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Abstract— This review paper is based on the various 

methodology for load flow analysis used in distribution 

system. Distribution systems hold a very significant position 

in the power system since it is the main point of link 

between bulk power and consumers. Effective planning of 

radial distribution network is required to meet the present 

growing domestic, industrial and commercial load day by 

day. Load flow studies in distribution systems are used to 

ensure that optimum electrical power transfer from sub-

station to consumers. Power flow studies provide as 

systematic mathematical approach for determination of 

various bus voltages, there phase angle active and reactive 

power flows through different branches, generators and 

loads under steady state condition. This paper compares 

different techniques used in distribution system load flow. 
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I. INTRODUCTION 

Distribution Systems plays a key role in the power system, 

since it is the main point of link between bulk power and 

consumers. A planned and effective distribution network is 

the key to cope up with the ever increasing demand for 

domestic, industrial and commercial load. The well-known 

characteristics of an electric distribution system are: 

 radial or weakly meshed structure; 

 multiphase and unbalanced operation; 

 unbalanced distributed load; 

 extremely large number of branches and nodes; 

 wide-ranging resistance and reactance values. 

Those features cause the traditional load flow 

methods used in transmission systems, such as the Gauss-

Seidel and Newton-Raphson techniques, to fail to meet the 

requirements in both performance and robustness aspects in 

the distribution system applications. The fundamental load 

flow analysis is the most important work for power system 

operation and planning. The transmission system is always 

treated as balanced three phase system. However, the 

balanced analysis method is not suitable for unbalanced 

distribution system. Therefore, the three-phase approaches 

are required for distribution system load flow studies 

[3].The load-flow study of radial distribution network is of 

prime importance for effective planning of load transfers. 

Load flow technique is very essential tool for analysis of 

power systems and used in operational as well as planning 

stages. Certain applications, particularly in distribution 

automation and optimization require repeated load flow 

solutions. Separate feeders  radiate from a single substation 

and feed the distributors at only one end is called radial 

system. Radial distribution is the type of power distribution 

where the power is delivered from the main branch to the 

sub branches then it split out from the sub-branches again as 

seen in fig 1.[1]. 

Load flow calculation is one of the fundamental 

tools for power system operation analysis and planning, by 

allowing the simulation of the system steady state operation 

for a specific set of generation and load values. The most 

common approach to solve the load flow problem is the use 

of deterministic values for the input variables. For this 

situation, the obtained results are also deterministic and 

unique. This model is commonly known as the deterministic 

load flow (DLF). When the system representation involves 

the existence of uncertainty in its variables, its solution is 

usually faced by means of multiple DLF calculations. For 

example, this situation arises when network data are located 

in a certain range or the exact value for loads/generations is 

unknown. The load inaccuracy can be originated in midterm 

projections due to inaccurate forecasts of prices, regional 

developments, and industry location. Uncertain generations 

can be produced by machines with variable energy source 

such as the wind and hydro power plants. Although the 

strategy of performing multiple cases is valid and commonly 

used in the industry, this task implies the use of a huge 

computational effort and its related man-hours, which are 

desirable to reduce.[11] 

The Network Topology method uses two matrices, 

viz. bus injection to branch current (BIBC) and branch-

current to bus-voltage (BCBV) matrices, to find out the 

solution [1]. In the paper [6] for an unbalanced radial 

distribution system, the proposed load flow algorithm 

requires formation of bus-injection to branch current (BIBC) 

matrix with 1’s & 0’s as elements and branch-current to bus 

voltage (BCBV) matrix with primitive impedances as 

elements & distribution load flow (DLF) matrix. DLF 

matrix is obtained as product of (BCBV) - (BIBC) matrices. 

These three matrices require large memory space when the 

proposed method applied for bigger distribution system. 

Further, these three matrices contain more number of zero 

elements and hence memory space is not utilized 

economically, especially for large size distribution 

networks. Another negative aspect of it is that, to obtain a 

load flow solution it needs direct multiplication of BCBV & 

BIBC matrices and DLF & ‘current Injection column 

vector’ matrices. This requires sufficiently large CPU 

timeThe Forward-Backward Substitution [3] and Ladder 

Network theory based on approaches trace the network to 

and fro from its load end to source end.The purpose of the 

backward sweep is to update branch currents in each 

section, by considering the previous iteration voltages at 

each node[8].Similarly the purpose of the forward sweep is 

to calculate the voltages at each node starting from the 

source node[9]. 

II. ARTIFICIAL NEURAL NETWORK METHOD 

The use of neural networks offers the following useful 

properties and capabilities: 
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1) Non Linearity 

A neural network, made up of an interconnection of 

nonlinear neurons, is itself nonlinear. Moreover, the non 

linearity is of a special kind in the sense that it is distributed 

throughout the network. Most real systems, including power 

systems are nonlinear, so this property is very desirable for 

its application in power systems. 

2) Input-Output Mapping 

A popular pattern of learning called learning with a teacher 

or supervised learning involves modification of the synaptic 

weights of a neural network by applying a set of labelled 

training samples or task examples.  Each example consists 

of a unique input signal and a corresponding desired 

response. The network learns from the examples by 

constructing an input-output mapping for the problem. In 

power system voltage security analysis, the traditional 

approach's which are widely used to generate those training 

samples. 

3) Adaptively 

Neural networks have a built-in capability to adapt their 

synaptic weights to changes in the surrounding environment. 

In particular, a neural network trained to operate in a 

specific environment can be easily retrained to deal with 

minor changes in the operating environmental conditions. 

Moreover, when it is operating in a no satisfactory 

environment, a neural network can be designed to change its 

synaptic weights in real time. 

4) Fault Tolerance 

A neural network has the potential to be inherently fault 

tolerant in the sense that it performance degrades gracefully 

under missing or erroneous data. The reason is that the 

information is distributed in the network; the errors must be 

extensive before catastrophic failure occurs. 

Based on the various benefits of neural networks 

discussed above, a multi-layer feed–forward ANN consists 

of an input layer, one hidden layers, and an output layer was 

developed to perform the distribution load flow. Appropriate 

selection of input variables is the key to the success of ANN 

applications. Usually heuristic knowledge is required in 

choosing input variables. For distribution load flow type 

problems, loads at various buses play important role in the 

final solution. Hence, in this problem load at various buses 

are considered as inputs to the neural network. The number 

of neurons in the hidden layer depends on the number of 

training vectors and the number of unknown weights and 

biases to be evaluated. Computational power of the ANN is 

a result of the addition of hidden layers. But there are no 

general guidelines to determine the number of hidden layers 

and neurons. The determination of the output layers is quite 

straight-forward and depend on the number of outputs 

required from the solution. In their work, the output of the 

solution are the voltage magnitudes only. Hence, the number 

of output neurons are equal to the size of the system under 

consideration. 

5) Training of the ANN 

Every ANN requires proper training before actually 

implemented in the systems. The training of the neural 

network requires patterns from the existing methods. A 

pattern is a set of inputs and corresponding outputs. In their 

work, various patterns were developed by using 

conventional forward/backward sweep algorithm. Two types 

of training patterns were developed in their problem. One by 

changing the loads at all the buses by small increments in 

each step from 80% of the base case loading to 120% of the 

base case loading, and the second by changing the loads 

randomly between ±20% of the base case loadings. Around 

600 to 700 patterns are developed for each system. Among 

all the patterns, 80% are used for training and 20% are used 

for testing the network.[10] 

Distribution load flow was developed using 

Artificial Neural Networks which is suitable for balanced 

and unbalanced networks. Here the execution time required 

is less and is suitable for online application. 

III. FORWARD AND BACKWARD SWEEP METHOD 

Let us consider a simple distribution radial network fig. 1. 

The backward/forward sweep method for the load-flow 

computation is an iterative method in which, at each 

iteration two computational stages are performed. The load 

flow of a single source network can be solved iteratively 

from two sets of recursive equations. The first set of 

equations for calculation of the power flow through the 

branches starting from the last branch and proceeding in the 

backward direction towards the root node. The other set of 

equations are for calculating the voltage magnitude and 

angle of each node starting from the root node and 

proceeding in the forward direction towards the last node. 

A. Forward Sweep 

The forward sweep is basically a voltage drop calculation 

with possible current or power flow updates. Nodal voltages 

are updated in a forward sweep starting from branches in the 

first layer toward those in the last. The purpose of the 

forward propagation is to calculate the voltages at each node 

starting from the feeder source node. The feeder substation 

voltage is set at its actual value. During the forward 

propagation the effective power in each branch is held 

constant to the value obtained in backward walk. 

B. Backward Sweep 

The backward sweep is basically a current or power flow 

solution with possible voltage updates. It starts from the 

branches in the last layer and move towards the branches 

connected to the root node .The updated effective power 

flows in each branch are obtained in the backward 

propagation computation by considering the node voltages 

of previous iteration. It means the voltage values obtained in 

the forward path are held constant during the backward 

propagation and updated power flows in each branch are 

transmitted backward along the feeder using backward path. 

This indicates that the backward propagation starts at the 

extreme end node and proceeds towards source node. It is 

well known that there exist three main variants of the 

forward/backward sweep method that differ from each other 

based on the type of electric quantities that at each iteration, 

starting from the terminal nodes and going up to the source 

node (backward sweep), are calculated. [9] 

The special topological characteristics of 

distribution networks have been fully exploited to make the 

solution possible. A branch injection to branch current 

matrix is formed (BIBC) [1]. 

For bus-i, the complex load Si  is expressed as, 

Si=Pi +Qi                                              (1) 
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Where i=1, 2, 3, ……,n And the corresponding 

equivalent current injection at the kth iteration of solution is 

Ii
k = ((Pi + Qi)/Vi

k)k
*                                      (2) 

Where Vi
k and Ii

k are the bus voltage and 

equivalent current of bus- ith and the kth iteration 

respectively. Form equation (2), obtained current injections 

and current can be obtained by applying Kirchoff’s current 

law (KCL) to the distribution network. The branch injection 

to branch current (BIBC) can be calculated by the following 

method. 

Branch currents can  then be formulated as function 

of equivalent current injections. For example, the branch 

currents B1, B3 and B5 can be expressed as: 

B1 = I2 + I3 + I4 + I5 + I6 

B3 = I4 + I6 

B6 = I6            (3) 

 
Fig. 1: Simple Distribution System 

        (4) 

[B] = [BIBC][I]                         (5) 

Where BIBC is bus current on to branch current 

injection matrix. The BIBC matrix is a upper triangular 

matrix and contains values of 0 and +1 only[8]. 

The ill-conditioned problem that usually occurs 

during the LU factorization of the Jacobian matrix or Y 

admittance matrix is eliminated in this solution technique. 

Hence, the proposed method is both robust and efficient. 

IV. FUZZY LOGIC BASED METHOD 

In distribution system planning study, the operating 

condition (loads at various buses) is obtained from a load 

forecast. Such a forecast is always subject to some error, 

which may not be of statistical type. Moreover, the voltage 

dependent load model parameters can never be specified 

with complete certainty due to well-known difficulties. 

Uncertainty in network parameter values can arise due to 

imprecise data used in modeling inductance and capacitance 

calculation and ageing of system components. Resistance 

parameters can also undergo variation due to temperature 

changes. 

In the fuzzy logic based method, a matrix similar to 

Jacobian inverse is directly evaluated, in an efficient 

manner. The method can handle simultaneous presence of 

several uncertainties in input variables such as network 

parameters, load model coefficients, load forecast, and bus 

shunts. This uncertainty is usually of non statistical type due 

to practical difficulties in data acquisition in large and 

complex distribution systems. Although it is difficult to 

provide exact values of these variables, it is relatively much 

easier to provide a possibility distribution of these variables. 

As these input data substantially affect the results of the 

network analysis, it is important to have some idea as to 

how uncertain the results are if some inputs can be only 

roughly assessed. Fuzzy algebra can be used to model the 

uncertainties in output variables in the presence of 

uncertainties in the input variables [4]. 

The network performance variables considered for 

distribution system are voltage magnitude of buses, branch 

currents and system real power loss which are treated as the 

output variables of the fuzzy distribution power flow 

solution. 

The algorithm for fuzzy distribution load flow is as 

follows: 

1) Step 1- Perform crisp power flow solution with central 

values of input variables and identify the output 

variables of concern. 

2) Step 2- Select a variable of concern out of the list 

prepared in step 1. 

3) Step 3- Select the breakpoint of interest for the variable 

selected in step 2. 

4) Step 4- Select the input vectors for the breakpoint 

selected in step 3 using the signs of the row elements 

(corresponding to the output variable) in the matrices. 

5) Step 5-Using the selected input variables, evaluate 

updates and update state variables. 

6) Step6-Check for convergence of bus power mismatch   

vector. 

7) Step 7- If converged, go to step 9. 

8) Step 8. Evaluate matrices and bus powers using latest 

state variables, and then, go to step 4. 

9) Step 9. Evaluate the breakpoint value, and check 

whether all the breakpoints of the present variable 

under consideration are evaluated. 

10) If not, go to step 3. Check whether all the variables of 

concern are evaluated. 

11) If completed, stop; otherwise, go to step 2. 

This method is best suited for obtaining breakpoints of the 

fuzzy distribution of a few variables of concern identified by 

the crisp power flow solution[8]. 

V. NOVEL BASED METHOD 

The novel technique developed is suitable for unbalanced 3-

phase radial distribution systems. The analysis proceeds 

from one branch to another in a systematic way until all the 

branches in the feeder have been traced. First, the voltages 

at all the buses, except the source bus, are assumed to be 1 

p.u., with zero angle at phase a, +120◦ on phase b, and 

−120◦ on phase c. Based on these voltages and specified 

active and reactive power, simultaneously, the branch 

currents, starting from the end buses to the source, are 

calculated and saved. Then, branch currents, including the 

return-conductor current, are computed in order to find the 

active and reactive power losses in the system. The current 

at the source end is now calculated as follows: 

Ia = ((∑P + ∑Ploss)  + j(∑Q + ∑Qloss) ) / VSa
* 

Ib = ((∑P + ∑Ploss)  + j(∑Q + ∑Qloss)) / VSb
* 

Ic = ((∑P + ∑Ploss)  + j(∑Q + ∑Qloss )) / VSc
* 

Id = -Ia – Ib – Ic                       (6) 

Where ∑P and ∑Q are the sum of loads, on phase 

m, ∑Ploss and ∑Qloss are the total losses in phase m, and VSm
* 

is the conjugate of source voltage on phase m. The 

computation then proceeds from the source to the end of the 

feeder to find the voltage drop, current, and loss in each 

branch in each phase of the feeder, including the return 
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conductor, in a systematic manner. The branch incidence 

table is again used to facilitate proper retracting of the 

network branches. Once this process is completed, the total 

losses are calculated and compared to the values initially 

obtained by assuming one per unit voltage at all the buses. If 

the difference is outside the specified tolerance limits, the 

source current is re-computed using eq. (6), in terms of the 

newly obtained values for losses, and the path retracting 

operation is repeated. The process is repeated until the 

difference in losses between 2 successive values of the 

source current is within the specified tolerance limits. The 

feeder is represented by its unbalanced 4-line representation  

shown in the i-th branch in fig. 2. 

 
Fig. 2: Four-line representation of each branch in an 

unbalanced distribution feeder 

The voltage drop in each branch is then calculated by: 

              (7) 

And the losses in each branch are calculated by: 

            (8) 

 

Fig. 3: Flowchart for the proposed t 3- phase load flow 

Method. 

This method is based on the formation of a constant 

matrix based on the network topology, which is required to 

be formed only once. This method does not involve any 

complex mathematical routines, nor does it require any 

matrix inversion. Implementation and results showed that 

this development is simple, accurate, fast, reliable, and has 

low storage requirements. It can also be used for on-line 

control applications[5]. 

VI. OPTIMAL POWER FLOW METHOD 

In distribution systems terminology, the lines are normally 

denominated as feeders, and these may be composed by one 

or several branches. 
Fig. 4 illustrates a branch represented by the π-

equivalent model, with a switch embedded. The switch is 

modelled using a continuous variable for the representation 

of its position, which can assume any value between 1 

(totally closed) and 0 (totally open). These limits will be 

represented in OPF through a canalization restriction. 

An open switch is simulated by assigning a value 

close to zero to xkm, and this value is multiplied by the 

corresponding line parameters (g and b). The resulting small 

admittance will mean that the impedance will assume a high 

value, and thus, the line will behave as a fictitious branch. In 

this way, the network is always connected, and the nodal 

impedance matrix will not be singular. 

 
Fig. 4: Equivalent model of the switch 

The concept of fictitious branch was proposed 

originally by Monticelli to assist in the solution of the 

transmission expansion problem. He added fictitious 

reactances having high values, e.g.,104, to the original 

system. 

The switches that assume values of xkm close to 

one, as calculated by OPF, will indicate that power will 

naturally tend to flow through them, thus allowing the 

discovery of power flow path. The final decision concerning 

a switch position (on/off) is taken using a new procedure 

based on the switch sensitivity given by the OPF. Virtually 

any continuous function that approximates the step 

introduced by the switch status function could be 

adopted[2]. 

A. Proposed Method 

1) Step 1-Set Up Maneuverable Switch List. 

Initially, a maneuverable switch list (MSL) is set up.This list 

must contain all the switches of the system that should be 

considered in the optimization procedure. The proposed 

solution method starts with a meshed distribution system 

obtained by considering all switches closed. 

2) Step 2-Optimum Power flow Calculation. 

The OPF will provide the values of for all the maneuverable 

switches. In order to reduce the number of power flow 
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solutions required in Step 3, a subset of  switches can be 

chosen. This subset is called CSL and contains the closest to 

zero switches. Experience with the algorithm has shown that 

a subset, consisting of twice the number of normally open 

switches that are required to ensure radiality, is adequate. If 

the solution is not feasible (OPF does not converge), the 

adopted constraints mus tbe analyzed, as well as the weights 

of the objective function. 

3) Step 3-Power flow Calculation. 

In this step, network configurations are produced in such 

way that, for each one of them, only one switch I closed. 

The configurations are identified by the number of the 

(i<=n) is open, whereas all the remaining switches are 

corresponding switch. Each configuration i is tested, and if a 

connected network is obtained (when switch i is open), a 

nonlinear power flow is calculated. If the network is not 

connected, or if any constraint (voltage and power flow 

limits) is violated, the configuration is considered not 

feasible, and the algorithm will move on to the next 

configuration. For any given feasible network configuration 

i, the total power losses in the system are calculated and 

stored in the loss classification list. The switch i is then 

closed, and the above steps are repeated until all 

configurations are processed. 

4) Step 4 - Definitely Open The Switch That Produced 

Minimum Loss Increase. 

The loss classification list is used to determine the 

configuration that has resulted in the smallest increase in the 

losses; let this configuration be k .Thus, switch k is selected 

to remain open definitively. 

5) Step 5-Update MSL 

After the definitive opening of a certain switch k, the MSL 

must be updated (update z ) in such a way that switch is 

removed, as well as all the switches pertaining to the loops, 

because their openings would lead to disconnected systems. 

6) Step 6) Algorithm loop 

The above procedure is applied in sequence to the updated 

MSL, up to the point when the MSL becomes empty, which 

means that all loops have been broken or, in other words, the 

system has become radial. Thus, while MSL is not empty, 

return to Step 2. 

The performance of the heuristic-OPF algorithm 

has been considerably enhanced and can be applied to real 

distribution networks. 

VII. CONCLUSION 

This paper gives an overview of the various load flow 

techniques of the weakly meshed distribution system which 

are very efficient. The various classical methods are not 

having sufficient convergence criterion for solving the large 

distribution system. The modification in the algorithm of 

this method has been discussed. 
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