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ABSTRACT 

 
 In power engineering the power flow analysis (also known as load flow study) is an important 

tool involving numerical analysis applied to a power system.  This project deals with a model of 

existing power system using the actual data taking care of all parameters required for the 

simulation and analysis. With the help of Maharashtra State Electricity Transmission co. Ltd., a 

model of 220KV lines, of Solapur District grid using MATLAB software will be modeled. In 

this project, an algorithm will be used for power flow study and data collection and coding 

required for modeling. Load flow studies will be carried out using Newton Raphson method and 

voltage profile of buses will be analyzed. New method for the improvement of voltage profile 

will be suggested and analyze using the developed model. The optimization techniques include 

power factor compensation, tap changing, up gradation of substation, up gradation of line and 

load shifting will be analyzed. Importance of power flow or Load flow studies is in planning 

future expansion of power system as well as determining the best operation of existing systems. 

From results of simulation buses with low voltage profile will be identified and possible 

solutions can be suggested.   

 

KEYWORDS— Power flow analysis, active and reactive power flow, tie line flow, voltage 

variations 

 

INTRODUCTION 

Power flow analysis is the backbone of power system analysis and design[1]. They are necessary 

for planning, operation, economics scheduling and exchange of power between utilize. Power 

flow analysis is required for many other analyses such as transient stability, optimal power flow 

and contingency studies. The principal information of power flow analysis is to find the 

magnitude and phase angle of voltage at each bus and the real and reactive power flowing in 

each transmission lines. Power flow analysis is an importance to involving numerical analysis 

applied to a power system. In this analysis iterative technique can be used due to there no known 

analytical method to solve the problem. This resulted nonlinear set of questions or called power 

flow equations are generate. To finish this analysis there is methods of mathematical calculations 
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which consist plenty of step depends on the size of system. This process is difficult and takes 

much time to perform by hand. By develop a toolbox for power flow analysis surely will help the 

analysis become easier. High speed, low storage, and reliability for ill-conditioned problem are 

the characteristics requirements of superior power flow method. For regular power flow studies, 

newton raphson method is versatile, reliable and accurate to commonly use[2]. Newton Raphson 

method based power flow simulations are performed for different operations schemes of a big 

industrial petrochemical complex and finally best operation configuration of the system is 

indicate[4]. 

A comparison of load flow analysis using DistFlow, Gauss-Seidel, and optimal load flow 

algorithms: 

The state of a power system and the methods of calculating this state are extremely important in 

evaluating the operation of the power system, the control of this system, and the determination of 

future expansion for the power system. The state of the power system is determined through load 

flow analysis that calculates the power flowing in the lines of the system. There are several 

different methods to determine the load flow of a given system. For the purposes of this paper, 

only three methods of load flow algorithms are evaluated: Gauss-Seidel, optimal load flow, and 

the DistFlow method[5] 

Load Flow Analysis with Voltage-Sensitive Loads  

This paper conducts load-flow analysis of a five-bus test system containing voltage sensitive 

loads. Generalized equations that are suitable for the voltage sensitive loads and applicable to the 

Newton-Raphson method are developed. Three load flow studies are carried out. In the first 

study, all loads are assumed as constant power loads. In the other two studies, all loads are 

assumed as constant current or constant impedance loads respectively [7]. 

Load flow analysis of 132 / 11 kV distribution substation using static var compensator for 

voltage enhancement — A case study  

In a power system, load varies from one hour to another; reactive power varies accordingly 

which results into unacceptable voltage variation. This affects the performance of load and other 

parameters like power loss and power factor. This paper deals with Simulation of 132/11 kV 

Distribution Sub Station using SVC for voltage enhancement. Load Flow is carried out, 

considering balanced system during peak load condition, with the voltage enhancement is the 

main objective. Other objectives of the paper are the reduction in power loss and improvement in 

power factor[8]. Simulation is developed in Electrical Transient Analyzer Program (ETAP) 

environment and recorded parameters are compared with Simulation results[9]. 

MATPOWER: Steady-State Operations, Planning, and Analysis Tools for Power Systems 

Research and Education 

MATPOWER is an open-source Matlab-based power system simulation package that provides a 

high-level set of power flow, optimal power flow (OPF)[11], and other tools targeted toward 
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researchers, educators, and students. The OPF architecture is designed to be extensible, making it 

easy to add user-defined variables, costs, and constraints to the standard OPF problem. This 

paper presents the details of the network modeling and problem formulations used by 

MATPOWER, including its extensible OPF architecture. This structure is used internally to 

implement several extensions to the standard OPF problem, including piece-wise linear cost 

functions, dispatch able loads, generator capability curves, and branch angle difference limits. 

Simulation results are presented for a number of test cases comparing the performance of several 

available OPF solvers and demonstrating MATPOWER's ability to solve large-scale AC and DC 

OPF problems. MATPOWER is an open-source Matlab-based power system simulation package 

that provides a high-level set of power flow, optimal power flow (OPF), and other tools targeted 

toward researchers, educators, and students. The OPF architecture is designed to be extensible, 

making it easy to add user-defined variables, costs, and constraints to the standard OPF problem. 

This paper presents the details of the network modeling and problem formulations used by 

MATPOWER, including its extensible OPF architecture. This structure is used internally to 

implement several extensions to the standard OPF problem, including piece-wise linear cost 

functions, dispatch able loads, generator capability curves, and branch angle difference limits. 

Simulation results are presented for a number of test cases comparing the performance of several 

available OPF solvers and demonstrating MATPOWER's ability to solve large-scale AC and DC 

OPF problems [10].  

Distributed Fast Decoupled Load Flow Analysis  

This paper presents an implementable distributed load flow calculation method for online 

analysis, for power systems having multiple, geographically separated areas. The system is 

partitioned into multiple areas, with each area having its own control centre. Adjacent areas share 

a tie-line and the power flowing in these tie-lines are expected to be known to the control centers 

concerned before the analysis is started. Since each area may be governed by different 

companies, it is justified to expect that the power that is traded through a tie-line would be 

known to the control centers sharing the line. The proposed method uses the fast decoupled load 

flow approach and it suitably adds elements to the B' and B" matrix to find out the state variables 

of the boundary buses. Results on the IEEE 14 and 30 bus systems show that the distributed 

analysis converges as fast as the centralized ones[11]. 

Modified Newton-Raphson load flow analysis for integrated AC/DC power systems  

The significant increase in planned offshore wind parks and the tendency towards large parks in 

considerable distances offshore, make the well-established HVDC technology a favorable 

solution for the connection of these large & distant offshore wind parks to the main power grid 

onshore. It is therefore necessary to adequately model the HVDC transmission links and 

integrate them in the load flow analysis of the complete AC-DC system. In this paper, the well-

known Newton-Raphson method for the load flow analysis is modified to achieve compatibility 

for AC-DC systems with integrated DC links in the AC network. The elements of the residual 

vector and the Jacobian matrix for the AC network are kept unchanged and are merely 

complemented by a new vector and a new matrix, which represent the modifications due to the 

DC link. The modified Jacobian equation includes the DC real and reactive power at the AC-DC 
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buses, and their dependency on the AC system variables. The modified Newton-Raphson method 

is evaluated on an AC-DC test system with a load flow computation in Matlab and the results are 

presented [12]. 

Distribution system power flow analysis-a rigid approach  

This approach is oriented toward applications in three phase distribution system operational 

analysis rather than planning analysis. The solution method is the optimally ordered triangular 

factorization Y BUS method (implicit ZBUS Gauss method) which not only takes advantage of the 

scarcity of system equations but also has very good convergence characteristics on distribution 

problems. Detailed component models are needed for all system components in the simulation. 

Utilizing the phase frame representation for all network elements, a program called Generalized 

Distribution Analysis Systems, with a number of features and capabilities not found in existing 

packages, has been developed for large-scale distribution system simulations. The system being 

analyzed can be balanced or unbalanced and can be a radial, network, or mixed-type distribution 

system. Furthermore, because the individual phase representation is employed for system and 

component models, the system can comprise single, double, and three-phase systems 

simultaneously 

Complex-Variable Newton-Raphson Load-Flow Analysis with FACTS Devices  

Based on complex voltage variables, the paper develops a Newton-Raphson (NR) load-flow 

analysis formulation which includes FACTS devices. Detailed analysis of the formulation 

confirms that significant reduction in memory access is achieved by the complex-variable NR 

formulation in comparison with the traditional formulation based on the real form. The 

significant reduction in memory access achieved will lead to the advantage of substantial 

reduction in computing time when load-flow analysis is implemented in parallel-computing 

environment. This advantage is also applicable in the case of single-processor computing 

environment, depending on memory cycle time. The formulation removes the approximation 

used in the previously-published NR load-flow analysis in complex form. The new method 

preserves fully the powerful convergence property of the NR algorithm. In addition, complex-

variables offer a flexible and direct approach for modeling FACTS devices. The formulation is 

tested by simulation with representative power systems, including that with FACTS devices 

Load Flow Analysis Framework for Active Distribution Networks Based on Smart Meter 

Reading System 

With the expansion of distributed generation systems and demand response programs, the need 

to fully utilize distribution system capacity has increased. In addition, the potential bidirectional 

flow of power on distribution networks demands voltage visibility and control at all voltage 

levels. Distribution system state estimations, however, have traditionally been less prioritized 

due to the lack of enough measurement points while being the major role player in knowing the 

real-time system states of active distribution networks. The advent of smart meters at LV loads, 

on the other hand, is giving relief to this shortcoming. This study explores the potential of bottom 

up load flow analysis based on customer level Automatic Meter Reading (AMRs) to compute 
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short time forecasts of demands and distribution network system states. A state estimation frame-

work, which makes use of available AMR data, is proposed and discussed. 

Numerical methods for on-line power system load flow analysis 

Newton-Raphson method is the most widely accepted load flow solution algorithm. However LU 

factorization remains a computationally challenging task to meet the real-time needs of the 

power system. This paper proposes the application of very fast multifrontal direct linear solvers 

for solving the linear system sub-problem of power system real-time load flow analysis by 

utilizing the state-of-the-art algorithms for ordering and preprocessing. Additionally the 

unsymmetrical multifrontal method for LU factorization and highly optimized Intel® Math 

Kernel Library BLAS has been used. Two state-of-the-art multifrontal algorithms for 

unsymmetrical matrices namely UMFPACK V5.2.0 and sequential MUMPS 4.8.3 (“Multifrontal 

Massively Parallel Solver”) are customized for the AC power system Newton-Raphson based 

load flow analysis. The multifrontal solvers are compared against the state-of-the-art sparse 

Gaussian Elimination based HSL sparse solver MA48. This study evaluates the performance of 

above multifrontal solvers in terms of number of factors, computational time, number of 

floating-point operations and memory, in the context of load flow solution on nine systems 

including very large real power systems. The results of the performance evaluation are reported. 

The proposed method achieves significant reduction in computational time. 

A Fast Continuation Load Flow Analysis for an Interconnected Power System 

The paper provides an algorithm for a fast continuation load flow to determining critical load for 

a bus with respect to its voltage collapse limit of an inter connected multi-bus power system 

using the criteria of singularity of load flow Jacobian matrix. For this purpose, load flow 

Jacobian matrix of an interconnected multi-bus power system is transformed into a two by two 

elements Jacobian matrix with respect to a target/selected bus by incorporating the effect of all 

the other buses of the system on the target bus. The validity of the proposed method has been 

investigated for the IEEE 30 and IEEE 118 bus system [12]. 

Load Flow Analysis: An Overview 

The load flow study in a power system constitutes a study of paramount importance. The study 

reveals the electrical performance and power flows (real and reactive) for specified condition 

when the system is operating under steady state. This paper gives an overview of different 

techniques used for load flow study under different specified conditions.  

 

A Simple and Reliable Algorithm for Computing Boundaries of Power Flow Solutions due 

to System Uncertainties  

Power flow studies are typically used to determine the steady state or operating conditions of 

power systems for specified sets of load and generation values, and is one of the most intensely 

used tools in power engineering. When the input conditions are uncertain, numerous scenarios 

need to be analyzed to cover the required range of uncertainty, and hence reliable solution 

algorithms that incorporate the effect of data uncertainty into the power flow analysis are needed. 

To address this problem, this paper proposes a new solution methodology based on the use of 
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optimization techniques and worst-case scenario analysis. The application of these techniques to 

the power flow problem with uncertainties is explained in detail, and several numerical results 

are presented and discussed, demonstrating the effectiveness of the proposed methodology [13]. 

 

Load Flow Analysis on IEEE 30 bus System- 

Power flow analysis is the backbone of power system analysis and design. They are necessary 

for planning, operation, economic scheduling and exchange of power between utilities. The 

principal information of power flow analysis is to find the Magnitude and phase angle of voltage 

at each bus and the real and reactive power flowing in each transmission lines. Power flow 

analysis is an importance tool involving numerical analysis applied to a power system. In this 

analysis [14], iterative techniques are used due to there no known analytical method to solve the 

problem. To finish this analysis there are methods of mathematical calculations which consist 

plenty of step depend on the size of system. This process is difficult and takes a lot of times to 

perform by hand. The objective of this project is to develop a toolbox for power flow analysis 

that will help the analysis become easier. Power flow analysis software package develops by the 

author use MATLAB programming the economic load dispatch plays an important role in the 

operation of power system, and several models by using different techniques have been used to 

solve these problems [15]. Several traditional approaches, like lambda iteration and gradient 

method are utilized to find out the optimal solution of nonlinear problem. More recently, the soft 

computing techniques have received more attention and were used in a number of successful and 

practical applications [16]. 

 

Novel Load Flow Algorithm for Multi-Phase Balanced/ Unbalanced Radial Distribution 

Systems : 

In this work, distribution system load flow analysis is formulated and tested for fundamental 

steady-state and harmonics power flow. For the steady-state analysis, a novel power flow 

formulation method for the general multiphase balanced and/or unbalanced radial distribution 

systems is presented. The special topology of the power distribution system has been fully 

exploited to facilitate obtaining a direct solution using the graph theory. Only one developed 

matrix used in conjunction with simple standard formulation is enough to obtain the power flow 

solution[17]. This matrix is the branch-path incident matrix. A feature of using this method is 

that it significantly reduces the number of power flow equations, as compared to conventional 

methods, hence very low computation time and memory storage[18]. The presence of nonlinear 

loads in the power system causes the circulation of harmonics currents in the system, leading to 

harmonics voltage drops. The harmonics flow analysis in this paper, uses the 

network techniques in conjunction with graph theory resulting in a powerful algorithm for 

nonlinear load flow analysis. Six pulse converters model were used to represent the nonlinear 

load. Two MATLAB programs have been built and used to solve for the load flow solution of 

standard test systems in both steady-state and harmonics cases. The results of the distribution 

system cases studies are presented and shows a very good resemblance with a standard 

results[20]. 
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POWER FLOW ANALYSIS OF A CONTINUOUS PROCESS PLANT: 

(A CASE STUDY):  
 

 For the continuous evaluation of the performance of the power system, power flow solutions are 

essential for exhibiting suitable control actions in case of requirement. This case study presents 

analysis of the electrical power system of continuous process plant having its own captive 

generation along with the provision of the Grid connectivity. The different power system 

elements are modeled as per the manufacturer’s data sheet. To evaluate the steady state 

performance, power flow simulations and analysis of the complex power system for various 

invasive operating conditions are carried out[21]. 

 

Voltage stability assessment using continuation power flow:  

 

This Paper presents voltage stability assessment through P-V curve and bus voltage sensitivity 

factor. It addresses a measure of how close the system is to voltage instability? Active power 

margin is used to measure the distance to instability. Continuation power flow is used to obtain 

P-V curve of power system. Continuation power flow starting with initial operating point and 

increasing load to the maximum loading point. Voltage stability index and weakest bus is found 

from the result. A power system analysis tool is used to run continuation power flow[22]. 

 

Coordinated power flow control by multiple FACTS devices: 

 

This work describes a development of a control system and control strategies capable of 

governing multiple flexible AC transmission system (FACTS) devices[23]. The main purposes 

of the presented coordinated control system are to remove overloads and to achieve specified 

power flows in transmission lines of a power system in the normal and N-1 steady-state 

operational modes. Proposed control strategies are based on heuristic rules; therefore they do not 

require intensive computations. A prototype of a control system has been designed as a real time 

tool constantly monitoring power flows and generating appropriate control signals to each 

FACTS device in order to maintain acceptable power flow levels. It has been interfaced with 

load flow software to test its effectiveness through non-linear simulations using the 380/220 kV 

Swiss power system as the study case. The results obtained are presented[24]. 

 

Calculation of transmission losses from a planning viewpoint 

 

An analytical technique based on statistical methods is developed to evaluate the expected 

difference in the transmission losses, in a defined study area, between two overall systems that 

use two different 500 kV line configurations that are technically and environmentally acceptable. 

A study area is carefully chosen so that essentially all the difference in IR loss between any two 

alternatives occurs in that study area[25]. The annual load duration curve of the entire system is 

used to define the annual generation schedule pattern of the study area. AC load flows are 

performed on a reduced system that has all of the study area represented. Using power 

conservation equation and Maclaurin series, the interface flow is eliminated from the study area 
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loss function. The load-duration curve, which is a reliability function, is expressed as a 

continuous function of the study area load demand. This function is used to derive the probability 

density function of the study area load demand. The annual expected value of the difference in 

the study area losses between two alternatives is evaluated using the above probability density 

function and the derived loss function. Calculated values show very good agreement with those 

obtained with load flow studies[27]. 

 

Convergence regions of Newton method in power flow studies: Numerical studies 

 

Power flow study is a fundamental task of power system operation and planning. Of the several 

methods developed in commercial package for power flow study, the Newton-Raphson method 

is the most successful one. It is however well recognized that the NR method may diverge in 

power flow study[28]. In this paper, we numerically study the convergence regions of power 

flow solutions using Newton-Raphson(NR) method. This study of convergence region is 

motivated by the need to determine an initial guess which converges to one of the power flow 

solution. It will be numerically shown that the convergence region of NR method, if exist, has a 

fractal boundary and is hence sensitive to initial conditions. Several fractal features will be 

investigated considering the convergence regions of power flow at the base case and at various 

loading conditions, and with different load models. An IEEE 14-bus system will be used to 

illustrate the fractal boundary via numerical results[29]. 

 

Inclusion of slack bus in Newton Raphson load flow study 

 

Load flow solution is an inevitable tool for power system planning and operation. Among 

various methods of load flow solution techniques Newton Raphson (N-R) and its derivatives are 

the most popular and widely used ones. In Newton Raphson method one of the generator buses is 

treated as slack bus which is kept out of calculation during iterations. This is because of the fact 

that the slack bus is to carry entire loss of the system and total loss cannot be calculated before 

the end of iterations[29]. The exclusion of slack bus from the load flow iteration restricts many 

analyses to make. Consideration of distributed slack bus, load flow for Micro grids, study on 

minimization of system losses etc. cannot be performed when the slack bus is excluded from the 

iterations. This paper reports the development of a method of including slack bus into the 

Jacobians for N-R load flow study. The method involves formulating the loss equation and then 

devising the formula for the terms to be included with the elements of the Jacobian matrix. The 

modified N-R method is applied to all of the buses and the losses are calculated in each iteration 

and included with the slack bus[30]. The results obtained using the modified method is compared 

with those using conventional method. The agreement of the results confirms the accuracy of the 

developments. 

 

Newton-Raphson method in complex form [power system load flow analysis] 

 

A new algorithm that may be used for the solution of three-phase (or unsymmetrical) power flow 

analyses of both power transmission or distribution systems under unsymmetrical operating 

conditions and power quality problems, is presented. This technique is both new and robust, and 

is developed on the basis of the extension of the Newton-Raphson method and its Jacobian in a 
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complex form, that gives the solutions in a whole phasor format. A comparative example is 

presented to illustrate the convergence characteristics of the proposed numerical method[32]. 

 

Load Flow Analysis with Voltage-Sensitive Loads 

 

This paper conducts load-flow analysis of a five-bus test system containing voltage sensitive 

loads. Generalized equations that are suitable for the voltage sensitive loads and applicable to the 

Newton-Raphson method are developed[33]. Three load flow studies are carried out. In the first 

study, all loads are assumed as constant power loads. In the other two studies, all loads are 

assumed as constant current or constant impedance loads respectively[34]. 

 

AI technique for load flow planning and contingency analysis 

 

An outline is presented of the development process of the intelligent load flow engine. Building 

the engine proceeds from simple to hard tasks by incrementally improving the organization and 

the representation of the knowledge base. Interface programs are designed to provide the 

communication from the engine to a load flow and contingency analysis program[37]. 

 

Load flow analyzes of power system of PETKİM Petrochemical Aliaga complex 

 

This study presents load flow simulations of a big petrochemical plant having both external and 

internal supplying facilities. First its power system is modeled and modeling accuracy is verified 

by comparison the simulation results with the actual measurements for two different loading 

conditions[38]. Then, load flow simulations are performed for four different operation schemes 

and the results are compared with each other from several points of view. Finally, best operation 

configuration and expansion possibilities of the system are discussed[39]. 

 

CONCLUSION:  
 

Load flow studies are important for planning future expansion of power system as well as 

determining the best operation of existing system. The principal information obtained from the 

power flow study is the magnitude and phase angle of the voltage at each bus and the rael and 

reactive power flowing in each line. Load flow analysis will be conducted on 220KV & 132KV 

Lines in the Maharashtra State Electricity Transmission Company Ltd., Solapur District Power 

system Network using MATLAB. Overloaded bus will be identified and suitable measures for 

reducing the overloading can be suggested. Up gradation of substation, tap changing of 

transformer, Static capacitor banks for reactive power compensation, Capacitor bank shifting 

techniques, replacing single circuit’s lines by double circuit’s lines are found to be effective in 

improving the voltage.  
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