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Introduction
Load flow analysis is a crucial task in power systems control as it helps in the computa-
tion of voltages at each node and currents at each branch [1]. The load flow method 
results carry important information about the power system; many analysis would not 
be possible without it. Applications of load flow methods reduce the needs for additional 
investments in sensors and communication infrastructure in power systems. Load flow 
results are included in various tools which monitor, analyze and control the power sys-
tem. Load flow analysis is directly or indirectly used in various power system applica-
tions such as distributed generator and capacitor placements [2–4], economic dispatch 
[5, 6], power quality improvements, network reconfiguration and service restorations 
[7, 8], power systems optimization and other applications. Different load flow methods 
have been devised for power flow analysis in both distribution networks and transmis-
sion network. The power flow analysis commonly used in distribution networks includes 
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backward/forward sweep (BFS) and direct load flow (DLF) methods. Newton Raphson 
method [9], Gauss [10] and fast-decoupled methods [11] are mostly used in power trans-
mission systems.

The load flow methods used in a power transmission network may not work effi-
ciently in distribution networks due to the high resistance (R) to reactance (X) ratio. 
Few researchers have tried to improve the Newton-Raphson method for the distribution 
networks applications; however, it has a high computation time [12]. The backward/for-
ward sweep proposed by [13, 14] is efficient for power distribution systems; however, it 
requires node or branch renumbering when applied in operations that involve networks 
with dynamic topology structures (e.g., network reconfiguration problems) [15]. Such 
techniques work well for static networks where the network topology does not change, 
such as optimal distributed generation placement or capacitor placement in a radial dis-
tribution network [16]. Direct load flow method initially proposed by [17] is based on 
the computation of two matrices, namely branch injection branch current (BIBC) and 
branch current bus voltage (BCBV) and finally computation of DLF matrix, which is 
the multiplication of BIBC and BCBV. The DLF results in faster computational time as 
compared to the BFS method, but it also requires network renumbering during network 
reconfiguration.

Unlike [17] which involves two matrices for converting bus injection current to branch 
current in the backward sweep and conversion of branch current to bus voltages in the 
forward sweep, the study done by [18] proposed a technique that uses a single load cur-
rent to bus voltage (LCBV) matrix to perform both backward and forward sweeps load 
flow calculations in a single step. The use of LCBV introduces flexibility, resulting in a 
load flow method that accommodates any change in network structure due to recon-
figuration. However, its application in large systems may not be efficient due to the use 
of matrices arithmetic. Significant efforts have also been made to improve the BFS and 
eliminate the need for network renumbering due to the increased number of nodes from 
the original network. A study by [1] proposed an approach based on BFS in which the 
network renumbering is eliminated by identifying common nodes, terminal nodes and 
intermediate nodes followed by the construction of main and derivative matrices.

This paper proposes an improved BFS approach for power flow analysis in a radial dis-
tribution network. The strength of the proposed approach lies in its simplicity to imple-
ment and its independence on node renumbering and network reconfiguration. The 
proposed algorithm has alleviated node numbering dependence by taking advantage of 
the structure of a radial distribution network and the use of depth search concepts. Net-
work reconfiguration is associated with the addition or removal of nodes or connection 
of multiple network segments. In such cases, a mechanism for restructuring one of the 
connecting networks without renumbering its nodes has been proposed and featured in 
the proposed load flow method to handle network reconfiguration problems.

The rest of this paper is organized as follows. “Study justification” section presents 
problem formulation and background information of Tanzania Electric Supply Company 
(TANESCO). “Methods” section describes the theoretical background and mathematical 
presentations of the conventional backward/forward sweep load flow method, the proposed 
load flow method, network depth concepts, and techniques for handling network recon-
figuration. “Results and discussion” section  presents results and discussion for considered 
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cases and compares the proposed load flow method with other existing methods. “Conclu-
sion” section concludes this paper and highlights the areas for future works.

Study justification
Tanzania Electric Supply Company (TANESCO) Limited is the only company that deals 
with the generation, transmission and distribution of electricity in Tanzania. TANESCO 
owns the interconnection power grid made up of generation, transmission and distribution 
system [19]. According to [20], the TANESCO’s transmission system comprises fifty-seven 
(57) substations interconnected by transmission lines and 11,124 distribution transformers 
with 17,021 km of 33 kV lines, 5,375 km of 11kv lines and over 34,513 km of low-voltage 
(LV) lines. This information justifies how vast is the distribution network as compared to 
the transmission network. The distribution network supplies electricity at two voltage lev-
els, the medium voltage (MV) with 33 kV or 11 kV and LV with 380V for three phases and 
230V for single phase. The MV is used at the primary distribution network, and LV is used 
at the secondary distribution network. Both primary and secondary distribution networks 
are operated radially. In Tanzania power system, the primary distribution network is auto-
mated but there is no automation in secondary distribution network [21–24].

The single-line diagram for the Tanzania secondary distribution network is shown in 
Fig.  1. The secondary distribution network comprises a three or a single-phase network 
with a neutral conductor. Single distribution transformers save loads in the secondary dis-
tribution networks; thus, a radial power flow analysis is used for identifying power system 
parameters. The secondary distribution network is not static as it grows as new custom-
ers are connected to the network. The data collected from the utility company in Tanzania 

Fig. 1  Single-line diagram for Tanzanian power distribution network [13]
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from January 2015 to September 2019 has revealed the customers’ growth rate of 32% per 
year, as shown in Fig. 2. This growth rate is significant for the distribution network and has 
impacts on the load flow methods. The network growth cause changes in the topology due 
to network reconfiguration during service restoration and when new customers are added. 
Also, in such network, nodes are numbered arbitrarily. 

Most of the available load flow methods, such as conventional BFS, DLF and CIM, 
depend on node numbering schemes. Other available methods involve partitioning the net-
work and the use of matrices multiplications. Considering the distribution network dyna-
micity caused by network expansion and network growth, most of these available load flow 
methods may not be efficient. Also, considering the nature of primary and secondary dis-
tribution networks characterized by multiple connections with a large number of nodes, 
methods that involve matrices multiplications may be computationally ineffective. Power 
flow methods that can accommodate network reconfiguration without requiring node 
renumbering are essential for efficient power flow analysis in both primary and secondary 
distribution networks. Therefore, the improved power flow method in this paper forms the 
baseline for automating the power distribution networks.

Methods
Conventional backward/forward sweep method

The electric power distribution system is characterized by heavy loading conditions at 
some buses and a high R/X ratio, unbalanced load and mostly radial topology. Many power 
flow methods have been designed and proved to work efficiently for transmission systems 
[9–11]. However, the design assumptions considered for power flow methods in transmis-
sion networks are not suitable for power flow analysis in radial distribution networks due to 
their convergence, memory requirements and computational efficiency.

Load flow solution that fits the requirements for a radial distribution network has been 
proposed [25–28]. The backward/forward sweep (BFS) is among the most successful power 
flow methods for radial networks [29, 30]. The variants of BFS methods have been reported, 
such as the current summation method, power summation method and admittance sum-
mation method [13]. The basic operation principle of BFS involves two computation pro-
cesses at each iteration. The backward process involves the power or current flow solutions 
starting from the branch of the end nodes moving toward the branch connected to the 
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Fig. 2  Tanzania electric network growth
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reference node. The forward sweep calculates the voltage at each node starting from the 
reference node to the end nodes. During the backward sweep, the voltage is held constant, 
and during the forward sweep, the current or power value is held constant [31, 32]. After 
each iteration, the power flow convergence is tested. The first step of BFS is a calculation of 
node/bus injection current which can be calculated using Eq. (1).

where I (k)i  is the injection current at node i on iteration k, Si is the power injection at 
node i and V (k−1)

i  is the voltage of node i at iteration k − 1.
The second step is the backward sweep which is performed using Eq. (2) starting from 

the last ordered branch from the root node.

where J (k)i−1,i is the current of the branch connecting node i to its upstream node i − 1 and 
∑

(J
(k)
i,i+1 is the sum of all currents of branches emanating from node i.

The next step is forward sweep which calculates currents for each node using Eq. (3).

where V (k)
i  is the voltage of node i at iteration k and V (k)

i−1 is the voltage of the immediate 
upstream node of node i, J (k)i−1,i is the current of branch connecting node i to its immedi-
ate upstream node and Zi−1,i is the impedance of branch connecting node i to its imme-
diate upstream node.

The most common stopping criteria for BFS are the convergence of voltage magni-
tudes obtained by tracking the differences of voltage magnitude between two succes-
sive iterations. The algorithm stops when the conditions in Eq. (4) are met.

where α is the tolerance limits which, in this work, was set as α = 0.0001.

Network depth in radial electrical distribution system

The nominal radial distribution system consists of nodes/buses which are connected 
by branches. The structure of such a system can be described as a tree [33]. There are 
three types of nodes in distribution systems: terminal nodes, intermediate nodes and 
common nodes. The common node refers to a junction node that connects more than 
three network segments, for example, node 2 and node 4 in Fig. 3. The terminal nodes 
are the endpoints of a network segment, for example, nodes 1, 6, 9 and 10 in Fig. 3. 
The intermediate nodes are the nodes between common nodes and end nodes, for 
example, node 3 and 7. The end node that connects the network to the power system 
is called the root/reference node. Loads and distributed generators can be connected 
to the nodes. However, there are nodes with no power consumption and no power 
injections; they are called zero injection nodes.
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A distribution network can be modeled as a radial tree G = {V ,E}  with N nodes, 
where V is a set of vertices, or nodes/buses and E is a set of branches or edges [34]. In 
a radial distribution network, power flow is unidirectional, flowing from upstream to 
downstream buses. In that regard, power can flow from node i to node j via a branch 
which can be represented as branch/edge (i,  j). The immediate upstream node for 
node i is a parent of node i, and the immediate downstream node of node i is a child 
of node i. Therefore, Pi is a set of all parents of node i, and Ci is a set of all children of 
node i. However, each node, except the root node, has just one parent for the radial 
distribution network. For example, from Fig.  3, the parent of node 4 is node 2 and 
children of node 4 are nodes 7, 8 and 9. The edge set that connects a node to its par-
ent is called a parent edge, and a set of edges that connect a node to its children is 
called a children edge. Consider node 4 in Fig. 3, the parent edge is edge (2, 4), and 
children edges are edge (4, 7), (4, 8) and (4, 9). For every node i, the degree of node 
di is a total number of branches that directly connect to node i. The distance between 
any two nodes can be measured by the number of edges between the two nodes. For 
example, the distance between nodes 1 and 12 is 4 since there are four edges between 
them. Therefore, at this point, important variables in the proposed algorithm called a 
node depth (Dn) and network depth (T) can be defined.

Definition 1  A node depth is the distance between a node and the root node

Definition 2  A depth of a network is the distance between the root node and the fur-
thest node from the root node, i.e., T = Maxn∈V(Dn)

Consider Fig. 3 and Definition 1, node 6 and node 11 both are terminal nodes, but the 
depth of node 6 is 3, and the depth of node 11 is 4. Similarly, nodes 4 and 5 are of dif-
ferent types and belong to different network segments, but both have a depth of 2. The 
depth of the root node is 0. From definition 2, the depth of the network in Fig. 3 is 4.

Fig. 3  Representation of distribution network as a tree
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Proposed backward/forward power flow method

The power flow methods provide current on each branch and voltages on each node as a 
solution. This solution can be noted as set S = {Hn, Ib} , where Hn is a set of voltages of all 
nodes n = 1, 2 . . .N  , Ib is a set of currents of all branches b = 1, 2 . . .B , with B being the 
number of branches. In the proposed method, in the backward sweep, each node finds 
the current of its parent edge using Kirchhoff current summation law and updates the 
solution set Ib . In the forward sweep, each node calculates and updates voltage solution 
set Hn by accessing the voltage of its parent node, stored current and line data of its par-
ent branch to get its new voltage value. The process of storing the currents and voltages 
performed at the nodes on each iteration is equivalent to memorization in dynamic pro-
gramming. On each directional move, backward and forward, each node solves the same 
problem repeatedly, i.e., current summation and voltage subtraction, respectively, which 
signifies sub-problem overlapping in dynamic programming. Since a solution for a large 
problem (power system network) is obtained by solving similar small problems on each 
node, it signifies that the substructure is optimal. Therefore, it is possible to solve the 
power flow problem using dynamic programming concepts.

The algorithm starts by setting the voltages for all nodes equal to nominal network 
voltage. In the backward sweep, the algorithm starts at depth Di = T  and traverses up 
the network to depth Di = 1 by decreasing the depth by 1 after each iteration, i.e., trav-
erses through all depths except depth 0. At each iteration k, the algorithm is at search 
depth Dk = T − k . At each depth, all nodes belong to that depth are listed. Let that list 
at each depth be represented as Qk = {n ∈ V |Dk = 0} . At each depth and for each node 
q ∈ Qk , the Kirchhoff’s current law is solved and update the solution set Ib . In the for-
ward sweep, the algorithm starts at a depth Di = 1 and traverses down the network to 
depth Di = T  , by increasing the depth by 1 after each iteration. At each iteration k, the 
algorithm is at search depth Dk = k . At each depth and for each node q ∈ Qk , the volt-
age drop due to the parent branch of node q is found and subtracted from the voltage 
of its parent node and the solution set Hn is updated. This backward and forward sweep 
processes repeat until convergence criteria are met. The flowchart of the proposed algo-
rithm is presented in Fig. 4.

It should be noted that unlike many other proposed solutions in the literature, in the 
implementation of the proposed algorithm, there is no need to classify or partition the 
network into main and derivation lines or any use of matrices multiplication. The solu-
tions are obtained by simply adding and subtracting voltages and currents. Also, the pro-
posed method is independent of the numbering and naming of the nodes since the nodes 
interact by parent–children relationship. Once the node knows its parent or children, it 
can also automatically get their names and addresses in the solution set S = {Hn, Ib}.

Network information re‑organization for changing network topology

In some applications which involve network reconfiguration through switching opera-
tions due to line failure, phase balancing, system isolation and restoration, nodes or 
network segment can be added or removed or changed its connection points. In such 
a dynamic network, the direction of power flow for some branches may change, and 
the parent–children relationship may also change. Consider Fig. 5, initially Switch A is 
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closed and switch B is opened. Then, node 3 is the parent of node 11 and 11 is a parent 
of 12. By opening Switch A and closing Switch B, the path of some nodes toward root 
nodes and the parent–children relationship of some nodes changes such that node 11 
becomes a parent of node 3 and node 12 becomes a parent of node 11.

Read Line Data

Read Load Data

Get Network Depth (d)

Update Current in the solution set = { , }

Backward Sweep (starting from depth = to = 1, get nodes
each depth and calculate branch currents)

Forward Sweep (starting from depth = 1 to = , for 
each node in each depth and calculate node Voltage)

Update Current in the solution set = { , }

Convergence?

Print Results = { , }

Yes

No

Fig. 4  Flowchart of the proposed BFS power flow algorithm
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Fig. 5  Single-line diagram for the two meshed 15 bus system
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Since the proposed algorithm is based on the parent–children relationship, then net-
work data restructuring is required for good performance of the algorithm. Network 
data restructuring involves updating the network data as a result of reconfiguration. 
Steps used to update network data are elaborated in Table 1.

Consider meshed IEEE 15 bus system in Fig. 5; Switch C separates two network seg-
ments starting from Substation A and Substation B. When connecting the two networks, 
one substation is disconnected. Let the network segment connected to the substation be 
called the source network segment, and the network connected to the source segment 
called the new network segment. Since each segment consists of different nodes, their 
connection may result in several possible configurations depending on the type of nodes 
involved as a connection point from each network segment. Examples of such configura-
tions include connections that involve the end node from the source segment and end 
node from the new segment, i.e., node 5 and 34, an intermediate node of the source net-
work and the end node of the new network, i.e., node 3 and 33, and so on. The flowchart 
of the proposed BFS power flow method that can efficiently handle all possible connec-
tion scenarios due to network reconfiguration, without renumbering of nodes, is pre-
sented in Fig. 6 and the Pseudocode of the same algorithm is presented in Algorithm 1.

Table 1  Steps for updating network data

Step 1: Identify all nodes and branches in the path from the connection node to 
the root node of the original network.

Step 2: Reverse the parent–children relationship of the branches identified in step 1

Step 3: Update network data

Update Network data (Procedure 1)

Run proposed BFS algorithm (Fig. 2)

Topology 
Change?

Print Results = { , }

Yes

No

Start

Fig. 6  Flowchart of the proposed BFS power flow algorithm considering network reconfiguration
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Algorithm 1 Pseudocode of the Proposed BFS Power Flow Algorithm
Input: Data of the Power System (Load data, Line data, Source data)
Output: Voltages on all nodes and Currents on all branches
1: Get unique numbers of all nodes in the networks
2: Initialize vector for storing voltages on all nodes and vector for storing currents on all branches
3: Set maximum number of iterations
4: Set voltage error tolerance between successive iterations
5: Get a depth of a network (d)
6:
7: while iteration < maximumiterations do
8: % This Loop performs backward sweep, update current on branches
9: for each depth do % Go through each depth of the network starting from d-1 to d=0.
10: Get number of nodes at depth j
11: for each node at depth j do
12: Get parent of the node
13: Get children of the node
14: Calculate injection current at the current node (CurInjection)
15: if current node has children then
16: Get injection currents of all children (ChildInjenction)
17: Calculate current of the branch ending to current node (BranchCurrent)
18: BranchCurrent =sum (ChildInjenction)+ CurInjection
19: else
20: BranchCurrent =CurInjection
21: end if
22: end for
23: end for
24:
25: % This Loop performs forward sweep, update voltage on nodes
26: for each depth do
27: Get number of nodes at depth j
28: for each node at depth j do
29: Get parent of the node
30: Get voltage of the parent node (Vp)
31: Calculate the voltage drop of the branch ending to current node (Vd)
32: Calculate Voltage of the current node (Vn) : Vn =Vp-Vd
33: end for
34: end for
35: Check loop termination criteria (maximum number of iteration or tolerance limit)
36: end while

Results and discussion
In this work, simulations were conducted in three parts. In the first part, the simula-
tion was conducted using IEEE standard buses to test the accuracy of the proposed 
algorithm by comparing it with other studied algorithms. In the second part, simula-
tions were conducted in a meshed IEEE 15 bus to test the capability of the proposed 
algorithm in handling network reconfiguration cases. The third part is the simulation 
of the application of the proposed algorithm in a practical electrical secondary distri-
bution network. All simulations were carried out using MATLAB 2017b on 3.80 GHz 
4 Cores core i7 computer with 16GB RAM.

Results for IEEE Bus Systems

The IEEE 15 bus system has been selected as the test system to test the robustness of 
the proposed algorithm. The line data and load data for IEEE 15 bus are presented in 
Tables 2 and 3, respectively. The single-line diagram of IEEE 15 bus system network 
topology is presented in Fig. 7. In this study, three types of popular load flow meth-
ods, namely current injection method (CIM), BFS [1], DLF [17], were used to validate 
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the proposed load flow method. The CIM results were taken from a study conducted 
by [1], and results for BFS and DLF were obtained from conducted simulations. The 
load flow results, which show the absolute voltages on the nodes for IEEE 15 bus sys-
tem, are presented in Table  4. Results in Table  4 show that the proposed load flow 
method obtained similar voltage profiles to DLF and BFS on all nodes. The results for 
CIM seem to differ from the rest of the methods.

Another test was conducted using the IEEE 33 bus system whose line data and load 
data were taken from [35, 36]. In this study, two types of popular load flow methods, 
namely BFS and DLF, were used to validate the proposed load flow method. The load 
flow results, which show the absolute voltages on the IEEE 33 bus system nodes, are 

Table 2  Line data of IEEE 15 bus system

From To R (Ohm) X (Ohm)

1 2 1.3509 1.32349

2 3 1.17024 1.14464

3 4 0.84111 0.82271

4 5 1.52348 1.0276

2 9 2.01317 1.3279

9 10 1.68671 1.1377

2 6 2.55727 1.7249

6 7 1.0882 0.734

6 8 1.25143 0.8441

3 11 1.25143 1.2111

11 12 2.44845 1.6515

12 13 2.01317 1.3579

4 14 2.23081 1.5047

4 15 1.9702 0.8074

Table 3  Load data of IEEE 15 bus system

Node Active power (kW) Reactive 
power 
(KVAR)

1 0 0

2 44.1 44.99

3 70.1 71.44

4 40 142.82

5 44.1 44.99

6 70 71.44

7 44.1 44.99

8 140 142.82

9 140 142.82

10 70 71.414

11 140 142.82

12 70 71.414

13 44.1 44.99

14 70 71.414

15 140 142.82
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presented graphically in Fig.  8. Results in Fig.  8 show that the proposed load flow 
method obtained similar voltage profiles to DLF and BFS on all nodes.

Another test was conducted using the IEEE 69 bus system whose line data and load 
data were taken from [37]. In this study, three types of popular load flow methods, 
namely CIM, BFS and DLF, were used to validate the proposed load flow method. The 
load flow results that show the absolute voltages on the IEEE 69 bus system nodes 
are presented graphically in Fig. 9. Results in Fig. 9 show that the proposed load flow 
method obtained similar voltage profiles to DLF and BFS on all nodes with some 
deviations from CIM at the far end nodes. Also, the number of iterations for different 

Table 4  Results for IEEE 15 bus system

Node CIM BFS DLF Improved BFS

1 1 1 1 1

2 0.97128 0.9725 0.9725 0.9725

3 0.95667 0.9589 0.9589 0.9589

4 0.9509 0.9539 0.9539 0.9539

5 0.94991 0.9529 0.9529 0.9529

6 0.95822 0.9595 0.9595 0.9595

7 0.95476 0.9573 0.9573 0.9573

8 0.95694 0.9582 0.9582 0.9582

9 0.96797 0.9692 0.9692 0.9692

10 0.96689 0.9682 0.9682 0.9682

11 0.94995 0.9522 0.9522 0.9522

12 0.94582 0.9481 0.9481 0.9481

13 0.94451 0.9468 0.9468 0.9468

14 0.9486 0.9516 0.9516 0.9516

15 0.94844 0.9505 0.9505 0.9505

1
2 3 4 5

6

7
8

9

10

1511

12

13

14

Substation

Fig. 7  Single-line diagram for the IEEE 15 bus system
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bus systems is presented in Table 5, and the average computational time per iteration 
after 100 runs is presented in Table 6.

From presented results for IEEE 15 bus, 33 bus and 69 bus systems, it is evident that 
the proposed method is efficient in solving power flow problems as it has been able 
to obtain similar power flow solutions as BFS and DLF with an added advantage of its 

Fig. 8  Load flow results for IEEE 33 bus system

Table 5  Comparison of number of iterations for studied and proposed method

Bus CIM BFS DLF Proposed BFS

IEEE 15 Bus 4 4 4 4

IEEE 33 Bus – 4 4 4

IEEE 69 Bus 5 4 4 4

Table 6  Comparison of computation time for studied and proposed method

Bus BFS (s) DLF (s) Proposed BFS (s)

IEEE 33 Bus 0.0274 1.1580e−04 0.0146

IEEE 69 Bus 0.0583 1.2295e−04 0.0803

Fig. 9  Load flow results for IEEE 69 bus system
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efficiency in dynamic radial networks. Also, the number of iterations for the proposed 
load flow method is equal to DLF and BFS for all considered cases.

Table 6 shows that for all tested power systems, the DLF is the fastest, but it involves 
complex matrices arithmetic which affects its performance in large system applications. 
For IEEE 33 bus, the proposed method has outperformed the BFS, but for IEEE 69 bus, 
the BFS performed better than the proposed method. The results show that the speed 
performance of the proposed algorithm decreases as the network grows relative to BSF, 
due to additional computational on the proposed algorithm to alleviate algorithms’ 
dependence on node renumbering. For power loss comparison, all algorithms attained 
loss of around 211.0581 for IEEE 33 bus system and loss of around 238.6734 for IEEE 69 
bus system, and no significant difference was observed

Results for network reconfiguration problems

The study to test the efficiency of the proposed load flow method in handling network 
reconfiguration problems was conducted using meshed IEEE 15 bus system. In this 
study, two 15 bus systems with different numbering style were combined via tie switch 
(Switch C) as seen in Fig.  5. The first bus system, called network 1, was the one that 
was connected to the substation. The numbering of the first bus system (network 1) was 
retained, and that for the second bus system (network 2) was done randomly to verify 
that the independence of the proposed algorithm on node numbering. The connection 
between the two networks was made using a switch. The line segment with an imped-
ance of 1+ 1j was used as a switch between two connecting nodes. Changing network 
configuration was achieved by changing the position of the switch. Simulations were 
then conducted for different network topology with different switch positions. Four 
switch positions were considered for demonstrations, namely when bus 30 of network 2 
connected to bus 2 of network 1, bus 14 of network 2 connected to bus 35 of network 1, 
bus 5 of network 2 connected to bus 23 of network and bus 13 of network 2 connected 
to bus 28 of network 1. Power flow results for different network configurations are pre-
sented in Fig. 10 and Table 7.

Results for Tanzanian secondary distribution network

The proposed algorithm has also been tested in the secondary distribution network seg-
ment that comprises 79 nodes. The network has 143 Residential customers. In this net-
work, the active peak load was 190KW, and the reactive peak load was 142.5 KVar. The 
distribution transformer has a base voltage of 0.4 k and 0.315 MVA. Node numbering 
was acquired from TANESCO GIS System. To preserve space, only sample load data and 
line data for Tanzanian secondary distribution network are presented in Tables  8 and 
9. The load flow results for this network are presented in Fig. 11. The presented results 
show that the proposed load flow method can effectively handle power flow problems in 
dynamic low-voltage power systems.

Conclusion
In a power system, the distribution network is very dynamic in size due to new custom-
ers and new nodes added to the network. In such situations, most conventional load flow 
methods are not efficient in solving load flow problems since they require complex node 
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renumbering. In this paper, a new load flow method based on the backward/forward 
sweep concept has been used to solve load flow problems in both medium- and low-
voltage distribution systems. Unlike other studied load flow methods like BFS and DLF, 

Table 7  Results of proposed method for different network configuration cases

Bus 30-Mar 14/35 23-May 13/28

1 1 1 1 1

2 0.8372 0.8372 0.8372 0.8372

3 0.7496 0.7496 0.7496 0.7496

4 0.7254 0.6734 0.6734 0.7254

5 0.7244 0.6351 0.6351 0.7244

6 0.83 0.83 0.83 0.83

7 0.8272 0.8272 0.8272 0.8272

8 0.8286 0.8286 0.8286 0.8286

9 0.8349 0.8349 0.8349 0.8349

10 0.834 0.834 0.834 0.834

11 0.7447 0.7447 0.7447 0.6899

12 0.7422 0.7422 0.7422 0.6419

13 0.7412 0.7412 0.7412 0.614

14 0.7185 0.6694 0.6694 0.7185

15 0.717 0.6681 0.6681 0.717

22 0.6221 0.5941 0.6064 0.6296

23 0.6072 0.6004 0.6128 0.6575

24 0.6239 0.618 0.6288 0.736

25 0.6115 0.611 0.6167 0.7098

26 0.6164 0.5892 0.6014 0.6055

27 0.6142 0.5873 0.5994 0.6041

28 0.6153 0.5882 0.6004 0.6003

29 0.6551 0.5925 0.6047 0.6288

30 0.6999 0.5919 0.6041 0.6285

31 0.6036 0.5969 0.6092 0.6564

32 0.6018 0.5951 0.6075 0.6559

33 0.6011 0.5945 0.6068 0.6557

34 0.613 0.6128 0.6181 0.7098

35 0.6268 0.6178 0.6316 0.7477

Fig. 10  Load flow results of proposed algorithm for different reconfigurations of meshed IEEE 15 bus system
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the proposed method does not require any complex renumbering of nodes or matrices 

Table 8  Sample load data for Tanzanian secondary distribution network

Node P Q

131 0 0

82 4.9791 1.4897

83 5.5357 1.6562

84 0.7761 0.2322

85 5.5821 1.67

86 3.8646 1.1562

87 0.5961 0.1783

88 1.702 0.5092

89 3.3422 0.9999

90 5.8518 1.7507

91 5.8969 1.7642

92 0.9632 0.2882

93 5.9317 1.7746

94 5.8497 1.7501

Table 9  Sample line data for Tanzanian secondary distribution network

SN TO RF XF

131 82 0.001727 0.001339786

131 97 0.006754 0.005241281

82 83 0.00827 0.003273265

83 84 0.024945 0.009873291

84 95 0.024403 0.009658687

82 85 0.015055 0.011682599

81 96 0.003215 0.002494617

85 86 0.00763 0.005920715

86 87 0.015418 0.00610265

87 89 0.034178 0.013527832

Fig. 11  Load flow results for Tanzanian power system
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calculations; it only uses linear Kirchhoff’s rules and the parent–children relationship 
between nodes and depth search mechanisms.

The proposed algorithms have been compared with popular load flow methods such 
as CIM, BFS and DLF. The results show that the proposed method has obtained similar 
power flow solutions as BFS and DLF, which proves its efficiency in solving power flow 
problems. Also, the proposed algorithm has shown its efficacy in handling network con-
figuration problems without node renumbering. The proposed algorithm has efficiently 
performed when tested using data from a practical Tanzania electric power system with 
arbitrary numbering. Therefore, we propose using the proposed load flow method for 
medium- and low-voltage radial distribution systems.

The proposed load flow method in this paper compliments the traditional BFS method 
to alleviate the dependence on node numbering and increase the usability of these meth-
ods in power system applications. However, further researches are required to improve 
the computational time of the proposed algorithm. Further studies on the performance 
of the proposed algorithms in other radial distribution network are also required.
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