered, there is abundant food. According to fikls Lines sensitivity index
characteristic, artificial fish are constructed detl to 1-3 8.12
imitate preying, swarming, following and other acts 3-4 7.96
Each artificial fish corresponds to an optimal siolu 2-4 6.45
and virtual waters, where artificial fish survive 25 6.18
corresponds to solution space of optimization peobl i ggz
and food concentration corresponds to objectiveg ; 0.94
function value. Thus, optimal solution is obtained g.g 0.93
(Fernandest al., 2009). 8-28 0.85

The main fish swarm behaviors are as follows: 2-15 0.81
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Fig. 5. Line loading
6. DISCUSSION costs of FACTS devices, optimal location for

placement of these devices is mandatory. The new
From Fig. 5 it can be observed that congestion is hybrid algorithm converged to maximum without
relieved by more than 5% in atleast 10 lines. Thebeing trapped at local optima for optimal choicel an

maximum congestion relief is obtained in line 1-Bhw
relief of over 27%. Lines 10-22 had the minimurtiefe
compared to all other lines as seefkig. 5.

7. CONCLUSION

More attention is given to FACTS devices

applications in power systems as they proved to be

FACTS controller’'s location. The power transfer
capability is enhanced by 22.44% in highly congdste
lines (when the system is uniformly overloaded by
30%) after placing UPFC in lines 1-3 and 3-4. It is
concluded that location of UPFC plays a significant
role in congestion management.
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