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Abstract: This paper presents a load flow algorithm based on the 

backward/forward sweep principle, flexible for radial distribution system 

reconfiguration, with an improvement in ensuring a minimum number of 

searching for connections between nodes in the calculation sequence in the 

forward and the backward sweep, by organizing the radial distribution 

system information into a Main-Line and its derivations. The proposed load 

flow analysis is easy to implement and does not requires the use of any 

complex renumbering of branches and nodes, or any matrix calculation, 

with the only use of linear equations based in the Kirchhoff’s formulation. 
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Introduction 

Distribution networks are radial with large number 

of nodes, branches, distributed generation and 

complex topology configurations, that can be changed 

for maintenance activities, emergency operations or 

network configurations. Due to the high R/X rations, 

transmission grid load flow methods, or the Jacobien-

based methods, such as Newton-Raphson, Gauss-

Seidel and fast-decoupled methods are failed with 

such networks (Alinjak et al., 2016; Dukpa et al., 2009), 

even though with some advancements in the Newton-

Raphson methods, the robustness of the program is 

obtained but still the computational time is large (Ouali 

and Cherkaoui, 2018a; AppaRao and Win Babu, 2013). 
These problems have been revealed in a number of 

papers, where the authors complained that the Jacobien-

based methods were not appropriate to solve practical 
problems presented when analysing distribution systems 

(Díaz et al., 2015; Shirmohammadi et al., 1988) and 

prefer Backward Forward sweep methods. 

Many studies in the field of Backward Forward 

Sweep methods improvement and acceleration have 

been published. 
A direct method can be obtained by developing two 

matrices from the topological structure of the network: 

Bus Injection to Bus Current (BIBC) and Bus Current to 

Bus Voltage (BCBV), the solution is obtained by a 

simple matrix multiplication of BIBC and BCBV 

(Thakur and Dhiman, 2006; Teng, 2003). 

To avoid the use of matrix calculations with large 

dimension matrices in every iterations of the backward 

and the forward sweep process, others methods had been 

developed, with an improvement in ensuring a minimum 

number of searching for connections between nodes, by 

renumbering the nodes and branches (Ghosh and Das, 

1999; Goswami and Basu, 1991), or by organizing the 

radial distribution system information into appropriates 

matrices (Vasquez and Quilumba, 2016), the aim of 

those improvements is to help the load flow program to 

begin at the right buses (the terminal bus of each branch) 

and iterates through the rest of the radial distribution 

system buses in the correct order.  
In this paper, we contribute a new approach of the 

load flow analysis with a method that does not requires 

the use of any complex renumbering of branches, or any 

matrix calculation. The proposed method is an iterative 

procedure based on Backward/Forward sweep algorithm 

with the only use of Kirchhoff’s formulation. From a 

dynamic data of system, a preliminary calculation is 

made to organize the radial distribution information into 
a Main-Line and its Derivations. After the organization 

of the system data information into a suitable model. 

Voltages of all other nodes are set to the nominal 
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voltage and an iterative process start by calculating 

currents of branches in a backward sweep using the 

Kirchhoff’s current law and the node voltages are 

updating in a forward sweep using the voltage drop 

calculation, this backward and forward sweep are repeated 

until voltage magnitudes at each node in present iteration 
and previous iteration is lower than a tolerance limit. An 

IEEE 15-bus radial distribution system is taken as a study 

system for performing the test of the proposed method, the 

results shown are compared with three existing load flow 

methods presented in (Ouali and Cherkaoui, 2018b): 

Primitive Impedance based Distribution Load Flow 

(PIDLF), Current Injections based Distribution Load Flow 

(CIM) and Fast Decoupled Single Matrix Model 

Distribution Load Flow (SMM). 

The main contributions of this paper is presenting 

a simple load flow method to implement, where the 

complex branch renumbering is not needed and it’s 

independent from the first numbering of nodes, the 

reducing flow calculation is obtained by ensuring a 

minimum number of searching for connections 

between nodes and by using only simple algebraic 

expressions without any trigonometric functions or 

matrix calculation. The proposed load flow method is 

valid for radial distribution system with or without 

distributed generations and it’s flexible for the 

network reconfiguration. 
In what follows, we present an overview of the 

medium voltage distribution system in Morocco in 
section II. Next in Section III we provide the theoretical 

foundation and the algorithm, In section IV we discuss 

the results obtained from a 15-bus test system and the 

comparison of the results with other existing load flow 

methods. Section V concludes this paper. 

Moroccan Medium Voltage Distribution 

System 

The Moroccan medium voltage distribution system is 

made of 3 phases, with neutral grounded in the HV/MV 

substation. Two nominal magnitudes voltages are used 

20KV and 22KV. 
Three forms of medium voltage distribution system 

can be distinguished: 100% overhead lines, 100% 

underground cables or a combination of both. 
The underground networks are made of 3 single-

phase cables. The most used topology is the open loop 
(ring configuration) in which each MV/LV substation 
is connected to at least the two others substations, as 
shown on Fig. 1, with rare cases of MV/LV substation 
in antenna. 

The single line diagram of the open-loop topology is 

shown on Fig. 2. 
Several structures exist in Morocco, a very simple 

complete structure can be obtained by having feeders 
from HV/MV substation to another HV/MV substation, 
as shown in Fig. 3. 

The overhead networks are made of three bares 

conductors, the most used topology is the radial 

configuration, as shown on Fig. 4, it’s to highlight that is 

recommended to avoid the use of the rake structure (a 

connection from the main line for each station), which 

weakens the main-line and it’s preferable to grouping as 

many station, into cluster, as possible. (Minimize the 

number of derivations). 

 

 
 

Fig. 1: Open-loop topology 
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Fig. 2: Single line diagram of the open-loop topology 
 

 
 

Fig. 3: A complete structure of the open-loop topology with feeders from HV/MV substation to another HV/MV substation 
 

 
 

Fig. 4: Radial configuration of overhead distribution system 
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A complete structure is obtained by looping-back 

feeders in way to save a large part of the feeder in case 

of incidents or maintenance activities. 
According to these several forms of the Medium 

voltage, it’s possible to separate three types of nodes, as 
presented in Fig. 5: Terminal node, common node and 
intermediate node. 

Algorithm 

From a dynamic Line-Data of the system, a 
preliminary calculation is made to organize the radial 

distribution information into a suitable model, the 

proposed element ordering process is carried out to 

determine the calculation sequence in the forward and 

the backward sweep, by dividing the network into a 

“Main-Line” and its “derivations”. 

The Main-Line, in this paper, is chosen as the longest 

sequence of nodes. It’s to highlight that the Main-Line 

can be chosen according to the need: The most loaded 

line or the line allowing a backup in the case of the open 

loop structure. 

From the Common buses of the main-line, derivations 

are obtained and organized into an appropriate matrix D, the 

form of the matrix D is shown in Fig. 6. 

 

 
 

Fig. 5: Types of nodes 
 

 
 

Fig. 6: Derivation matrix 

 

 
 

Fig. 7: Single line diagram 
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With C1 is the first common node of the main-line 

and C2 the second common node. A table of the 

common buses of the main-line is made to facilitate the 

programming of the proposed algorithm, this table 

contains 5 columns: The common nodes of the main-

line, the next node in the main-line, number of nodes 
linked to the common bus, the number of derivation 

stemming from this common node and the sum of branch 

currents of its derivation. 

After the organization of the Line Data information, 

the next step is to read the Load-Data and convert it into 

a per unit values and set the voltages of all nodes to the 

nominal voltage “1p.u”. 

By preparing the Line Data and the Load Data 

information into a suitable model, an iterative procedure 

based on Backward/Forward sweep algorithms start. 

The backward sweep: This step is based on the fact 

that the complex power is known at each node. Starting 

from the terminal node of each derivation: 
The electric current between the terminal node “n” 

and the next node “n-1”, shown in Fig. 7, is: 

 

*k n n
n k

n

P j Q
J conj

V

 
  

 
 (1) 

 

The electric current between a sending node (n-i) and 

a receiving node (n-i-1) is: 

*
1k kn i n i

n i n rk r
n i

P j Q
J conj J r

V

 
 



 
     

 
  (2) 

 

where, k

n rr
J   is the currents in branches emanating 

from the node “n-i”. 

The forward Sweep: Using the computed current, an 

updating of voltages values start from the root bus, the 

node voltages are updated using the Equation (3): 
 

  1 * *k k k

n n n n nV V R j X J    (3) 

 

This backward and forward sweep is repeated until 

voltage magnitudes at each node in present iteration and 

previous iteration is lower than a tolerance limit. 

The flow chart of the proposed method is given in 

Fig. 9. 

Simulation Results 

The proposed method program code is made in 
MATLBAB and tested on IEEE 15-bus distribution 
network, the Line diagram of this network is shown in 
Fig. 8. The IEEE 15-bus presents similar structure as 
Moroccan medium voltage distribution system, the 
Line-Data is given in Table 1 and a Load-data is 
presented in Table 2, the power factor of load is 
assumed to be 0.7 (Tripathy and Singh, 2004). 

 

 

 
Fig. 8: Single phase diagram of 15-bus distribution system 
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Fig. 9: Flow chart of the proposed method 

 
 
Fig. 10: The matrix of derivations 
 

 
 
Fig. 11: Matrix of the common buses of the Main-Line 
 
Table 1: Load data of the 15-bus system 

Node KVA Node KVA Node KVA 

1 00.0 6 200.0 11 200.0 
2 63.0 7 200.0 12 20.0 
3 100.0 8 100.0 13 100.0 
4 200.0 9 100.0 14 100.0 

5 63.0 10 63.0 15 200.0 

 
Table 2: Line data of the 15-bus system 

Sending node Receiving node R(Ohm) X(Ohm) 

1 2 1.530 1.778 
2 3 1.037 1.071 

3 4 1.224 1.428 
4 5 1.262 1.499 
2 9 1.176 1.335 
9 10 1.100 1.190 
2 6 1.174 1.332 
6 7 1.174 1.332 
6 8 1.174 1.323 
3 11 1.150 1.285 

11 12 1.274 1.522 
12 13 1.274 1.522 
4 14 1.075 1.522 
4 15 1.075 1.522 

 
From the dynamic Line-Data, presented on Table 1, a 

preliminary calculation is made to organize the radial 

distribution information into a suitable model: A “Main-
Line” and its “derivations”. 

The Main-Line, the line containing the largest 

number of successive nodes, of the 15-Bus system is [1 2 

3 11 12 13], with 6 nodes. (as shown in red in the Fig. 11 

N°12) and the three derivations have been identified 

from the common nodes 2 and 3. 

The matrix D is shown on Fig. 10. 

And the matrix of common buses of the main-line is. 

Matrix of common buses of the main-line helps to 

browse all elements of the matrix of derivation “D”, by 

identifying the columns belonging to each derivation. 

The element ordering of the IEEE 15-Bus is 
presented in Fig. 12. 

After the organization of the Line-Data information 

into a Main-Line and its derivations, the next step is to 

read the Load- Data, presented in Table 2 and convert it 

into a per unit values and set all the voltage value of all 

nodes to “1 p.u”. 
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Fig. 12: The Main-Line and its derivation of the 15-bus system 

 
Table 3: Results for IEEE 15-bus system  

Node CIM PIDLF SMM Proposed method 

1 1.00000 1.00000 1.00000 1.00000 

2 0.97128 0.96885 0.97031 0.97017 
3 0.95667 0.95427 0.95571 0.95657 
4 0.95090 0.94852 0.94995 0.95078 
5 0.94991 0.94754 0.94896 0.94977 
6 0.95822 0.95583 0.95726 0.96267 
7 0.95476 0.95237 0.95380 0.95974 
8 0.95694 0.95455 0.95599 0.96115 

9 0.96797 0.96555 0.96700 0.96020 
10 0.96689 0.96448 0.96593 0.95936 
11 0.94995 0.94757 0.94900 0.95202 
12 0.94582 0.94346 0.94488 0.95006 
13 0.94451 0.94215 0.94357 0.94842 
14 0.94860 0.94623 0.94766 0.94926 
15 0.94844 0.94606 0.94749 0.94775 

 

Base voltage and base power are considered as 11KV 

and 100KVA, respectively. 

By preparing the Line Data and the Load Data 

information into a suitable model, an iterative procedure 

based on Backward/Forward sweep algorithms start, the 

convergent criteria is chosen as 0.0001. 
The results obtained was been compared with three 

others existing load flow methods (Ouali and Cherkaoui, 

2018): Primitive Impedance based Distribution Load 

Flow (PIDLF), Current Injections based Distribution 

Load Flow (CIM) and Fast Decoupled Single Matrix 

Model Distribution Load Flow (SMM). The results are 

summarized on Table 3. 

Conclusion 

In this new approach, a load flow program based on 

the backward/forward sweep concept, is used to solve load 

flow problems in radial distribution systems, with an 

improvement in the element ordering that does not 

requires the use of any complex numbering of branches or 

the use of any matrix calculation, simply by devising the 
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system elements into a Main-Line and its derivations, the 

flow calculation is reduced due to the use of only 

algebraic expressions without any trigonometric functions 

or matrix calculation and by ensuring minimum a number 

of searching for connections between nodes.  

The proposed Load flow method is easy to 

implement in the current Moroccan medium voltage 

system, a Load-Data can be obtained and updated by 

the Advanced Metering Infrastructure (AMI), already 

existing and used for consumers connected to the 

medium voltage distribution network in Morocco, the 

needed Data of others loads can be obtained by 

equipping MV/LV substation by digital meters and 

connect them to the Advanced Metering Infrastructure 

network. The Line-Data can be established by 

collecting the impedance of all the branches 

constituting the network, any change in the topology 

structure can be detected manually or by the existing 

SCADA, installed already in HV/MV substation in 

Morocco and used as medium voltage network remote 

control system. 
The proposed method can be exploited in several 

distribution network applications: Voltage control, 

demand side management, energy demand management.  

Limitation of the proposed method is that it can be 

used only for the radial distribution system and, not for 

meshed distribution systems or transmission systems.  
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