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ABSTRACT: This paper presents the features and implementation of a Genetic Algorithms for Available Load
(Transmission) Transfer Capability (ATC) calculations. The ATC problem has been adopted based on AC power flow
solution to incorporate the effects of reactive power flows, voltage limits and line flow (thermal loading) effects. The
Genetic Algorithm based approach enhances the speed in processing a number of contingencies to determine ATC for
each specified transfer. The Three Algorithms are suggested & Tested on IEEE-30 Bus system and performance results
are presented in this paper.
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I.INTRODUCTION

Optimization is performed to minimize generator —operating cost with set of constraints that represent a model of the
transmission system within which the generators operate. Available transfer capability (ATC) based congestion
management commission (FERC) established a system where each 1SO would be responsible for monitoring its own
regional transmission system and calculating the Available transfer capability (ATC) for potentially congested
transmission paths entering , leaving and inside its network. ATC is a measure of how much additional electric power
can be transferred from starting point to end point of a depth. [1] In this paper, optimal power flow based on available
transfer capability (ATC) has been proposed for contingent power systems. In general, the total production cost is
commonly used as the main objective for optimal power flow problems. However, in some circumstances, where the
economical point of views is less important such as under an emergency state of partial blackout, the transmission
security objective e.g. ATC is very useful. Maximizing the ATC implies to reduce probability of wide area blackout as
a consequence. This paper performs contingency analysis of the power system. After an occurrence of some specific
component failure, an ATC based optimal power flow problem has been formulated and solved by differential
evolution (DE) method. [2]In this study the change of Available Transfer Capability for Power System including large-
scale wind farms. At present, the induction wind turbines have become the dominating type. The working principle of
induction wind turbine, and used PQ model to analyse wind power. According to the relation between load distribution
and power flow feasible boundary, a optimization model of power system based on Interior-Point Method is established
to calculate Available Transfer Capability of the system. Comparing the trends of ATC and the wind power into the
system . [3] This paper presents an optimal power flow (OPF) model which maximizes system security. Loading factor
has been chosen as objective function of OPF problem to enhance system security. It is demonstrated that available
transfer capability (ATC) is a suitable criterion for evaluation of system security. On the other hand, loading factor (LF)
is an alternative concept that can evaluate system ATC.[4] A problem based on transient thermal circuit equation and
modified thermal limits was involved in mathematic model of optimal power flow(OPF) about available transfer
capability (ATC). The weakest lines were found applying modal analysis, the transmitting capacity was conditioned by
the temperature variation of the lines by using constraints of temperature substitute for the thermal limits of the weakest
lines. The solution of the optimal power flow problem by a nonlinear primal-dual interior point method is considered.
[5] This paper deals with the development of an interior point nonlinear programming methodology for evaluating
dynamic ATC. By establishing a novel method for integrating transient stability constraints into conventional steady-
state ATC problem, the dynamic ATC solution methodology using a transient stability constrained OPF (TSCOPF). [6]
In this paper, attention is particularly focused on the static synchronous series compensator and a method is proposed to
determine the device best location that maximizes the power system available transfer capability measured as the
maximum system load increase before any operating limit is reached. [7] In this a new decoupled approach to solve
optimal power flow (OPF) and available transfer capability (ATC) problems.KKT system of original optimization
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problem is reformulated equivalently to no smooth equations using a so-called nonlinear complementarily problem
(NCP) function. The combination of semi smooth Newton method and decoupled strategy shares those advantages of
two methods such as fast convergence and saving computation cost. [8] In this paper an improved method for the
calculation of available transfers capability (ATC) in a restructured power system. The ATC calculation is performed
through an optimal power flow approach. The objective function is to maximize the sum of the receiving-end load in a
specified area as well as to send generation to other control areas while a minimum cost of generation is continuously
achieved. The constraints are AC power flow equations and system operation limits. It is assumed that the generation
cost curve of each generator is available. A genetic algorithm is used for the optimization process.[9-11] discussed the
study of genetic algorithm for optimal power flow solution and the parametric studies for selection of control and
states variables. [12]-[13] The paper presents the calculation of Total transfer Capacity (TTC) through an optimal
power flow approach. The objective function is to maximize the sum of the sending end-end generation and receiving-
end load of specified buses. The constraints are ac power flow equations and system operation limits. The sequential
quadratic programming (SQP) method is used for the optimization process.

After introduction, this paper is organized as follows — Section Il gives information about Load Transfer Capability
Using Genetic Algorithm. In section 111 problem formulation (Mathematical model) is explained, in Section IV result of
case study is discussed and Section V summarizes the conclusion

I1. LOAD TRANSFER CAPABILITY USING GENETIC ALGORITHM

The ATC problem is the determination of the largest additional amount of power above some base case value that can
be transferred in a prescribed manner between two sets of buses: the source, in which power injections are increased,
and the sink, in which power injections are decreased by an offsetting amount. Increasing the transfer power increases
the loading in the network, and at some point causes an operational or physical limit to be reached that prevents further
increase. The effects of contingencies are taken into account in the determination. The largest value of transfer power
that causes no limit violations, with or without a contingency, is used to compute the ATC.The ATC problem is
formulated in terms of a single unknown, the scalar parameter A, whose value is to be maximized for each ATC case.
For each transfer case, ATC is determined so as to be secure with respect to a list of contingencies. Each contingency
case is processed by GA based proposed algorithms to find the maximum transfer power without causing a limit
violation .The load flow solution using optimal power flow algorithm is gaining the importance in open market for
operating the electrical network in optimal way. The optimal power flow is a power flow problem in which certain
controllable variables are adjusted to minimize the objective function while satisfying the constraints on the physical
state variables and operating limits. Many attempts were made through various algorithmic steps to obtain the global
solution quickly using conventional and evolutionary methods. Evolutionary methods like Genetic Algorithm with its
own advantages finds its own utility in optimal power flow solutions. Genetic Algorithm is simple to implement but
has global convergence difficulties with slow convergence rate for optimal power flow problems. This paper presents
three algorithm with an effect of selection of control variables on the convergence of OPF. Different sets of control
variables are used to detect their usefulness in the OPF solutions. Statistical parameter based study is also provided to
visualize the effect of selection of control variables on OPF convergence with solution time and improved value.
Extensive study is provided on IEEE 30 bus system to draw certain important conclusions.

I1l. PROBLEM FORMULATION: MATHEMATICAL MODELING

This paper focuses on the calculation of available load transfer capability (A) of the power system. This paper
indentifies the load transfer capability as a objective function and solves the multi constraints non-linear problem with
the help of genetic algorithms. three objective function viz. Power system load transfer capability , power loss in
transmission line and voltage deviation.

3.1 Load Transfer Capability of the System

Available Load Transfer Capability A is the value of maximum load transfer at the critical point or within the operating
system security limits or before it undergoes voltage collapse . The P —V curve is shown in fig.1
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The loads on power system increases gradually from initial point to the voltage collapse point i.e. up to MLP. At every
load level system state is calculated until the maximum or critical condition is reached. In order to assess and enhance
voltage security conditions, X is then evaluated using Dynamic Programming. The P- V curve is shown in figure 3.

f=max (2) Q)
Where ) is the maximum load transfer capability factor.
3.2 Transmission Line Loss

The aim is to minimize total active power loss
=y V2 V2 _2VV.cos(d: — 6 )]Y:: COSo:
PL =2 [Vi +VJ 2VIVJcos(5I 6J )]YIJ COS§0U 2
in transmission line.
Where VI and §; are the magnitude and angle of voltage at bus i, respectively and Yij and ¢ij are the magnitude and

angle of the admittance of the line between bus i to bus j.
3.3 Voltage Deviation

To have an improved voltage regulation (profile), the voltage deviation at each load bus must be made as small as
possible. The voltage deviation to be minimized is as follows:

VD = E(VK Vet ) @3)

Where V, is the voltage magnitude at load bus k and V¢ is the nominal or reference voltage at bus k.
All the three objective functions are subject to the following constraints —
Active power balance in the network

P, (V,ES)—Pgi +P; =0 (i=1,2,...,NB) 4
1.  Reactive power balance in the network
Qi(V,S)—Qgi+Qdi =0 (i=NV+I],NV +2,... ,NB

2. Security related constraints called as soft constraints
a. Limits on real power generation.

min max -
b. Limits on voltage magnitude
VAR AV Q VAL, (NV +1, NV+2,..., NB) (6)

c. Limits voltage angles
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S <5, < {5 (i=2,3,...,NB)
3. Functional constrain which is a function of control variable
a.  Limits on reactive power

Qm'“ <Qy < g“iax (i=1,2,...,NG)
Line flow limits
meln < Pf < Pmax

The active power and reactive power flow on lines can be applied as follows,
The real power flow equation is

NB
P.(V,8) =V, > V,(G; cos(d; —8,;) + By sin(5; —3,))
i=1
The reactive power flow equation is

QUV.8) =V, 2.V, (G, sin(é, ~6,)~ B, cos(6, ~5,)

Where,

NG is number of generator buses

NB is number of buses

Noele is number of transmission lines

NV is the number of voltage control buses
P;  isthe active power injection into bus i
Qi is the reactive power injection into i
P4 is the active load (demand) on bus i
Qg is the reactive load (demand) on busi
Py is the active generation on bus i

Qqi s the reactive generation on bus i

V; isthe magnitude of voltage at bus i
0, is the voltage phase angle at bus i

Yij = Gjj+jBjj are the elements of admittance matrix

IV. RESULTS & DISCUSSION

)

(8)

©)

(10)

(1)

Real Power allocation in Algorithm 1,2 & 3 are shown in Fig.2 for Cross over(CV)0.1 & Mutation (p) 0.1 with NO
Line (0) Contingency & with Line no.36 contingency .The Real Power flow in the line are required less in case of

Algorithm 3, as compared to other Algorithms.

TLC 0-No line(0) contingency ,TLC 36 —Line no. 36 contingency condition. (A1,A2,A3) Algorithm 1,2&3.

While Fig.3 shows the Reactive Power Flow in both No Line (0) Contingency condition & with Line no.36
Contingency condition. In Algo3, the reactive power flow in the line no. 15, 24, 27 & 32 is almost zero, for no
contingency condition. Under line no.36 contingency condition, the line no. 20, 21,& 26 the reactive power flow is
zero. Similarly in Algo.1, the reactive power flow in the line no.12, 23 & 24 is almost zero, in contingent condition.
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Fig 2- Real Power Flow for Algorithms 1,2,3.
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Fig 3 - Reactive Power Flow for Algorithms 1, 2, 3.

Bus Voltage profile is shown in fig.4 , with respect to this voltage profile , it is seen that the bus voltages in the Algo.3
under line no.36 contingent condition are on higher sides as compared to the voltages in the Algo 1& 2. In Algo 1, four
time i.e. the bus no.25, 26, 27 & 29, the bus voltages are below the lower set limit . In Algo 2, three times, i.e. bus
no.27, 29 & 30, the bus voltages are below the set limits. VVoltage limit is 10% (upper & lower limit).
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Fig.4 - Bus Voltage Profile for Algorithms 1, 2, 3.

Fig.5 shows that the Real Power Generation for no contingency & with contingency condition. Generator no. 1 ,will
supplied the Real power to its maximum capacity in both 0 & 36 line contingency condition as compared other
generators. The Real Power generation is approximately same in all generators.

Fig. 6 shows the Reactive Power allocation is maximum in the generator no.11 & 13.
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Fig.5 - Real Power Generation for Algorithms 1, 2, 3.
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Fig. 6 - Reactive Power Generation for Algorithms 1, 2, 3.
Table 1 — Real Line Flow In Pu
PU LINE/TLC M1 M2 M3 PU LINE/TLC M1 M2 M3
1.3 1 0.43183 | 0.357655 | 0.530004 | 0.16 22 0.47449 | 0.355644 | 0.632897
1.3 2 0.2005 | 0.563333 | 1.359146 | 0.16 23 0.47694 | 0.40652 | 0.594392
0.65 3 0.14619 | 0.561762 | 1.339489 | 0.32 24 0.22791 | 0.391836 | 0.620427
1.3 4 0.47304 | 0.406029 | 0.439875 | 0.32 25 0.32689 | 0.35519 | 0.537728
1.3 5 0.19236 | 0.536581 | 1.149687 | 0.32 26 0.46254 | 0.375996 | 0.536269
0.65 6 0.38383 | 0.363565 | 0.545817 | 0.32 27 0.47476 | 0.358217 | 0.768079
0.9 7 0.43087 | 0.334171 | 0.813086 | 0.32 28 0.42493 | 0.353424 | 0.679325
0.7 8 0.40934 | 0.408626 | 0.622794 | 0.32 29 0.43514 | 0.374942 | 0.632502
1.3 9 0.47726 | 0.355923 | 0.721768 | 0.16 30 0.45433 | 0.371473 | 0.647415
0.32 10 0.32521 | 0.534144 | 0.62412 0.16 31 0.47092 | 0.358661 | 0.582754
0.65 11 0.4063 | 0.346911 | 0.589235 | 0.16 32 0.47784 | 0.363836 | 0.64592
0.32 12 0.46472 | 0.407848 | 0.589926 | 0.16 33 0.39424 | 0.368785 | 0.603001
0.65 13 0.404 | 0.131802 | 0.470565 | 0.16 34 0.19894 | 0.811586 | 1.052017
0.65 14 0.44569 | 0.327612 | 0.535092 | 0.16 35 0.42203 | 0.509328 | 0.752767
0.65 15 0.45442 | 0.381294 | 0.511788 | 0.65 36 0.39414 | 0.569183 | 0.835357
0.65 16 0.45585 | 0.360709 | 0.758931 | 0.16 37 0.30394 | 0.385454 | 0.576087
0.32 17 0.38509 | 0.388838 | 0.763075 | 0.16 38 0.45995 | 0.360752 | 0.573724
0.32 18 0.46437 | 0.349636 | 0.568208 | 0.16 39 0.4792 | 0.37039 | 0.688274
0.32 19 0.35423 | 0.358204 | 0.587374 | 0.32 40 0.45995 | 0.360752 | 0.573724
0.16 20 0.44153 | 0.426637 | 0.513484 | 0.32 41 0.4792 | 0.37039 | 0.688274
0.16 21 0.33329 | 0.374223 | 0.693706

From the above Table it is observed that, in Algorithm 1, 61% lines are transferring the load less than its capability .In
Algorithm 2, the 63.4% lines are transferring more load than its capability. In Algorithm 3, the 75.6% lines transfers
more load than there rated capability. It is also observed that, in Algorithm 3, 41.46% lines are capable of transferring
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load double than there capability. This shows that the Algorithm-3, the load transfer capability is more than Algorithm1
& Algorithm2.

V.CONCLUSION

In this study, the three Genetic Algorithms were presented. In Genetic Algorithml, the Available Load Transfer
Capability is less as compared to Genetic Algorithm 2& 3 . Genetic Algorithm 3 improved the load transfer capability
in better way than the other Genetic Algorithms, within the system limit or with maintaining the system in secured
condition.
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