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Abstract- Reactive power service plays an important
role as an ancillary service in competitive power
markets. Appropriate management and provision of
reactive power is very essential for power system
security and reliable operation of the system .@G&nes

are the main source of reactive power generatidrtfza
cost of reactive power should be considered foir the
noticeable impact on both real and reactive malgina
prices .In this paper, a method based on locational
marginal prices calculation for real and reactizsver

by considering variety of reactive power models fo
providing reactive power support. The introductioi
the FACTS controllers in the system enhances more
flexible operation and their role in marginal price
determination and its cost function are taken into
account. The proposed approach is applied on Indian
246—-NREG bus system to illustrate the effectiverodss
the framework and the test results are presentbd. T
derived results have also been computed for bihater
transactions and pool transactions for with/without
FACTS devices.

Index Terms —Bilateral model, Cost function, FACTS
cost model, Hybrid model, Pool model and Real and
Reactive power,

[. INTRODUCTION

The electricity supply industries all over the vebib
alight upon restructuring their electricity busiadato
competitive environment for better utilization dfet
resources, technological innovation, quality ofvemr

and adequate better choice to the consumers at
competitive prices .Electricity sector deregulatiafso
known as restructuring is expected to attracts
investment, promote efficiency, increase technical
growth and improve better operation of the syst&n [
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Reactive power service is one of the key issues of
ancillary services and it paves the way for better
transaction of power in electricity markets. Thaatare
power service is essentially required for transioissf
active power, voltage control and reliable operatid

the systems in the competitive electricity market
structure. The prolonged research on transmission
pricing shows that, there is no generalized themmy
pricing methodology. In general, each electricitgrket

has adopted a method based on particular topolbgy o
the network [2].

Many investigations and several studies have been
carried out of proper method of reactive poweripgc

In order to maintain the good voltage profile and
preserve system operational reliability, the spitepof
reactive power has gained importance and should be
given much attention [3].

Most of the researchers have been focused on real
power transactions as the important one. In some
systems, the reactive power cost is included inptice

of active power pricing of real and reactive por

In ref [5], the authors analyzed the reactive cimgrg
scheme composed of recovering capital cost and
operating cost. Locational spot prices for reactivever
could provide adequate incentives for loads to wows
reactive power and for generator to produce reactiv
power sufficiently.

More advanced technology is provided for secure and
reliable operation of transmission and distribution
power system .To increase the power transfer chigabi
and achieve better utilization of existing powestsyn,

the flexible AC transmission system (FACTS) corignol
have become imperative. FACTS controllers have the
capability of direct-line control of transmissioimé
flows by changing the transmission line paramedach
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as line impedance and power angle of transmission
corridors [6].

In ref [7], the authors proposed that installatioh
FACTS controllers with their optimal location can
change the power flow pattern stability, security,
reliability and economic efficiency of the system b
changing the wheeling cost of power due to impact o
nodal price of real and reactive price and thesetbese
FACTS devices cost functions should also be
incorporated in an objective function which provide
noticeable changes in nodal prices of both real and
reactive power.

Olivera et al., suggested that allocation of FACTS
devices and their domination in transmission pgcin
was presented in ref [8].The impacts of SVC and TCS
on the spot prices of real and reactive power were
determined and maximizing the social welfare fuoncti
are studied in [9].

The effects of optimally located SVC and TCPAR on
the real and reactive power price includes thescoét
FACTS controller has been described in ref [10fHe
restructured environment the number of bilateral
transactions has grown rapidly and it is essetti&lelp
the system operator to evaluate their impacts stesy
operation and impacts on nodal price determination
[11].Singh and David et al., introduced the conosfpt
optimal location of FACTS device which is deternine
using line power based sensitivity index, perforogan
based index, loss sensitivity based index, priceetha
index with inclusion of FACTS parameters [12]. kf r
[13], the authors ascertain the locational margimades
with SVC controller for pool and hybrid market made

In this article, nodal prices have been computegdml

and bilateral transactions by considering of three
different reactive power cost model for generator’s
reactive power cost calculation. The Simulationultes
has been done in two parts. The first part incluties
numerical approach without considering FACTS
devices and the second part includes the FACTS dgvi

in the system. The impacts of FACTS controller have
been incorporated taking their cost functions into
account. The proposed approaches have been tested o
Indian 246-bus NREG system and the comparisons have
been given for different reactive power cost moaolel
pool and bilateral model to illustrate the superior
performance of the system.

26

II. VARIOUS MODELS IN ELECTRICITY
MARKET

In the deregulated electricity market structuree th
different transactions may takes place either direar
indirectly between sellers and buyers because the
market is under competition and hence it becomes an
open access. Based on the transactions, the eiigctri
market model is modeled based on their mode of
transaction. There are three major model of traisac

of power in electricity market structure [14,15].

1. Pool Co Model
2. Bilateral Model
3. Hybrid Model

Pool Co Model

The pool co model is defined as the centralizedketar
place which clears the market for sellers and iyer
.The power sellers and buyers submit their bidajezrt
power in to and out of the pool. In this model, yonl
single entity called system operators plays a magjte

to have the contract between the retailer and coags
The low cost generator would especially rewardhis t
model.

Bilateral Contract Model

This model is referred as the direct access model
because this model permits the direct contractsdeat

the power producers and the consumers withoutiagter
in to pooling arrangement. The establishment of-non
discriminatory access and the pricing rules for the
transmission and distribution systems the direletssaf
power takes place between the utilities are guaeaht

The bilateral contract model may also include some
other transaction such as:

Bilateral Transactions

A Dbilateral transactions means there is a direct
transaction between the power producers and the
customers.

Multilateral Transactions

Multilateral transactions are the extension of teilal

transactions and the trading arrangement is done by
energy brokers with two or more parties.
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Ancillary Service Transactions

Ancillary services are defined as all those agésgisuch

as regulation of frequency and tie-line power flows
voltage and reactive power control and ensurin¢gesys
reliability and maintain secure operation of theteyn.

To provide the essential ancillary services fortesys
regulation, the system operator (SO) may arrangeeso
direct transactions with some of the generation
companies (GENCOs).The ISO has the major role in
this transaction and simply dispatches all transast
and charges for the service.

Hybrid Model

It is a combination of both pool co model and lgitat
model .In this model, trading takes place betwden t
group of sellers and buyers and the consumers and
producers has the choice of selection in any model.

A. Mathematical Approach of Bilateral Contract
Model

The bilateral contract model used in this work is
basically a subset of the full transaction matrix T
proposed in [16].Its general concept is mostly coseal

as a multimode case, where the seller from the
Generation Companies (GEN@Oand buyer from
distribution companies (DISG are involved in the
process. The transaction matrix T is a collectibralb
possible transactions between Generation (G), Ddman
(D) and any other trading entities (E) such as eizris
and brokers and it is shown in equation (1).

GG GD
T=DG DD
EG ED

GE
DE
EE

(1)

It is assumed that entire transactions activities a
employed between GENGO(G) and DISCQ (D).
There is no contract made between the two suppdiers
two consumers. Hence it is noted that, the diagonal
block matrices (GG and DD) are considered as zero.
Hence neglecting transmission losses, the tramsacti
matrix can be simplified as:

T=[GD]=|DG" | )

27

Where GD and DG represents the bilateral transactio
between GENCOs and DISCOs.

From that, each element of transaction matrix T elgm

t; represents bilateral contracts between suppliggs (
of row i with a consumer () of column j. Then the
sum of row i represents the total power produced by
generator i and sum of column j represents thd tota
power consumed at load |.

thd

3)

thd

tpe..
T=t,,..
togae 1

ngnd

Where g and 3 represents generators and loads
respectively.

Based on the conventional load flow variables, the
generation pand load p vectors can be expanded in
two dimensional transaction matrix T as given in
equation (4).

Pd _ TT 0 ug

P, 0 T|u,
In the above matrix equations, thgand y are column
vectors of ones with the dimension of and n
respectively. There are some intrinsic propertidésciv
are associated with the matrix (T) and these ptigser
have been explained in [17]. Each contract hasahge
originates from zero to maximum allowable valye"¥.
This maximum value is bounded by the valye"® or

Pg ™ whichever is smaller. Hence the range rule
satisfies the following equation.

(4)

0<T, <T"™ < min (PI™,P,) (5)
There is a possibility for some contracts to benfiso
that T;° is equal to ™ According to flow rule, the
line flows of the network in ac model can be foratabtl
as follows:

P

line

= ACDF|R, -PR)| (6)

The AC distribution factors (ACDFs) is defined &® t
change in real power flowAg;) in a transmission line-k
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connected between bus-i and bus-j due to unit ahang
power injection fpy) at any bus-n.

Mathematically, the matrix ACDF, for line-ij can be
written as

ACDF,) = Ap;/ Ap, (7)

The matrix ACDF is the distribution factors matrix
which is computed using AC load flow technique
[18].The representations ofyand @, are substituted by
using the definition of T as given in equation &hd the

line flows obtained for bilateral transaction cap b
expressed in other way as:

1

R.. = ACDF[T-T7]

line

(8)

The matrix ACDF is based on Jacobin sensitivityrirat
and it includes any changes in the system operating
conditions.

GDI™ = min (P22, Pogon) )

1. Mathematical Formulation for Nodal Price
Determination with Reactive Power Cost Model of
Generators

In this paper, the optimization problem is solved b
minimizing total cost subject to equality and inelify
constraints for pool electricity market model
including real and reactive power nodal prices| éost,
cost components of reactive power with differenstco
model and Facts devices.

by

Objective function:
The objective function can be represented as:
Min TC =
n
> Cost(Pi)+ Cos{Q;) +& yprc * Cos(F ) (10)

i=1
The objective function consist of three cost congris
such as cost of real power, cost of reactive pcoavat
cost of FACTS devices.

28

Let

Cost P) = Cost function of real power for NG (No of
generators)

Cost Q) = Cost function of reactive power for set of
NG generators

Cost ;) = Cost function of FACTS devic€g PFC)

where:

COSt(PGi) = apPé, + prGi +Cp $/h (1))

CostQai) =apQGi +bpQsi+cp $/h

The operating constraints are considered from #fie r
[19].

In case of hybrid market model, additional constsato
be satisfied are:

Equality constraints for bilateral transactions ngsi
transaction matrixcD are expressed as follows:

Pos = GD, (12)
=

P:=>.G0Q (13)
5

P =FRetRe (14)

R =Rs*tRe (15)

P, =ACDF (P,,—P,.) (16)

P, = ACDF(P,;—P,) 17)

R =Fs*Fe (18)

GO = min(PI, Posy) (19)
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Limit on FACTS controllers:

UPFC:

—ur g <g <urg™ (20)
—u*lg“"‘xslqsu*I(;“ax (21)
0<V, Su*\m™ (23)

u is the vector of binary variable (‘O's and ‘1’ s)
representing the presence or absence of UPFC. It is
assumed that ‘1's represent presence and ‘0's gepte
absence of FACTS devices.

IV. Various approaches of Reactive Power Cost

Generally the cost of reactive power produced by a
generator is essentially composed of two components
namely: fixed cost also called as investment cost a
variable cost. The variable cost in turn consists o
opportunity cost which includes fuel cost and
maintenance cost. The opportunity cost is imposed o
the generator resulting from reduction of its aetiv
power [20].The three methods have been considered f
calculating the cost of reactive power of genegtor

A. Triangular Approach (Method 1)

To overcome the draw backs associated with
conventional cost methods, the researchers in 2005,
proposed a method for evaluation of reactive power
based on a triangular relationship between activet a
reactive power. In this method, the reactive poeast
calculation is essentially composed on the fornmtat

of active power cost, in which the active power is
replaced by reactive power using the triangular
relationship [21]. In this triangular approach, test of
reactive power is formulated as follows:

Cos{Q)=a'Q? +b"Q+c"($/hr) (24)

From the power triangle the constagits b", c" are

calculated depending on power factor (6o¥ and are
calculated as follows:

29

d':apsirQH
B'=b, sind
c'=c

p

B. Maximum Real Power

(Method 2)

Based Approach

In this approach, if the generator produces itsimam
active power (R.), then its cost for generating the
active power is (Rw). Hence in this situation, no
reactive power is produced and herefore, S equals P
The production of reactive power itself does nens¢o
impose any fuel cost on generator except the losses
Hence, reactive power production by a generator wil
result in reduce its capability to produce its \axti
power. To generate reactive power 6y considering
generator i which has been operating its nominalgoo
(Pmay), it is required to reduce its active power {sich
that

I:)i = VPrr?ax_Qiz' AP: I:)max_l:)i

Where AP represent the amount of active power that

will be reduced as the result of generating reactiv
power. The cost of reactive power; @& precisely
calculated by imposing the following cost composent

(25)

To accurately calculate the cost of reactive pa@iethe
following cost imposed on generator is given below:

Cost (Ray): Cost of producing active power R) in an
hour.

Cost (RaxcAP): Cost of generator when producing both
active and reactive power with the amountsaid Q,
respectively.

CostPmay-Cost Pmax — AP): It is represent as the
reduction in the cost of active power due to corapiy
reduction in active power generatidaP) which is
useful to generating reactive power with the antad

Q This represents the cost of reactive power
production while the operating point of generatsr i
moved from point 1 to point Z{gure 1) as below:

Cost(Q,) = MCost(PmaX )-Cost(P,,, - P) $/hr

max

(26)
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Fig. 2. Loading capability curve of generator.
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Fig.1. Capability curve of generator V. STRUCTURE AND OPERATION OF UPFC

Among the available FACTS devices, UPFC is the most
advanced FACTS controller that can be used to exhan
steady state stability, dynamic stability and tranis
stability. The UPFC is capable to act over thresicda
electric system parameters like line voltage, line
impedance, and phase angle. UPFC is combination of
. ; . shunt connected device (STATCOM) and a series
by the capability of its prime mover. Synchronous  .,nhected (SSSC) in the transmission line via s d
generators have the capability to produce the maxim v~ The UPFC is more flexible, fastest and best

MVA_output at a specified vpltage and power _factor featured FACTS device and can be used efficientty a
(ran%lng _fromTOh.85 or 0.9 Ia]:ggln_g) Contlnuqusllyh_/mut flexibly to optimize line utilization and increasgstem
or:/er eafting. The OUt%L.JIF 0 ache; povxk/]er I'ds blm#izyi reliability and to dampen system oscillations. THeFC
the prime mover capability to a value should bb possesses the property of both absorbing and sogply

ratlngt. Based ?In tth? ':Qree cotnlgld_(terandons STUCh 8S active and reactive power. The schematic diagram of
armature current limit, field current limit and eretjion UPFC is shown in Figure 3.

heating limit, the continuous reactive power caligtis
limited. From the figure (2), the reactive powertpu
may able to reduce active power output capacity of 7 Series V;
generator, which can also serve as spinning reserve I &Q[ |

C. Maximum Apparent Power Based Approach
(Method 3)

The reactive power generation capability of a
synchronous generator depends upon its power output
and usually limited to a value with in the MVA ragi

Therefore it makes implicit financial loss to geaters.

The reactive power production cost of generator is
called opportunity cost which depends upon the-real
time balance between load and supply in the masket, TranSfOfmm

Shunt

it difficult to determine the real value. —
EEE

Vdc

%

I

DC

The Reactive power cost can be expressed as follows

COSt((gGi ) = COSt(SG max ) - \/COSt(Sé max Qél )* k ($/ h)

@) [ L]
AC

Fig.3. Schematic Diagram of UPFC Controller

It consists of two voltage source converterVSC1 and
VSC2 operated from a common dc link provided bga d
storage capacitor which provides dc voltage for the

30
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converter operation. One of the two converters is
connected in series with the transmission lineughoa
series transformer and the other in parallel wiih line
through shunt transformer. Hence the real power can
able to freely flow in either direction between ac
terminals of two VSCs [22]. The rating of UPFC dan

set by the power transfer between the series amdt sh
converters and the rating should be at least g las

the real power exchanged between the two converters
The main function of UPFC is performed by the serie
converter, which produces the ac voltage of colatiote
magnitude and phase angle and also injects thageolt

31

at this fundamental frequency in series with the
transmission line through a booster transformere Th
series converter can be used to increase the tisgiom
capability and exchange the real and reactive power
through the series connected transformer.

The basic function of shunt converter is to supmty
absorb the reactive power demanded by the series
converter at the dc terminals and provide indepeinde
shunt reactive compensation for the line and dlsam

be used for local voltage control which improvese th
system voltage stability.
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COST MODEL OF UPFC
The cost function of UPFC can be considered as [23]

Cost (F) = 0.0003S-0.26912S +188.22 $ / KVAr
(28)

Here S is the operating range of the FACTS deviites
MVAR. The unit for generation is expressed in US$/h
and for the investment cost of FACTS devices are in
US$ must be unified in to US$/hour. Generally thets
devices will be in service for many years. However,

only a part of its life time is considered to remel the
power flow. In this work, five years have been take
to account to evaluate the cost function of UPFGade
Therefore, the average value of the investment icost
calculated by the following equation:

g/

29
876(*5 (29)

C,(f)=

Where Cf) represents the total investment cost of
FACTS devices.

/

Read input Dal

/

Formulate Bus Admittance (Y9 and Jacobian (J)

Run base case load flow and obtain voltage (V)@rase
angle d)
v
Obtain ACDF: |
v
‘r Initialize control parameters to MATLAB A
No ¢ ¢ No
Solve OPF using Solve OPF
Bilateral model using Pool model
1; Is Is T
Constraints are Constraints are
satisfied? satisfied?
yes
Obtain real power cost, cost of reactive power cost Obtain real Power cost, cost of reactive power gnd
of FACTS devices for bilateral mod cost of FACTS devices for Pool mo
No Whether No
all methods

over?

| Chanae all variable |

v

| Print the Resul |

v

Stop

37

Fig. 4 Flow chart
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VI.SIMULATION RESULTS AND DISCUSSION

The proposed methodology has been applied on arindi
246-bus NREG system. This test system is adopted
from reference [24], comprising 42 generating ynits
246 buses and 376 transmission lines. The systan li
data, bus data, reactor data and the single liagralin

of Indian 246-bus NREG system are considered from
the same reference.

The simulations results are carried out for poofl an
bilateral model with different cases and the resale
characterized as follows:

Case 1:Results without FACTS (UPFC) devices for all
methods

Case 2:Results with FACTS (UPFC) devices for all
methods

Bilateral transactions for Indian 246-bus NREG syst
have been expressed in per unit values and are give

calculate the marginal prices of pool and bilateral
market model.

Table 2 describes the marginal prices of pool and
bilateral model for all the three methods. Basedhmn
marginal cost comparisons of the methods, it isygao
that the marginal prices of real power at busedaned
lesser for bilateral model compared to pool motiak
evident that the changes in the pattern of powaw fl
due to the additional bilateral transactions thatet
place in the system causes the slight variationghén
hybrid market model.

Case 2: Results for Indian 246-bus NREG system
with FACTS devices

The sudden response of UPFC devices leads to high
ability of power system stability and flexibilityni

managing the power flows. Hence in this case the
performance of the proposed method has been imgirove
by installing the UPFC devices. An UPFC has been
introduced in the bus number 186 which has a low

Table 1.The transactions values are considered as Voltage profile. It is found that the method 1 skow

additional transactions over and above the already
committed pool transactions taken in a system.

Table I.Values of Bilateral transactions in per uni
for Indian 246-bus NREG system

values of transactions between generator and loadhl
per unit

GD(1,240)=1.
GD(1,120)=0.,
GD(24,190)=1.

GD(1,245)=1.
GD(1,130)=0..
GD(24,200)=1.

Case 1: Results for Indian 246-bus NREG System
without FACTS Devices

In the first case, the system has not considered th
FACTS devices of UPFC. An optimal power flow based
non-linear programming has been carried out to

33

lower real power cost and higher reactive poweltt cos
besides the cost function of UPFC is almost same in
method 1 and method 2.

It is understood from the Table 3, the marginalt ais
bus 1 is maximum in pool model and its value igtgly
higher than bilateral model .It is proved that tfmpact

of UPFC can be observed at some of the buses sind it
impact reduces the marginal prices of the threpgsed
methods and it is found similar at all the busesné¢¢ in
hybrid market model, the additional bilateral
transactions takes place in the system changebnthe
flows patterns which reduce the marginal pricesobrex
superior to pool model. In order to illustrate the
performance of the UPFC, the marginal cost of tieet
proposed methods have been compared with/without
FACTS devices and demonstrated in figure (4).
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Table Il. Results of Locational Marginal prices atfew buses of Pool and Bilateral Model for NREG — &Blbus

system without FACTS

BUS No. Method-1 Method-2 Method-3
Pool Bilateral Pool Bilateral Pool Bilateral

1 144.8021 112.8402 144.8021 112.8402 144.8021 102.84

2 72.371 62.3676 72.371 62.3676 72.371 62.3676

3 88.8005 74.7624 88.8005 74.7624 88.8005 74.7624
4 88.5822 74.6602 88.5822 74.6602 88.5822 74.6602
S 86.7273 72.9655 86.7273 72.9655 86.7273 72.9655
6 86.7273 72.9655 86.7273 72.9655 86.7273 72.9655
7 87.2786 78.9831 87.2786 78.9831 87.2786 78.9831
8 85.8943 72.1554 85.8943 72.1554 85.8943 72.1554
9 86.7826 73.0206 86.7826 73.0206 86.7826 73.0206
1C 86.2181 72.4188 86.2181 72.4188 86.2181 72.4188
11 87.6176 73.7195 87.6176 73.7195 87.6176 73.7195
12 88.1304 74.1767 88.1304 74.1767 88.1304 74.1767
13 86.2184 73.0531 86.2184 73.0531 86.2184 73.0531
14 87.3827 73.4698 87.3827 73.4698 87.3827 73.4698
15 87.4693 73.5305 87.4693 73.5305 87.4693 73.5305
16 88.2086 74.0009 88.2086 74.0009 88.2086 74.0009
17 87.6657 73.4426 87.6657 73.4426 87.6657 73.4426
18 90.1125 75.1364 90.1125 75.1364 90.1125 75.1364
18 82.8538 70.9566 82.8538 70.9566 82.8538 70.9566
20 82.5389 71.3324 82.5389 71.3324 82.5389 71.3324
21 83.2873 68.7928 83.2873 68.7928 83.2873 68.7928
22 80.5355 69.0434 80.5355 69.0434 80.5355 69.0434
23 80.8604 97.737 80.8604 97.737 80.8604 97.737

24 123.037 73.8127 123.037 73.8127 123.037 73.8127
24 87.6669 72.8854 87.6669 72.8854 87.6669 72.8854
25 84.2682 70.2245 84.2682 70.2245 84.2682 70.2245
26 84.4682 72.3892 84.4682 72.3892 84.4682 72.3892
27 90.1123 73.5504 90.1123 73.5504 90.1123 73.5504
28 82.4532 75.0077 82.4532 75.0077 82.4532 75.0077
28 83.7865 74.1671 83.7865 74.1671 83.7865 74.1671
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3C 82.2867 72.8865 82.2867 72.8865 82.2867 72.8865
31 82.5432 72.1123 82.5432 72.1123 82.5432 72.1123
32 118.976 70.1057 118.976 70.1057 118.976 70.1057
33 91.1008 71.1642 91.1008 71.1642 91.1008 71.1642
34 86.9174 72.1465 86.9174 72.1465 86.9174 72.1465
35 120.348 73.8126 120.348 73.8126 120.348 73.8126
36 84.7653 72.1767 84.7653 72.1767 84.7653 72.1767
37 88.9002 73.0531 88.9002 73.0531 88.9002 73.0531
38 90.0045 73.7371 90.0045 73.7371 90.0045 73.7371
39 83.6754 70.2368 83.6754 70.2368 83.6754 70.2368
4C 82.4862 71.4465 82.4862 71.4465 71.4465 71.4465
590000 -
580000 -
570000 -
560000 -
—~ 550000 A
ey
&
B
8 540000 - ® Without Facts
g = With Facts
F 530000 -
520000 -
510000 -
500000 -
490000 -

Method - 1

Method - 2

Method - 2

Fig. 5 Comparisons of total Cost for all Methods ofvith / Without FACTS
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Table Ill. Results of Locational Marginal prices & few buses of Pool and Bilateral Model for NREG 246 bus
system with FACTS

BUS No. Method-1 Method-2 Method-3
Pool Bilateral Pool Bilateral Pool Bilateral

1 140.6443 110.6103 140.6443 110.6103 140.6443 168.54

2 2.1234 61.2034 2.1234 61.2034 2.1234 61.1024
3 8.2345 73.6852 8.2345 73.6852 8.2345 73.4356
4 8.2213 73.1267 8.2213 73.1267 8.2213 73.0976
S 5.8896 72.2255 5.8896 72.2255 5.8896 72.1123
6 5.8896 72.2255 5.8896 72.2255 5.8896 72.1123
7 7.6545 73.0005 7.6545 73.0005 7.6545 73.0002
8 4.9889 71.3323 4.9889 71.3323 4.9889 71.1646
9 84.3678 71.0897 84.3678 71.0897 84.3678 71.0643
1C 86.1008 72.3467 86.1008 72.3467 86.1008 72.2361
11 86.1008 71.8968 86.1008 71.8968 86.1008 71.6879
12 87.2112 71.2352 87.2112 71.2352 87.2112 71.1765
13 87.1042 73.1143 87.1042 73.1143 87.1042 73.1043
14 84.7939 74.0123 84.7939 74.0123 84.7939 74.0067
15 87.9988 72.2214 87.9988 72.2214 87.9988 72.1128
16 88.0876 72.3675 88.0876 72.3675 88.0876 72.2654
17 85.3342 73.1268 85.3342 73.1268 85.3342 73.0234
18 82.6075 73.1054 82.6075 73.1054 82.6075 73.0078
18 82.4167 74.1896 82.4167 74.1896 82.4167 74.0896
20 82.5543 69.9015 82.5543 69.9015 82.5543 69.6065
21 79.4437 70.1045 79.4437 70.1045 79.4437 70.1005
22 79.2004 70.2435 79.2004 70.2435 79.2004 70.1123
23 21.6785 67.8202 21.6785 67.8202 21.6785 67.4327
24 87.9078 68.1289 87.9078 68.1289 87.9078 68.1133
24 82.1776 97.1643 82.1776 97.1643 82.1776 97.0088
25 82.1776 72.6607 82.1776 72.6607 82.1776 72.66

26 83.0097 71.2668 83.0097 71.2668 83.0097 71.2662
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27 112.6787 72.4554 112.6787 72.4554 112.6787 72.3356
28 122.134 73.3389 122.134 73.3389 122.134 73.0643
28 78.2345 73.1682 78.2345 73.1682 78.2345 73.0078
3C 77.9908 96.5543 77.9908 96.5543 77.9908 96.2343
31 82.4455 93.8926 82.4455 93.8926 82.4455 93.7761
32 83.6677 75.4166 83.6677 75.4166 83.6677 75.4018
33 84.1122 75.4488 84.1122 75.4488 84.1122 74.2214
34 122.889 74.3325 122.889 74.3325 122.889 71.0001
35 87.987 71.0008 87.987 71.0008 87.987 70.363¢

36 82.776 70.6576 82.776 70.6576 82.776 68.4292
37 88.445 68.4698 88.445 68.4698 88.445 67.2424
38 86.244 67.4545 86.244 67.4545 86.244 72.3356

3¢ 84.2816 72.4305 84.2816 72.4305 84.2816 72.4305
4C 83.1432 71.6789 83.1432 71.6789 83.1432 71.6789

VII. CONCLUSION

In this work, an attempt has been made for
determination of marginal price for real and reati
power with the reactive power’'s cost model function
The inclusion of FACTS devices and its cost model
have been incorporated to find their impact on el
reactive power nodal price at each bus is presefites
comparison results of marginal prices of real and
reactive power have been obtained for pool moddl an
bilateral model. From the results it is observeat,ttotal
cost and cost component of reactive power is found
minimum in third method and fuel cost obtained is
minimum in third method .By the incorporation ofth
cost model of FACTS devices plays an crucial role f
variation of marginal prices for pool model anchbéral
model and the obtained marginal prices result$caned
lower at all buses compared to pool model due & th
change in flow pattern with additional bilateral
transactions.. Based on the results, it is condutiat
reactive power cost component have considerabbeteff
on nodal price determination of real and reactioe/gr
at each bus.
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NOMENCLATURE
Ng Set of generatorss
Nb Number of buses in the system
Nd Number of load buses
Pygi Active power pool generatar-
Ci Fuel cost of pool generator-
agi, bgi, cgi Cost coefficients in $/h, $/MWh, $/MV@h
Pi Real power injection at bus-
Qi Reactive power injection at bus-
Pgi, Qgi Real and reactive power generation at bus-
la Armature current of generator
Pdi, Qdi Real and reactive power demand at bus-
Vi Voltage magnitude at bus-
O Voltage angle at buis-

pyMN p,Mmax Minimum and maximum real power generation limit

Q™" Qyi™ Minimum and maximum reactive power generation limit
X State vector of variableg 9;

u Control parameterBgi,Qgi, Pgh, Pgp:

p Fixed parameterBdi, Pdb, Pdp, Qd, Tij;

Luprc™ An integer variable showing absence or presenE&AQITS devices with integer values {0,1};
GD Bilateral Transaction Matrix

T Transaction Matrix

ACDF Distribution Factors

Pos Vector of Bilateral Demand

Pop Vector of Pool Demand

Pss Vector of Bilateral Generation

Pcp Vector of Pool Generation
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