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Abstract

Reliability of network is need of the hour in the present power system market and is constrained by capability of the network. The net-
work calculations are performed using accurate and high efficient strategies. In order to perform power transactions in the system, the
computation of available transfer capability is essential which a metric of capability of the system. Generally, effect wattless power is not
taken into account in the methodologies for computation of linear available transfer capability. In this paper, a methodology which con-
siders the reactive power flows for enhancement of linear ATC is presented. In order to perform analysis theoretically, a standard IEEE 3
bus system is considered. Another case study i.e., 14 bus system available in IEEE test systems is used for simulation analysis. FACTS
technology is incorporated in the existing system in order to enhance capability of the network. To facilitate transfer maximum power in
the system, an optimal power-flow-based ATC enhancement model is formulated and presented along with simulation results. Studies
based on the IEEE 3-bus system and 14-bus systems with TCSC demonstrate the effectiveness of FACTS control on ATC enhancement.
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1. Introduction

Electricity trade is increased by manifold in the era of globaliza-
tion. The lack of competition of the traditional power system
markets is the basis for the restructuring process of the market.
This calls for the accurate and reliable information about the gen-
eration limits and capabilities, the inherent power transmission
range and capacity of the system. In electricity market, the utilities
tend to facilitate transaction services to the bulk customers and
Available Transfer Capacity (ATC) data should be available for
this purpose. The transmission services are handled by monitoring
the data . This is benefit and boon for advertisers, merchants and
purchasers. Different specialists and researchers have done exten-
sive study on ATC and other aspects. The ATC calculations on the
sample IEEE 24 bus system is demonstrated in literature [1-5].
This proposed method is based on the assumptions in the DC
power flow model and hence it results in poor accuracy and co-
herence. AC power transfer distribution factors(ACPTDF) based
ATC calculation model is proposed by the scholars in this field.
The determination of power flow solution of the system which the
optimal solution is the pre ATC calculation procedure. The com-
bined economic dispatch with the proper constraints is solved
mathematically with the help of co ordination equations which are
used to develop a technique for determination of ATC[6-12].

The restructuring of the electricity market is done by extensive
power trading which increases the competition of the electricity
market. The increase of the power transfer capability is the main
goal in the opening of the power system environment under de-
regulated mode. The security and minimization of cost of opera-

tion is the main goal of the electricity market environment despite
numerous constraints and issues.

The alternatives of the power system operation are restricted by
the creation of new facilities to minimize the financial, social and
environmental based problems. The better quality of service to the
customer at the convenient price which the customer does not feel
burden is the main motto[3-8].

The general limits that exist for the transmission power transfer
capability are stability, thermal and voltage limits. The FACTS
technology changed the facet of power transmission system and
widened the power transferability constraints.The case study based
approach is choosen in this paper to study the effect of incorpora-
tion of FACTS devices in the system and demonstrate its effect on
the ATC calculations. It is proposed that the placement of TCSC
in the system will recover the ATC of the system. The power
transfer capability will be enhanced by installing TCSC in the
transmission system[6-10].

2. Available Transfer Capability

The availability of quality of electric power is the major issue in
the first world nations to a minimum extent and to a maximum
extent in the second world nations like India, Sri Lanka. The
shortage of electric generation leads to shedding of the customers
load in order to balance the supply demand considerations. The
drastic mismatch between the customers demand and system sup-
ply leads to the consequences which are highly undesirable and
undermines the trust of the utilities in view of the customers. The
continuous monitoring of the power supply and demand is under-
taken by the system operator to determine the instant power flow
at any point of time provided the information regarding the current
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state and status of the system parameters are known. Available
transfer capacity is an important concept in the power system op-
erating deregulated mode about which the seller as well as buyer

must be completely aware and agreeable on a mutual consent basis.

The system operator with a view to supply power reliably needs to
know about the capacity of power available for transfer at any
moment of time and under all system states. In a deregulated sys-
tem operation, both the operator and the customers must be
knowledgeable about this important system variable known as
ATC.The secure operation of the system must be ensured while
the transmission network is employed for the purpose of evalua-
tion of available transfer capacit. The competition among the vari-
ous utilities for market occupancy along with maximization of the
dependability of the system is the driving factor for the growing
prominence of ATC calculations. Improving ATC impacts the
system in the following manner,

i Reliable delivery of the supply to the customers.

ii. Flexible operation of the system along with variation in
the conditions of the system

iii. Significant reduction in the installed capacity of genera-
tion , increasing the power limits

iv. Provides transaction rights with sellers and buyers.

Mathematically, ATC is defined as the Total Transfer Capabil-
ity (TTC) excluding the Transmission Reliability Margin (TRM),
excluding the sum of existing transmission commitments (which
includes retail customer service) and the Capacity Benefit Margin
(CBM). ATC can be expressed as [1] follows:

ATC=TTC-TRM - Existing Transmission Commitments (includ-
ing CBM).

2.1. Linear ATC

The base case solution in the case of linear ATC is DC power flow
solution. The basic assumption regarding this method the system
under study is taken as without losses. The resultant active power
insertion are varying linearly with flow of branch active power. In
this section, without exceeding the line constraints the power
transfer capability is altered. The type of transfer considered in
this case is the power flow from slack bus s to arbitrary bus i at
any instant of time. In this paper, the ATC calculations are per-
formed without considering the reactive power component while
computation of system power flow.

Power Shift Distribution Factor (PSDF):

PSDF distributes the power flow to every branch in proportion to
the fraction of the MW power flow transmitted during each trans-
action. In this way PSDF is utilized during the norms of computa-
tion of ATC. While power is transferred from s to i, the power
fluctuation in the line j-k is predicted and they are represented by
huge difference sensitivities for instance in this paper. The linear
connection among the transaction and flow of active power be-
tween buses in the transmission network is given a coefficient
called as PSDF. In the transmission network, PSDF is the part of
transaction between the buses.

The PSDF can be formulated as:

CEM ary,
PJhl = T.h = - E_.F', (1)

pjx; = PSDF
&F;z, = Power flow variation in line j-k
@F, = Power injected from bus 's

&F; = Power injected to bus '’

2.2. Computation of LATC

The Linear ATC (LATC) can be obtained by
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The complex power between J — K buses can be given by
Sik = Fix + 1@ Q)

Where, the real and reactive power terms in the eq. (4) can be
separated as:
B = VG

= —ViVp¥pcos(6; — 85 + ay) (5)
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By applying the square on both sides and adding to the eq. (6)
becomes
(B — V76
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By substituting the egs. (8) & (9) in eq. (7), it is obtained as:

=53, (10)
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The above equation represents the complex flow at bus j and the
complex flow at bus k is formulated as:

(Pij — Pyo) + (04 — Qo) =Siio (11)
2.3. Inclusion of Reactive Power Flows (ELATC)

The procedure for finding P and Q is as:

P + Q7 = (SE™) (12)

By expanding the eq. (10) and subtracting eq. (12) from that, it is
obtained as:

L . .
Qi = 75— (~2BBie + (SE™) " — %) (13)
Where, M= = Sﬁm %1._, QJ:RE-

By substituting eq. (13) in eq. (12), the quadratic equation in terms
of P is obtained as:

(Jh;—@m) Piio— Puo (( STy — M%) By +

j(l:‘gﬂ r.'_r:I —M: “:I _QJM_,.I:‘SH cr:l -0
(14)

Now, the maximum complex power flow solution is attained as

" — btV —dac
Pix = za (15)
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Where,

a=(Pfe— Q:ﬁ]

JRE



190 International Journal of Engineering & Technology
((5?‘ cr] ‘] b) Eliminating line over loads
Fe C) Optimal load sharing between two parallel circuits
1 d) Power flow along contractual path
—_ max max
= 4 ((S_Ih :I ‘] _lha_, '5 :I

The enhanced linear ATC can be calculated by taking the mini-
mum value of AB/** as:

ELATC,.; = ;'mr‘-:f_'LP-'" tall L't'r:Ef.'_,l'r'u'} (17)

3. Effect of FACTS Controllers on ATC Cal-
culations

FACTS controllers has the capacity to control the reliable parame-
ters that oversee the activity of transmission framework including
impedance connected in series, admittance connected in shunt,
current, voltage, phase angle and damping. To determine the
framework issues in the late 1980s, the Electric Power Research
Institute (EPRI) recommended that other than adaptable power-
stream control over assigned transmission structures, another real
goal of FACTS applications is to build the power-exchange ability
of transmission frameworks [4]. By the control of line reactance
and phase angle of the voltage, FACTS innovation empowers the
stamina of power delivery of the transmission lines. In this way,
hypothetically it can offer a successful and promising contrasting
option to regular strategies for ATC upgrade. The FACTS control-
lers are demonstrated by the parameters, for example, compensa-
tion method in series for TCSC and Susceptance for SVC [12].

An ideal power-flow - based ATC is planned to accomplish the
power exchange of the predefined interface with FACTS control.
Based on the technique proposed for enhancing ATC by the con-
trol of UPFC in [12], this paper centers around quantitative as-
sessment of the effect of FACTS gadgets on ATC. At last, with
the IEEE 3-transport framework and 14-transport framework as a
testing framework, simulation studies are performed on a class of
FACTS gadgets. The outcomes show the efficiency of FACTS
control on ATC improvement.

TCSC involve controlled reactors in parallel with divisions of a
capacitor bank. This combination allows plane control of the fun-
damental frequency capacitive reactance over a wide array. The
capacitor bank of each phase is attached on a platform to assist full
insulation to ground. The thyristor regulator contains a string of
series connected high control thyristors. The inductor is of air-core
design. A metal oxide varistor (MOV) is connected across the
capacitor to avoid overvoltage. The figure shows the thyristor
control series compensation.

Fig 1: Thyristor Controlled Series Compensation

TCSC involves in important major applications in series which
are

a) Damping of active power oscillations

b) Power flow control

c) Stability improvement

d) Elimination of resonance

TCSC which carries the capacitor in series with typical values
TCSC uses for optimization of power flow from one region to
another region for power supply it and power control flows

a) Minimizing the total system loss

This system represents the 3- bus and 14-bus data by using power
world simulator

4. Results of Simulation

4.1. IEEE 3-Bus System

The simulation results for test 3 bus framework from MATLAB
program are exhibited in this area. The examination of the out-
comes is likewise as predicted about in this area. The estimations
of line constraint, PTDF and LATC without wattless power when
bus 2 is utilized as dealer and bus 3 is utilized as purchaser are
exhibited in the Table 1. In this, line 3 is the constraining line and
the LATC is 170.02MW. The estimations of line farthest point,
PSDF and ELATC with reactive power when bus 2 is utilized as
merchant and bus 3 is utilized as purchaser are displayed in the
Table 2. In this additionally, line 3 is the restricting line and the
ELATC is 162.95 MW

Table 1 LATC result for sample 3 bus system

Branch Branch Line PTDF LATC(MW)
number Flow(MW) Limit(MW)

1 0.00 -100.00 -0.18 566.43

2 0.00 130.00 0.18 736.36

3 0.00 140.00 0.82 170.02

Table2 ELATC result for sample 3 bus system

Branch Branch Line PTDF LATC(MW)
number Flow(MW) Limit(MW)

1 0.00 -100.00 -0.18 566.43

2 0.00 130.00 0.18 736.36

3 0.00 134.18 0.82 162.95

Hence, it is concluded that, the ATC value with reactive power
flows is very near to the actual ATC with less error. This reduc-
tion in error represents the benefit from ELATC.

The ATC calculations are also performed for IEEE 3 bus system
with and without incorporation of FACTS controller , TCSC.

Table 3 result for 3 Bus system Without facts device:

Sl Transmission | Limiting % Pre- Limit
NO | Limit (MW) | element OTDF | transmission used
estimation

1 0.00 Area2(2) | 0.00 0.00 0.00

2 170.87 Line 2(2) | 81.94 -0.00 140
t0 3(3)

3 553.57 Line 1(1) | -18.06 | -0.00 -100
to 2(2)

4 719.64 Line 1(1) | 18.06 0.00 130.00
to 3(3)

5 800 Area3(3) | 0.00 0.00 0.00

Table 4 result for3 bus system with FACTS:
Sl Transmission | Limiting % Pre- Limit
NO | Limit (MW) | element OTDF | transmission used
estimation

1 0.00 Area2(2) | 0.00 0.00 0.00

2 169.76 Line 2(2) | 82.47 -0.00 140
to 3(3)

3 570.37 Line 1(1) | -17.53 | -0.00 -100
t0 2(2)

4 741.48 Line 1(1) | 17.53 0.00 130.00
t0 3(3)

5 800 Area3(3) | 0.00 0.00 0.00

4.2. IEEE 14-bus System

In this section, the results obtained for LATC and ELATC from
simulation environment using IEEE 14 bus system are presented.
The values of line limit, PTDF and LATC without reactive power
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when bus 6 is used as seller bus and bus 8 is used as buyer bus are
presented in the Table 5. In this, line 8 is the limiting line and the
LATC is 363.92MW.

Table 8 Result for IEEE 14 bus system ELATC Calculation With FACTS:

Sl Transmission | Limiting % Pre- Limit
NO | Limit (MW) | element OTDF | transmission used
estimation

1 353.25 Line 4(4) 42.82 23.74 175
to 7(7)

2 445.48 Line 5(5) -47.14 35.30 -175
to 6(6)

3 532.43 Line 6(6) 31.82 5.59 175
to 11(11)

4 400.00 Line 7(7) 100.00 | 0.00 400
to 8(8)

5 741.07 Line 7(7) -57.18 | 23.74 -400
t0 9(9)

Table -9 Comparison of error obtained with and without FACTS devices

3-Bus System 14 -Bus System
" With reac- With with reac- With
QUEY tive power FACTS tive power FACTS
flow Devices flow Devices
LATC 170.02 170.87 363.92 354.64
ELATC 162.95 169.76 359.74 353.25
Error 4.33% 0.6538% 1.162% 0.393%

Table 5 LATC result for IEEE 14 bus
Branch Branch Line PTDF LATC
Number Flow(MW) Limit(MW) MW
1 -69.80 175 0.07 325400.68
2 15.30 -175 -0.01 3343326
3 67.78 175 0.03 3261.32
4 51.37 175 0.07 1754.64
5 42.05 -175 -0.03 6955.42
6 -26.42 175 0.03 6126.78
7 -35.07 -400 -0.41 882.48
8 7.74 175 0.46 363.92
9 4.48 175 0.06 2978.24
10 15.69 -175 -0.45 423.20
11 3.97 175 0.32 541.25
12 2.20 175 0.05 3326.76
13 -1.67 175 0.18 973.52
14 -0.00 400 1.00 400
15 7.74 -400 -0.54 754.55
16 8.53 -400 -0.32 1292.84
17 -25.81 -400 -0.17 2239.06
18 -0.47 -500 -0.32 1580.82

The values of line limit, PTDF and LATC without reactive power
when bus 6 is used as seller bus and bus 8 is used as buyer bus are
presented in the Table 6. In this, line 8 is the limiting line and the
LATC is 359.74MW.

Table 6 ELATC result for IEEE 14 bus system

Branch Branch Line PTDF ELATC
number Flow(MW) Limit(MW) MW

1 -69.80 175.00 0.07 325400.68
2 15.30 -175.00 -0.01 3343326
3 67.78 175.00 0.03 3261.32
4 51.37 175.00 0.07 1754.64
5 42.05 -175.00 -0.03 6955.42
6 -26.42 175.00 0.03 6126.78
7 -35.07 -400.00 -0.41 882.48

8 7.74 173.08 0.46 359.74
9 4.48 175.00 0.06 2978.24
10 15.69 -175.00 -0.45 423.20
11 3.97 175.00 0.32 541.25
12 2.20 175.00 0.05 3326.76
13 -1.67 175.00 0.18 973.52
14 -0.00 400.00 1.00 400

15 7.74 -400.00 -0.54 754.55
16 8.53 -400.00 -0.32 1292.84
17 -25.81 -400.00 -0.17 2239.06
18 -0.47 -500.00 -0.32 1580.82

The ATC calculations are also performed for IEEE 14 bus system
with and without incorporation of FACTS controller , TCSC.
Table 9 presents the comparison of error obtained with and with-
out FACTS devices.

Table 7 result for IEEE 14 bus system without facts;

Sl Transmission | Limiting % Pre- Limit
NO | Limit (MW) element OTDF | transmission used
estimation

1 354.64 Line 4(4) 42.68 23.66 175
to 7(7)

2 446.24 Line 5(5) -47.14 | 35.34 -175
to 6(6)

3 531.63 Line 6(6) 31.86 5.01 175
to 11(11)

4 400.00 Line 7(7) 100.00 | 0.00 400
to 8(8)

5 739.04 Line 7(7) -57.32 | 23.66 -400
t0 9(9)

5. Conclusion

In this paper, the computation of linear ATC without and with
reactive power flows is conceptualized by utilizing two distinctive
contextual investigations of sample 3 bus system framework and
IEEE 14 bus framework. The estimation of ELATC is exception-
ally close to the genuine ATC with less error contrasted with
LATC. The minimization of deviation with ELATC shows the
advantage of ELATC to the framework administrator. In view of
working constraints of the transmission framework and control
abilities of FACTS innovation, specialized practicality of applying
FACTS gadgets to support ATCs are presented and recognized.
From the perspective of power system operation, the paper as-
sessed the effect of FACTS controllers on ATC enhancement. An
OPF-based ATC is advocated to accomplish the possible ATC
with FACTS control. The outcomes show that the utilization of
FACTS gadgets, especially the TCSC, which empowers the adjust
of power delivery and control bus voltage all the while, can up-
grade the ATC considerably. The impressive contrast between the
ATC with and without FACTS control bolsters the EPRI's propo-
sition of FACTS applications for ATC improvement quantitatively.
In outline, FACTS innovation can offer a promising solution for
active power-exchange ability, in this way enhancing transmission
administrations of the present market-based power frameworks.
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