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Abstract— Due to the inflating demand of renewable energy 

resources, distributed generations are increasing rapidly. The 

integration of these distributed generation units with the radial 

distribution network must be done wisely to secure system stability. 

Power flow analysis is a mandate for optimum planning of the 

integrated system. The major disadvantage of radial distribution 

network is its high resistance to inductive reactance (R/X) ratio. 

Consequently, conventional methods used for the transmission line 

load flow computation are not applicable in this scenario. Moreover, 

the existing power flow analysis methods for radial distribution 

network are not numerous and need to be explored. The proposed 

algorithm is a fast, efficient, and derivative free simple method for 

solving the power flow problem of a grid-connected radial 

distribution system. It does not require any slack bus unlike the 

conventional load flow analysis methods used for transmission 

systems. In this paper, the detailed mathematical formulation of this 

algorithm along with simulation study on a test bed system is 

developed and a comparative result analysis of this method along 

with other previously castoff methods is carried out to verify the 

effectiveness of the proposed method. 

I. INTRODUCTION 

Due to the diminishing reserve of conventional energy 

resources and their unfavorable environmental impacts, 

renewable energy based distributed generation units and their 

integration with the existing distribution system are on 

topmost demand. For steady-state operation of any system, 

power balancing is the utmost important criterion. The 

generated power, the total power consumed by the loads and 

the system losses must be balanced. The mathematical 

modelling and solution of the system parameters based on the 

power balance at steady-state conditions is called load flow or 

power flow analysis [1]. For optimum integration of the 

distributed generation units with the existing distribution 

system, power flow analysis is a mandate in planning phase. 

In the early researches, substantial exertion had been 

employed for the development of load flow solution 

algorithms of transmission systems [2]. Defiantly, less 

attention was given for the development of load flow analysis 

methods for distribution systems [3–7]. It was observed that 

the conventional methods utilized for transmission systems 

like Newton Raphson method etc., were tedious and the 

results showed divergence when applied to the distribution 

systems [6]. Additionally, the decoupled load flow method 

used for transmission systems was frequently unproductive for 

distribution systems due to high resistance to inductive 

reactance (R/X) ratio. Few researches were found in the 

domain of power flow analysis of radial distribution systems. 

Fast and very fast decoupled methods along with their 

convergence and rate of convergence were verified [8].  A 

new load flow technique for distribution system was 

developed [9]. A line identification scheme along with sparse 

method was explored for fast load flow solution [10]. Current 

injection method (CIM) based distribution load flow, primitive 

impedance- based distribution load flow (PIDLF) and fast-

decoupled single matrix model (SMM) distribution load flow 

methods were briefly discussed and applied on radial 

distribution systems and their comparative analysis was 

accomplished [11]. Backward forward sweep method (BFSM) 

was utilized on different test bed systems, but comparative 

study was not conducted to establish the effectiveness of the 

proposed method [12]. Researchers have focused on load flow 

analysis of uncertain distributed generator integrated 

distribution systems like wind, photovoltaic or biomass etc.in 

the recent researches [13-15].  In [13], complex affine 

arithmetic (AA) has been applied upon Gauss-Seidel method 

for the solution of the load flow problem. A probabilistic load-

flow analysis technique for analysing the impacts of biomass-

fuelled gas engine driven electric vehicles on distribution 

system has been investigated [14]. In [15], a probabilistic 

harmonic load flow analysis technique based on data 

clustering has been developed. An improved BFSM (IBFSM) 

method is introduced and comparative analysis of the results is 

performed with the various previously proven methods like 

CIM, PIDLF and SMM. But the comparative analysis does not 

include the conventional BFSM method [16]. In this paper, the 

fast, efficient, divergence free simple BFSM algorithm is 

presented for the power flow analysis of the radial distribution 

network. There is no need for slack bus contrasting the 

conventional load flow analysis methods adopted for 

transmission systems. It directly manipulates the currents 

flowing through the entire network by using simple network 

equations. The proposed algorithm is applied on IEEE 15 bus 
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radial distribution network to validate its effectiveness on any 

radial distribution network. Comparative result analysis of the 

proposed method along with several previously proven 

methods including the IBFSM for solution of the power flow 

problem involving the same test network is performed. The 

investigation reveals the superiority of the proposed method.  

II. MATHEMATICAL MODELLING 

Before the development of the proposed BFSM algorithm, a 

simple mathematical model has been developed. 

 

 
             Fig. 1(a) Line connected with end nodes of main feeder or lateral 

 

 

 
 
Fig. 1. (b) Line connected in between the intermediate nodes of main feeder 

or lateral 

 

 Fig. 1(a) represents the line connected to the end node of 

main feeder or lateral. Fig. 1(b) shows the the line connected 

in between the intermediate nodes of them, where the n
th

 node 

is further connected with the succeeding node of the main 

feeder or lateral with/without connection with laterals or 

sublaterals. , , ,  and , , ,  are the node 

volatge, load current, active and reactive powers of the m
th

 and 

n
th

 nodes respectively.  is the line current flowing in 

between the m
th

 and n
th

 nodes.  is the impedance of this 

line. 

 

From Fig. 1 (a),                                                      (1) 

 

where, n
th

 node is the end node. 

 

On contrary, from Fig. 1 (b), 

 

                                                         (2) 

 

where n is an intermediate node. It is the junction point of the 

succeeding feeder or lateral node with/without other 

connecting lateral or sublateral nodes coming out from the n
th

 

node.  is the summation of all currents coming out of 

the n
th

 node. 

 

III.  BACKWARD FORWARD SWEEP METHOD (BFSM)    

The proposed algorithm consists of two parts: backward 

sweep and forward sweep. In backward sweep, currents of the 

entire network (all line and load currents) are premeditated. 

After getting all currents, the forward sweep is introduced to 

calculate all the node voltages of the system. Fig. 2 shows the 

flow chart of the proposed power flow analysis algorithm. 

 

The detailed steps of implementing this algorithm are given 

below:   

A. Initialization of Parameters 

Before starting the proposed method, some arrays must be 

taken and initialized for running the algorithm. Impedance of a 

line connected in between nodes m and n is articulated as, 

                                                      (3) 

 

where,   and  .  .  stands for the 

total number of system nodes. If there is no physical 

connection or line in between any two nodes of the system 

under consideration, the corresponding   value will be 

 pu. Z matrix holds the line impedance data.   

is an element of Z matrix. 

Two three-dimensional matrices V and I are formed 

beforehand to hold the voltage and current data generated in 

successive iterations of the proposed power flow algorithm. 'it' 

denotes the current iteration number. The range of 'it' is 

, where  signifies the 

maximum  iteration number. Initialization of the 0
th

 iteration 

values of the volatges and currents are accomplished by 

storing   and  pu inside the V and I 

matrices for all elements. 
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                       Fig. 2. Flow Chart of Backward Forward Sweep Method 

B. Backward Sweep 

After initialization of the arrays and matrices required for 

running the proposed algorithm, the backward sweep is 

started. This step is used to calculate all the line and load 

currents of the network and the calculation gets started from 

the end nodes and gradually proceeds towards the starting 

node.  

The syntax used for calculating the n
th

 node’s load current is: 

 

 for    

          

                                                    (4) 

 

where,  

 

 presents the load current flowing from the n
th

 node for 

the ongoing iteration. It is stored inside the n
th

 row and n
th 

  

column of the (it+1)
th

 third dimension index location of the I 

matrix.  denotes the n
th

 node voltage of preceding 

iteration and is stored inside the n
th

 column of the it
th

 third 

dimension index location of the V matrix. After receiving all 

load currents of the network, the next step is to find out all the 

line currents. The line currents of the distribution network are 

calculated by equation (5). 

 

                                    (5) 

 

 is the line current flowing in between nodes m and n 

for the ongoing iteration. It is the m
th

 row, n
th

 column and 

(it+1)
th

 third dimension index element of the I matrix. r 

signifies all other nodes connected with the n
th 

node in the 

forward direction and .  is the 

summation of all the line currents for the lines connected with 

n
th

 node in forward direction of the distribution network for 

the ongoing iteration. to  are the discrete values taken by 

r, depending on the network configuration. All deployed load 

and line currents are stored inside the I matrix. The elements 

of the three-dimensional I matrix will be updated if nodes m 

and n are physically connected within the distribution 

network. Otherwise, its value will remain as it is [ , 

initialized value]. The 0
th

 iteration values of the currents are 

stored inside the first third dimension index location of the I 

matrix. 

C. Forward Sweep 

After calculating all currents of the network by backward 

sweep, forward sweep is incorporated for calculating all the 

node voltages. This process proceeds in the forward direction 

while calculating the node voltages.   

The syntax used for calculating the n
th

 node voltage for the 

ongoing iteration 'it' of the power flow algorithm is:    

 

for  

    

                             (6) 

 

where,   and    

 

After completion of the forward sweep process, all the 

network currents and node voltages are known for the ongoing 

iteration. At that point, the stopping criterion for this iterative 

algorithm is checked and if it is not satisfied, the next iteration 

is initiated. After completion of the algorithm, active and 

reactive power losses of the lines and power flow from the 

nodes can be calculated as per requirement. 

IV. RESULTS AND DISCUSSION 

The proposed method is applied on IEEE 15 bus radial 

distribution system to find out network voltages, currents, 

active and reactive power losses. The results are compared 
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with that of the previously proven power flow analysis 

methods. 

 
Table 1.  Comparative analysis of the node voltage profile of the 

proposed method with the other previously proven power flow 

methods 

 

Table 2.  Other network parameters of the test network obtained from 

the proposed power flow method 

 

From the results obtained in Table 1, it is observed that the 

proposed method is giving better results in terms of voltage 

magnitudes while compared with current injection method 

(CIM) based distribution load flow, primitive impedance- 

based distribution load flow (PIDLF) and fast-decoupled 

single matrix model (SMM) distribution load flow methods 

[16]. But comparison with the very recently developed IBFSM 

method [16] reveals that the voltage drooping is less in the 

main feeder nodes as well as the nodes associated with two 

lateral branches (nodes 9,10 and 15) in case of the proposed 

method. For the other two laterals branches, the node voltages 

are slightly less, though they are in tolerance limits. As the 

voltage deviations in the main feeder nodes are less compared 

to the other methods mentioned in [16], it can be urgued that, 

the proposed method is more suitable than that of the other 

proven methods in terms of voltage profile of the distribution 

network. From Table 2, it is observed that the line currents 

and power losses are also within moderate range. The results 

establish the superoirity of the proposed method.    

V. CONCLUSION 

In this proposed work, a power flow analysis algorithm named 

backward forward sweep method is castoff to resolve the 

power flow issue in radial distribution systems which is 

essential for distributed generation integration planning. The 

proposed method can be readily used in collaboration with any 

efficient optimization technique for optimum size and location 

identification of these units within the integrated system. The 

proposed method follows a fast, efficient, divergence free 

simple technique. Unlike the conventional load flow analysis 

methods used for transmission lines and few previously 

established power flow methods utilized for the distribution 

systems, it does not necessitate any complicated numbering of 

branches, complex matrix calculation and solution of 

differential equations. The proposed load flow method is easy 

to device. The results obtained from the proposed method are 

compared with that of the earlier methods and found to be 

giving superior outcomes. 
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