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Abstract: The main objective and purpose of the present study is to demonstrate the formulation of OPF (Optimal Power Flow)
distribution using a partitioning system and to determine the generation cost. OPF is one of the significant issues in analyzing the energy
system. Thus, to resolve the OPF problem with power networks deal with system size problems and streaming processing methods. In a
distributed partitioning system, the whole system independently tries to resolve a minor problem based on the limited inputs according to
their areas. In a distributed system, the entire standard IEEE bus system should be divided into sub-sections in two areas. Processors
should be capable of resolving minor issues related to partitions by allocating space properly. The case study of the IEEE-14 Bus system

is being tested and the findings obtained are exhibited.
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1. Introduction

From the past many years of study, the power network size
will become larger and larger, which leads the more power
system issues. The objective is to offer an optimal
algorithm to resolve the complicated energy system issues
[1] [5] [13] [18] [19] [22] [29] [32]. Much research has
been done on the use of metaheuristic techniques to
address the optimal power flow solutions [7] [10] [11] [14]
[22] [24] [25] [29]. But still need to provide the optimal
solution for the cost of generation as per the demand.

The main purpose of this article is to reduce the generation
cost by considering the constraints which include equality
and inequality constraints. Whereas an equality constraint
describes the power injection connection with voltage and
phase, as well as inequality constraints that explain the
voltage, line flow and generator limit.

To achieve the defined objective is to analyze the
technique and divide the complete system into smaller sub-
systems using a distributed partitioning system with
consideration of equality and inequality constraints and to
resolve them independently by using suitable algorithms
and to compile the findings of the sub-systems to find a
complete solution[10] [16]. For this, need to identify the
area to partition and apply the concept to demonstrate how
the standard IEEE bus system can be subdivided into
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specific regions or areas[11] [15] [16] [19] to achieve the
defined goal.

2. Objective of the Paper

The issue of AC OPF is nonconvex and nonlinear. The
main aim of the present research is to reduce the
generation cost using a distributed partitioning system by
considering the constraints which include equality
constraints that explain the power injection connection
with inequality constraints and voltage phase that explain
the limits of generator, line flow and voltage.

3. Distributed Optimal Power Flow

An improvement in performance over the centralized case
is obtained by distributed optimization. The highly non-
convex AC OPF issue is known to scale very poorly w. r. t.
number of lines and buses. We use a distributed
optimization technique with the shift to more renewable,
variable and distributed generation to gain better
computing performance and scalability. The number of
control variables inside the electric power system is
growing as a result of the demand response program's
deployment, which raises the size and complexity of the
optimization issues that define these controllable devices
ideal settings. Such an expansion will eventually be
difficult to manage effectively with the traditional
centralized  method. Therefore; the  distributed
optimization system improves the resilience and reliability
of future power systems. Generally, in distributed systems
using partitioning, the optimization issue for the entire
system is divided into smaller sub-problems each related to
a particular area of the region. The idea that these smaller
issues may be handled concurrently is then explored, with
the guarantee that the convergence to the overall best
solution is ensured via information sharing between
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adjacent sections [8] [9].
4. Objective of Partitioning

A significant amount of computational attempts and
resources are needed for centralized control due to the
highly linked network of the power system. Distributed
computing requires that the systems be ideally divided into
clusters since the AC OPF is non-convex.

The goal of the optimization problem known as network
partitioning is to reduce the number of nodes inside a
cluster and the tie lines that connect the clusters. It may be
most effective to separate the massive, linked network into
clusters. A balance between the cluster's size and
interconnectivity amongst clusters is needed to reduce the
execution time overall [17].The primary goals of the
partitioning problems are as follows:

To reduce the number of nodes inside a cluster;
To reduce the number of lines inside a cluster; and
To reduce the number of tie clusters between the lines.

The third goal depicts communication between the
clusters, while the first two indicate the computing load on
each cluster. Therefore, network partitioning is essentially
an optimization issue in combinatorial theory.

The requirement that each cluster's nodes establish
connections with other clusters or regions applies to the
problems of optimization.

To examine the best configuration for the control variables.
The goal of network partitioning is to achieve a balance of
nodes between the clusters and to limit the number of
connection lines connecting the clusters. It is framed as an
optimization problem. Using the techniques, the
connectedness of the resulting clusters is verified.
Improved results were obtained when the suggested
technique was evaluated using IEEE standard test cases. A
big linked power system network's decentralized control
center may readily apply this partitioning for distributed
computing applications. The system converges more
quickly with the optimum partition and distributed
optimization than with the centralized approach, proving
the partitioning method's need as well as its efficacy.

5. Formulation of AC-OPF system

The power system of the IEEE 14 bus supplied by
MATPOWER is considered. A case study of the bus
system is split into two partitions and the attained results of
the suggested algorithm are revealed [1] [4] [11] [29] [30].

Fig. 1 shows a single-line diagram. To make the OPF
problem appropriate, the suggested diagram is split into 2
partitions namely area A and area B.

Buses 1 to 5 are located in Area A, while buses 1, 2 and 3
are connected to generators.

The generators are linked to buses 6 and 8, which are
located in Area B.

Fig 1: Optimal Partition of IEEE 14-Bus System Splits
into 2 Areas

The division of the IEEE 14 buses into two sections is seen
in Figure 1. The buses are restricted to the areas indicated
by the dashed lines.

The term "load flow" refers to the electricity flow in any
electrical system. An essential issue in load flow study is
the power system's concern with addressing a series of
imprecise statistical computations. Kirchhoff's laws, which
are dependent on the active & reactive power injections to
the system and the voltage amplitude and class in every
area, provide the foundation for the load flow problem [1]
[8] [12] [14] [15] [20] [24-25] [30] [32]. The electrical
power systems usually have three different types of buses,
namely generation bus, load bus, and slack bus, which are
considered and play an important role during the coding
and execution of the program as per the distributed
partitioning system with respect to active region or area.

Optimization Vector: [PQV6]T 1)

The OPF is a non-convex, non-linear challenge with
continuous and binary variables in its most practical
version. AC-OPF have voltage magnitudes, voltage angles,
reactive power, active power, and the limits of each one of
these, because there is a limit on how much the generator
can produce and there is a limit also on the reactive power
that can inject or withdraw from the network. The same
goes for the voltage magnitude. The voltage angle is not
necessary but it helps for optimization. It also has equality
& inequality constraints on the decision variables.

5.1 Optimal Power Flow

It is the economic activity function of the electric power
system. Obtaining a comprehensive profile of active
voltage and power magnitude is the purpose of the OPF.
The main aim is to reduce the overall cost of generating
operations  while  meeting  network  constraints
[11[9][11][15][20][22][24][25][32]. The problem of
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dynamic control of the optimal power flow requires
precision which requires arrange of equality and inequality
constraints. Need to identify the control variable of the
system and define the mathematical expression
accordingly.

Minimization of total generation cost:

min £15 C(R) @

Where,

Pi — No. Of generators with power capacity

Ci — Cost of each generator-$/MWh

Continuous and binary variables are involved in the
nonconvex and nonlinear optimization of the AC OPF
issue. Each generator bus has adjustable actual power,
voltage magnitude, reactive power outputs and voltage
angles. The objective function consists of the generation
cost along with constraints, which include equality
constraints that define the voltage phase and power
injection relationship and inequality constraints that define
the power generation, as well as line flow limitations [1]
[31 [7]1[10] [11] [12] ] [13] [14] [19] [24] [25] [27].

5.2 AC Optimal Power Flow Statement

In the IEEE bus system, every bus humber is denoted as i.
Suppose Y to be the “branch admittance matrix”, I, and V,
represents the current and voltage injection at bus i.
Therefore, net power injection at bus i could be presented
as under:

S=V-T; ®)

N
Pi(V, 9) = Z(VI‘IJ(GIJ COS( Gi - 9]) + Bl] Sin(ei - 9]))

j=1

(4)
N
Qi(V, 9) = Z(VIV] (G1] Sin( 61 - 9]) - Bl] COS(ei - 6]))
j=1

Q)
Here T;, is obtained by V; and Y;; in equation (6) below, G
indicates the bus conductance matrix, G = R.(Y;) and, B

presents the bus “susceptance matrix”, By = Im(Yi]-) as
well as Y denotes the bus “admittance matrix”.

=%V V (6)

AC OPF issue is developed to minimize the total of
individual polynomial cost functions of real as well as
reactive power generations fPgi and fQgi, correspondingly,
for every generator on the mentioned buses (1,2,3,6,8)
revealed in equation (7). Whereas the optimization
variables x shown in equation (8) consist of generator
reactive power (Qg), real power (Pg), voltage magnitudes

V, and angle ©. Therefore, the cost-effective function of
real and reactive power generation is shown in equation

;
min Y fp(Pg) + fo(Qe)  (7)
Subject to the equations (9) to (14)

Equations (9) to (12) present the inequality constraints
with upper as well as lower bounds for reactive power, all
bus voltage angles and magnitudes, generator real power.
Equation (13) and (14) present the equality constraints,
which include real & reactive components, presented as
functions of V, © and power generations Pg, Q.

Real power and reactive power load demand Pq4 and Qq at
bus are supposed to be constant and are presented in the
file of MATPOWER input [8]. The AC OPF is a non-
convex optimization issue owing to the nonlinear equality
constraints connected to the injection of power.

5.3 OPF Constraints

It is a nonlinearly constrained optimization challenge with
generally comprehensible equality and inequality
constraints. The active & reactive power balances are
equality constraints on the ideal power flow. [1] [3] [9],
[14], [19], [25-26].The limits on the generation of both
power with respect to the power source boundary, the
voltage magnitude limit, and the angle limit are the
inequality constraints of the OPF issue.

5.3.1 Equality Constraints

The relationship of the power injection with the voltage
phase and the inequality constraints defining generator,
line flow and power limits.

The optimization vector x for the typical problem of AC
OPF is composed of the ngx1 vectors of generator real and
reactive power injections Py & Qg and the nbx1 vectors of
voltage angles © along with magnitudes V=V [1] [7-8]

[11] [14].
Pg
0

5.3.2 Inequality Constraints

The inequality constraint equations show the lower and
higher limits of real generator power, reactive power and
bus voltage angles along with magnitudes [1] [7-9] [11]
[13-14] [19] [25] ] [27] [30].

Subject to
Py < Py < Py ©
Qui < Qg < Qg (10)
VsV (12)
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6,<6,<6 (12)

Pyi— Py —P(V,0) =0 (13)

Qgi— Qai — Qi(V,8) =0 (14)
5.4 OPF Algorithm
The AC OPF problem may be resolved by the
MATPOWER code.

minf(y) cost of generation Pg (15)

Subject to g(x) = 0 power balance (16)

h(x) < 0 branch flow limits an
Xmin < X < Xmax Variable bounds (18)

6. Various Control Variables
6.1 Decision Variables (P Q V O)

The variables that are initialized with the default values of
Reactive Power Q, Voltage magnitude V, Real Power P, as
well as voltage angle ©. (i.e., P, Q, V, ©), are identified as
Area A and Area B decision variables, respectively, and
are represented by the symbols xa and xg. The decision
variables for each region will be specified, and it is
depending on how the area is divided.

Assume that the decision variables for areas A and B are
Xa and Xg, correspondingly.

XA
= [PglA' PgZA' PgSA' leA' QgZA' QgSA' Viar Voa,,, 014), e9A]

(19)

XB

= [Pg4B' PgSB' Qg4B' QgSB' V4B' VSBI V6B! V7Bl ’ V14—Bl 94Bl ’ e14—B]

(20)

Every region determines its buses, phase angles, voltage
magnitudes and real & reactive power of the internal
generators. The phase voltage angles and levels for the
buses in the overlapping region are determined by both
areas.

6.2 Global Variables (z)

The variable of consensus area is the global variable which
is denoted by z and it is initialized with the default value of
Voltage magnitude V and voltage angle ©.

z = [V4V5V6V,V50,05046,0,]" (21)
6.3 Objective of Control Variables
The “objective function” for Area A & B depends on the

power generated by the generators in Area A and Area B
subject to inequality constraints of P, Q, V, © with its

lower and upper band or limits and equality constraints
subject to real and reactive power generation and demand.
To achieve the objective this iteration will continue till to
get the optimal solution.

7. Partitioning of IEEE-Bus into clusters
7.1 AREA A

The division of the IEEE 14 buses into two sections is seen
in Figure 1. The buses are confined to the areas indicated
by the dashed lines.

In partition A, we take into account the consensus area’s
load, boundary buses, buses, and generators in area A to
manage all system loads and provide the necessary energy
while taking the economy as a whole into account;

Area A's buses: 1 to 5.

Boundary Buses: 6, 7, & 9.

Branches: 1-2,1-5,2-3,2-4,2-5,3-4,4-5,4-7,4-9,5-6.
7.2 AREA B

The partition area B is shown in Figure 1, where we took
into account the load on the consensus area, boundary
buses, generators and buses in area B to regulate the total
load on the system and objective to provide the necessary
energy by taking the economy as an entire;

Own buses of Area B: 6-14.
Buses at Boundary: 4 and 5.

Branches:
13,13-14,

6-11,6-12,6-13,7-8,7-9,9-10,9-14,10-11,12-

5-6,4-7,4-9.
7.3 CONSENSUS AREA
Consensus Buses: 4, 5,6,7,9.

Decision variables for every area will be described in
accordance with the area's partition. As a result, area A's
defined variables are designated as (.)a, while area B's
variables are designated as (.)s. Express the bus variables
as well.

Here i indicate the bus number and k represents the
number of iterations.

k
Suppose Xa & Xg ()' denote the “decision
variables” for areas A and B.

Xa = [PsaQgaVias» V7aVoa01a,,, 87409417 (22)

X = [prQgBVALBH’V14B64B"1914B]T (23)
Where Py = [Pg1, Pz, Ps]
QgA = [le: QgZ: Qg3] (24)
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Py includes[Pg4, Pgs] Qg includes[Qg4, Qgs] (25)
Z is the vector of the consensus variables:

V and O are the default values that are initialized for the
global variable z. The input file is used to establish the
lower as well as upper boundaries of the objective
variables in (10)—(13). Consensus local variable and global
variable vector z are related.

Assume that the consensus local variables in partitions A
and B are Xca and Xcg correspondingly.

Xca = [Vaar Vsa Vear Vza, Voa, 044, 854, 064, 874, 094 |
(25)

XcB = [V4-B ) VSB 'VGB ) V7B 'V9B' e4-B ’ e5B ’ e6B ’ e7B ’ e9B ]

(26)
8. Operation and Analysis Tools of Power System

Additionally, MATPOWER utilizes the expandable OPF
so that users may access, change, or optimize problem-
solving without having to rewrite parts shared with the
conventional format of OPF [1-2] [11] [23] [28]. Inside
MATPOWER has the advantage of using several
additional capabilities. MATPOWER uses this internally
constrained cost variable (CCV) method to automatically
generate a suitable auxiliary variant, cost time and the
corresponding set of limitations for any line-up generating
costs in AC or DC OPF. The dispatchable loads retain a
fixed power factor and additional equality constraints are
automatically added to implement the necessity for any
“negative generator” being applied to the model.

9. Optimal Power Flow Command

In the present case study, the active as well as reactive
power of the generators connected to the buses in areas A
& B has been determined by putting the given difficulties
into practice and performing a worldwide flexible study of
the MATLAB code. The findings received for areas A and
B, checked and solved using "runopf" with case code
command in MATPOWER are represented by the system
summary and bus data. The findings [2][21] illustrate the
fuel expenses of both the suggested algorithm and
MATPOWER.

10. Remark

If the two areas are interconnected to the distributed
generation region, then it means that the solution for region
A independently does not guarantee a solution with the
same need for total load demand.

When two areas are interconnected to the distributed
generation region, then the optimal solution of area B
independently does not guarantee an optimal solution for
the whole load.

This occurs due to the commitment to maintaining the
voltages at interconnecting buses in two regions, while the
flow of load between the branches changes to meet the
need for total load.

11. Result

The MATPOWER results of the IEEE-14 Bus system are
revealed in Table 1. The system is converging and all three
case studies with generation capacity, actual generation,
Load, and Losses are being compared. The goal of
producing the necessary energy while taking the economy
into account is being achieved.

Table 1. MATPOWER Result

S.N. CASE STUDY IE§5'814 AREA A AREA B
OVERALL COST
1 ($/MWHIr) 8081.53 8879.52 10903.48
2 Convergence Time 332 019 07
(Second)
3 Generation P(MW) 772.4 572.4 500
Capacity Q(MVAr) 148 100 96
268.29 263.08 262.65
Pg1=194.33 | Pg1=96.15 | Pg6=182.50
P(MW) Pg2=36.72 | Pg2=66.94 | Pg8=80.16
Pg3=28.74 | Pg3=100.00
Actual _
Generation FEO=OL
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4 Pg8=8.49
67.63 67.04 91.16
Q(MVAI) [ Qg1=0.0 Qg1=0.0 Qg6=48.00
Qg2=23.69 | Qg2=27.04 | Qg8=43.16
Qg3=24.13 | Qg3=40.00
Qg6=11.55
Qg8=8.27
P(MW 2 2 2
5 Load (MW) (MW) > > 59
Q(MVAr) 735 73.5 73.5
P(MW) 9.29 4.08 3.65
6 Losses Q(MVAr) 39.16 35.14 36.11

12. Conclusion

The implementation of Distributed Optimal Power Flow
using a partitioning system performs on the different
scenarios conducted to test our methodology for specific
non-convex AC OPF. Based on the three Case studies, it
concludes that the system is converging and achieved the
defined objective of this paper.
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