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Abstract— This paper aims to extend knowledge about the
optimal power flow (OPF) in an interconnected grid system
is an important operation concerning transmission loss and
other operational constraints of the power system.
Moreover, with the deregulation of the power industry, there
has been a huge change in the process of operation and
control strategies of optimum power flow. The increase in
power transaction concerning real-time increase in demand
and for satisfying those demand the competition of the
market players are creating stress on the power system and
preventing normal power flow [1]. To allow smooth and
quality flow of power the problem of congestion has to be
solved. This can be done by rescheduling the generation
level of the generators at minimum cost and with a
minimum loss, subjected to load balance.
Keywords: Optimal power flow (OPF),
rescheduling,  Transmission  congestion,
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. INTRODUCTION

In this modern era, there is a huge power requirement in
industries and other sectors also. Congestion is the main
problem in this power sector.

A. Congestion:

When the system reached or beyond its one of the transfer
limits then it is called congestion. The limits are voltage
limits, stability limits, and thermal limits.

B. Congestion management:

Congestion management, that is, controlling the
transmission system so that transfer limits are observed, is
perhaps the fundamental transmission management problem
[2].

C. Reasons for congestion in transmission line:

1) The unexpected outage of generation
2) The sudden increase in demand

3) Tripping of transmission lines

4) Failure of other types of equipment

D. Importance of congestion management:

Congestion is a term that has come to the power system in
conjunction with deregulation, although congestion was
present on the power system before deregulation. Later it
was discovered in terms of steady-state security, and the
basic objective was to control generator output so that the
system remains within limits at the minimum cost. When
dealing with power flow within its operating area, one
entity, the vertically integrated utility, controlled both
generation and transmission. Conflicts between security and
economics could be traded off within one decision making
entity.

E. Methods of congestion management:

1) Real power generation rescheduling
2) Operation of FACTS controllers

3) Phase-shifting transformers

4) Line switching

5) Load shedding

F. Problem definition:

Power system congestion is a major problem that the system
operator (SO) would face in the post-deregulated era.
Therefore, investigation of techniques for congestion
freewheeling of power is of paramount interest [4]. One of
the most practiced and an obvious technique of congestion
management is rescheduling the power output of generators
of the system, but therefore rescheduling we have to
understand the optimal power flow. Here optimal power
flow by particle swarm optimization applied on economic
load dispatch problem which is used for a total fuel cost of
generators units or operation cost.

G. The objective of the work:

1) Applying optimal power flow using particle swarm
optimization algorithm for generation rescheduling of
active and reactive power generation.

2) Use sensitivity factors for the selection of generators
participating in the rescheduling.

3) To modify the PSO this will give a better solution than
convection PSO.

Optimization is the process of obtaining the best
result under given circumstances. In the design,
construction, and maintenance of any engineering system,
we have to take many technological decisions. The ultimate
goal of all such actions is either to minimize the efforts
required or to maximize the desired benefit. Optimization
can be defined as the process of finding the condition that
gives the maximum or minimum value of a function.

Optimal power flow has become one of the most
important problems and it is the fundamental tool the
enables electric utilities to specify economic operating and
secure states in the power system. The main objective of the
OPF problem is to optimize a chosen objective function
such as fuel cost, piecewise quadratic cost function, fuel cost
function, fuel cost with valve point effects, voltage profile
improvement, voltage stability enhancement, through
optimal adjustments of power system control variables while
at the same time satisfy system operating condition with
power flow equations and inequality constraints [5].

The equality constraints are the nodal power
balance equations, while the inequality constraints are the
limits of all control or state variables. The control variables
involve the tap ratios of transformers, the generator's real
power, the generator bus voltages, and the reactive power of
sources [6]. In general, the OPF problem is a large scale,
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highly constrained, nonlinear, and non-convex optimization
problem.

H. Optimal power flow methods:

1) Conventional programming method:
—  Linear programming method
—  Newton-Raphson method
—  Quadratic programming method
— A non- linear programming method
Interior point method

2) Artificial Intelligence Method:
— Artificial neural network
—  Fuzzy logic method
—  Genetic algorithm method
—  Evolutionary algorithm
— Ant colony optimization
— Particle swarm optimization

The main focus of this paper is to study short-term
generation scheduling for thermal generating units by
considering real-time operating constraints such as real
power operating limits of generators, ramp rate limits,
minimum up and downtime limits, and generation and load
matching. A RANDIW-PSO based algorithm is developed
for optimal generation scheduling that includes two
important functions as unit commitment and economic
dispatch [7]. Security constraints, transmission line flow
limits, and voltage at each bus are incorporated in optimal
power flow formulation that minimizes network violation
which in turn retaining transmission security in power
system.

Il. PROBLEM FORMULATION FOR OPTIMAL GENERATION
SCHEDULING

Economic load dispatch is defining the production level of
the plant so that the total cost of generation and transmission
is minimum for a prescribed schedule of loads. The cost of
power generation, particularly in fossil fuel plants is very
high and ELD helps in saving a significant amount of
revenue. For the dispatching purpose, the cost is
approximated by one or more quadratic segments. The fuel
cost curve is modeled as a quadratic/convex in the active
power generation.

A. Simple economic load dispatch:

For the dispatching purpose, the cost is approximated by one
or more quadratic segments. The fuel cost curve is modeled
as a quadratic convex in the active power generation. The
output curve of the fuel cost and generation is quadratic.

The optimal generation scheduling problem can be
formulated as mixed-integer constrained, where the
objective function of the thermal power plant to minimize as
follows:

f, = minimize[XN, FC(P, i) + SCj; ] - (1)
where FC(P;) and SCj; are the productlon cost of the ith
thermal unit in a jth hour and start-up costs of the ith unit in
jth hour, B; its power output. The production cost as
follows:

FC( ) = aPi]-Z + bpl] +c -- (2)

Where, a, b and c are cost coefficient. The start-up cost
characteristic as follows:

Off
SCjj = uj(1 — (uy) [ + Bi(1 —exp(1 — )) -3
Where, a; is a hot start-up cost, B; is a cold start- up cost and
7; is a cooling time constant. ;> is turn off time of ith unit
in the jth time period. uy; is the status of the unit ith in the jth
time period. Unequal voltage constraint at each bus,
generated real power at generator buses and line flow in
MVA are included as a penalty factors in objective function.
So, the objective function is generalized as:
fZ - fl + jl(Pg _ Pglimit) + JZ(S _ Slimit) + ]3(V _ Vlimit) ;.
(4)
Here, j,, j,,js are penalty factor and Pjimit, Slimit ylimit are
limits of the real power generator, line flow, and voltage
limit of each bus respectively [8].
The above objective function is minimized subject to the
following constraints:
1) Real power balance constraint: The total thermal power
must be equal to the total load demand (Pp) and power
loss(Pyyss) iN jth transmission lines:
Y1 u;iPy = Pp + Plogs - (5)
Where, uj; is the status index of the ith unit in the jth period
(1 for up and 0 for down). In this work, the transmission
power losses (Pss) are computed using the Newton-
Raphson AC power flow [9].
2) Real power operating limits of thermal generating units
are:
Pgmin Y N - (6)
Where, Pgmin and P;"** are minimum and maximum
generation limits of the gth generator.
3) Unit minimum up/down (MUT/MDT) time for thermal
generating units can be referred to as:
(T32, — MUT) (u3j-4 —uy;) = 0 - (7)
(TS™, — MDT)(u;; — ujj—q) = 0 --(8)
Where, T°" and T°f are the unit turn on and turn off time
respectively.
4) The transmission line constraints are:

IS < s - (9)
where, S is the maximum transmission capacity of line
in MVA.

5) The ramp rate constraints for thermal generating units
are:

APt
w*y'! ) _. —
-~ (:.“7‘.:\’ J
X ——
X 4"/')'-, st
X, X, AR
Pj = PBj-1 <UR - (10)
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where UR; and DR; are the ramp-up and down rate limits of
ith unit respectively [10].

6) Bus Voltage magnitude limits are:

ymin <y < ymax - (12)

Where, V3% and V™ are
minimum voltage limits on each bus.

maximum and

I11. SOLUTION USING PARTICLE SWARM OPTIMIZATION

Particle swarm optimization (PSO) is an evolutionary
technique created by Dr. Eberhart and Dr. Kennedy [11].
The main objective of their research was to mathematically
simulate the social behavior of bird flocks and fish schools.
PSO uses a term population of particles that fly through the
problem hyperspace with given velocities. According to its
previous best position for particles and neighborhood
position, the velocity of individual particles is stochastically
adjusted at every iteration. The particle and neighborhood
best values are derived according to the user-defined fitness
function. These techniques are robust and have proven their
effectiveness in handling many classes of optimization
problems [12].

A. PSO search area:

Let us consider, n-number of a particle in d-dimensional
search space, the position and velocity vector of the nth
particle in search space represented as: X, =
(Xp1sXp2 e+ Xpn) AN V, = (Vppq, Vi «.e. V) respectively.
In PSO, all particles adjust their velocities by changing their
positions towards optimum locations. Here, particle position
(x';,) indicate generated power at a given time interval. The
VLH represents updated particle speed which shows the
direction and to minimize the cost of generation the
generation has to be changed. The updated position x})“of
particle-p at iteration i+1 indicates changes in power
generation. From the evaluation method, the best position of
particle called Pbest and best particle among all particles is
called Ghest.
Fig. 1: Representation of particle position for power
generation scheduling [13]
The updated velocity and position equation of ith
iteration represented as:
virt = [w.v) + cl.rand(.) = (Pbest — x}) +
c2.rand(.) * (Gbest — x})] -- (13)
The update velocity equation represents the
moment of each particle. where, w is inertia weight constant
of a particle, an exploration of search space is controlled by
inertia constant, is given in[13]. Acceleration constant C1 is
a cognitive parameter that pulls each particle towards the
local best position and constant C2 is a social parameter that
pulls the particle towards the global best position. Where w
is called inertia weight, the inertia weight factor is set to
change randomly according to the following equation[14]:

w=05+220 - (14)

where rand(.) is a uniformly distributed random
number within the range of 0 and 1. The second and third
parts of the velocity equation are known as cognitive

component and social component and it is useful to provide

the best position of particles, it is some iteration. Similarly,
the position update equation is as follows:

xprt =xb + vt -- (15)
Where, i+1 is new update iteration number, xli;fl

and vj*

Particle velocity on each dimension is clamped to a
maximum velocity Vmax if the sum of the accelerations
would cause the velocity on that dimension to exceed V max
which is the parameter by the use specified. Then the
velocity on that dimension is limited to Vmax.

Swarm: It is a disorganized population of moving
particles that tend to cluster together towards a common
optimum while each particle seems to be moving in a
random direction.

Personal best (Pbest): The personal best position
associated with an ith particle is the best position that the
particle has visited yielding the highest fitness value for that
particle.

Global best (Gbest): The best position associated
with the ith particle that any particle in the swarm has
visited yielding the highest fitness value for that particle.
This represents the best fitness of all the particles of a
swarm at any point in time.

Algorithm for optimal scheduling using PSO:

The PSO algorithm step by step procedure is as follows:
Step-1: Initialize parameters of PSO are as follows:
Population size = 70

Total number of iterations =100

Limit of change in velocity of individuals as follows:
Vmax= (pmax-pmin)/10;

Vmin= -(pmax-pmin)/10;

Step-2: Initialize particles with random values.

Step-3: Run power flow using the N-R method.

Step-4: Satisfy all equality and inequality constraints of
parameters generated at the end of power flow.

Step-5: Evaluate the fitness value of an objective function
and identify Pbest & Gbest values.

Step-6: Update particle velocity using equation (13).

Step-7: Update particle new position of each using equation
(14).

Step-8: Find new fitness value (objective function value)
using updated velocity & updated position.

Step-9: Compare current fitness value with the previous
value. If the fitness value of the current Pbest is better than
the previous Pbest, then set Pbest is equal to the current
Pbest.

Step-10: Similarly, compare new fitness Gbest with
previous Gbest. If the fitness value of current Ghest is better
than previous Gbest, then set Gbest is equal to current Gbest
Step-11: Repeat steps 6-10 until a stopping criterion is met.

IVV. RESULTS AND DISCUSSION

The RANDIW-PSO based algorithm is implemented on the
modified IEEE-30 bus reliability test system. This system
consists of 26 generator units, 17 load buses connected by
38 transmission lines and transformers. It is noted that hydro
generating units are not considered in this work. The total
generation capacity amounts are 3225MW. The data for
generators, the percentage of system loads at each bus, and
the hourly peak loads are taken from [15,16]. The generating
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units connected at bus-13 is considered as slack bus and it is
assumed that all three units at this bus are always connected.
A peak load for this system is 2850 MW at hour 18 and the
minimum load is 1824 MW at hour 5. The voltage limit at
each bus is taken constrained between 0.95 p.u and 1.05 p.u.

To verify the effect of transmission line flow limits
on generation scheduling, two cases are considered viz.
case-1: without transmission line limits, case-2: with
transmission line limits. In both cases, a quadratic function
as an operating cost and exponential function as a start-up
cost function are considered. The thermal power plant uses a
quadratic fuel cost function such as the Fuel Cost Curve.
The fuel cost curve allows us to look at a wide range of
economic dispatch practices such as the total operating cost
of a system and minute to minute loading of the generator.
The fuel cost function becomes more non-linear when the
actual generator response is considered. While, a start-up
process of the thermal plant depends upon changes in
temperature based on the amount of heat supplied from the
fuel It follows an exponential decay function with the limit
being the temperature of the surroundings, which is typically
reached in the range of 48-60 hours. The start-up cost
depends exponentially on the number of hours since the
thermal unit last shutdown. The committed schedule of the

thermal power plant is shown in table-1 to obtain optimal
generation cost.

The binary number ‘1’ or ‘0’ represent on and off
states of different units at different hours. For large power
generation in this system, units 20-26 comprises in table-1
consider as baseload power plants.

Table-1 unit commitment of thermal units

hour units (1-26)

1 111100111002111111111111111
2 111100101001110000011211111
3 101100001001110000011211111
4 111100001001111012111111111
5 0010000010021111211121111111
6 011000001001111010121111111
7 001100100101111120001111111
8 11110011010111100101111111
9 10110011110111110001111111
10 0011001011011110000121121111
11 00110010110111000001111111
12 111100111101110000011211111
13 0111001110011100000121121111
14 10011100111100001111111111
15 00110011000111111101111111
16 0111001100011110100112111111
17 01110011100111010001212111211
18 0111001111011110000122111211
19 01110011111111000001112121112
20 01110011111111111001111111
21 001100111111110000012111212121
22 011100111011110000011121111
23 01110011101111000001121111
24 00110011100111111001111111

A. Case:1 Without transmission line limits:

In this case, the problem of active power generation
scheduling was solved without considering line flow limits
by using RANDIW-PSO techniques. It was tested on the
IEEE-24 bus reliability test system for different loads at a
24-hour time horizon. In this simulation transmission losses
are consider and obtain optimal generation cost for different
hours by using RANDIW-PSO shown in fig-(3), results in
obtain system total operating cost was $ 7,96,582.07 and,
also derived individual active power generation of each unit
for the different period is shown in fig-(4)

45000.00

40000.00

Cost ($)

35000.00 —

30000.00 — —

2500000 9= 111

20000.00

1234567 8 9510111213141516171819202122 2324

Time period (h)

Fig. 3: Hourly cost of generation (without line limits)
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B. Case-2: With transmission line limit on line-23 with
300MW

In this case, a line flow is reduced to analyze the security-
constrained of the system and to realizes the effectiveness of
the approach method. By reducing line flow in the system,
all the generating units have to change their generation to
satisfy load demand and to flow active power through the
line within the limits. Thus, due to the change in generation,

operating cost also changes. So, using an approach method,
a new generation is obtained for different load by
considering line flow limits and transmission losses for the
different period is shown in fig(5). A-line flow of case-1 and
case-2 is shown in table-(2) after reducing the line limit to
300MW. After applying the approach method, it notifies
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Fig. 5: Comparision between hourly generation and demand
hour | Without line limit | With line limit Thus, the new generation is obtained by
1 315.90 297.69 considering all the system constraints and bus voltage
2 316.52 296.48 constraints. Results of optimization obtain without reporting
3 304.08 207.81 any violation. A comparison of bus voltage before and after
4 305.04 206.38 optimization is shown in fig(7)., it shows that voltages are
5 305.43 291.71 better found after
6 311.05 295.28 1.05
7 301.33 284.05 1
8 320.76 297.99 0.95 -
9 311.46 298.12 3 09+
=
24 312.35 297.39 3 0.85 1
Table 2: F 08 wbefore
that line 23 is overloading which is connected 0,75 1 optimization
between bus 14 and bus 16 of the system. Further, it also 0.7
observed that line 23 is not overloading over all the period 0.65 = after 0
except hour 1 to 9™ and 24" hour. Cost comparison of both 0.6 - : optimization
case-1 and case-2 shown in fig-(6)of the overloading period. 1357911131517192123
35000 time period(h)
30000 Fig. 7: comparison of bus voltages before optimization and
o 25000 after optimization for 24 time periods.
3 20000 u with It indicates that RANDIW-PSO is best suited for
2 15000 ;’.’F". out generation scheduling by considering all system constraints.
10000 it Thus, the system operating cost was increased by $
5000 PP 7,96,145.1 after line limits reduce, which is more as
® with limit
0 L compared to the cost of case-1 without the line limit.
— ] E vi - W ooy =
= = = = e = = = E&
time period(h) V. CONCLUSION

Fig. 6: cost comparison of without limit and with a limit

A RANDIW-PSO based algorithm has been developed to
solve the short term generation scheduling problem. The
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algorithm is tested on the IEEE-24 bus reliability test
system, which consists of 26 thermal generating units. Two
cases viz:1) without transmission line limits and 2) with
transmission line limit have been evaluated and optimal
solutions are found. This approach may be helpful to the
system operator to find the most economical generation
schedule in a deregulated environment system by
considering 26 generating units and obtained best generation
scheduling without violation. Further, to check security-
constrained on this test system, a line limit is reduced and
during that corresponding hours an optimal generation
scheduled is carried out with no violation is reported.
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