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ABSTRACT Nowadays, specialized literature uses different test systems to verify their proposed models
and methodologies regarding reconfiguration and operation of distribution networks. However, none of these
research works include various test systems with enough information in order to endorse studies that approach
distribution system reconfiguration and operation issues. This paper contains several test systems including
the load data, network configuration, line characteristics, maximum current of branches, and nominal powers
and voltages. The main objective is to provide all the details and information required to evaluate models
and methods developed for reconfiguration and operation of radial distribution systems. Verification of all
presented data and information has been performed by solving the network reconfiguration problem using
established techniques. Moreover, in order to check the radiality of test systems and correctness of their given
data, a data visualization technique is employed to online depict network topologies based on the electrical
distance between buses.

INDEX TERMS Data visualization, electric power distribution networks, reconfiguration and operation,
test systems.

I. INTRODUCTION

D ISTRIBUTION networks are essential part of the elec-
tric power system that links transmission networks [1]

to end-users of electric energy in order to deliver the electric-
ity produced by the generation system [2] to individual cus-
tomers [3]. Distribution networks in urban areas are typically
constructed as a meshed structure and are usually operated
in a suitable radial topology, which can be set or changed
by opening normally closed sectional switches and closing
normally open tie line switches, which is commonly denoted
as distribution network reconfiguration (DNR) [4]. Histori-
cally, the DSR problem was considered for minimizing active
power losses during normal operating conditions, as these
losses directly affect the operational cost and the system
voltage profile and are therefore important for increasing
the distribution system efficiency and improving operational
performance.

After publication of Merlin and Back’s paper in 1975 [5],
much research has been done on the field of distribution
system reconfiguration till now. Some of these research
works are related to the problem solution method. Some
others, irrespective of the solution method, proposed new
models for DNR considering parameters such as load bal-
ancing [6], uncertainty [7]–[9], reliability [10], [11], volt-
age stability [12]–[17], and protective coordination [18].
Also, some of them investigated this problem and capaci-
tor placement together [19], [20]. However, none of these
research works has presented various test systems with
their complete information including network configura-
tion, line and load characteristics, and other required data
for researching reconfiguration and operation of electric
power distribution systems. For this, [21] developed large-
scale distribution test systems based on load estimation,
smart dataset, and operational experiences. Although [21]
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can provide useful data for applying new ideas to smart
grids, especially those include solar units, electric vehicles,
and energy storage systems, application of new models
and methodologies first should be implemented on stan-
dard test systems and then applied to real large distribution
networks.

Test systems play an important role in showing the effi-
ciency of proposed models and methodologies. Thus, it is
desirable to have a reference paper that incorporates test
systems with all basic data needed in distribution network
reconfiguration and operation. The present paper describes
the load data, network configurations, characteristics and
maximum currents of distribution lines, and rated powers
and voltages. Also, it provides the topologies of the most
important practical and standard distribution systems drawn
based on a visualization method that can be used in the
monitoring and control rooms for online observation of
the topology of the distribution networks. In this paper,
the system diagrams are drawn using the technique in [22],
which positions buses in a two dimensional diagram based
on the electrical distances between them. In this applica-
tion, the total parallel impedance between each node pair
is calculated using the Klein resistance method [23] and
this is projected into two dimensions using multidimen-
sional scaling [24]. This visualization function is available
as part of the MATPOWER package, version 6.0 [25] and
online at [26].

Therefore, the provided diagrams in the present paper are
electrically meaningful: for instance, a node that is seen to
be remote from the nearest voltage-controlling transformer
might be prone to under-voltage problems, as any power
consumed there must flow through a substantial impedance.
Verification of all presented data and information has been
done by CPLEX in a mathematical programming language
(AMPL) [27], as well as decimal codification genetic algo-
rithm (DCGA) [1] and discrete particle swarm optimization
(DPSO) [2] in MATLAB. To the best knowledge of the
authors, this paper, for the first time, provides electrically
meaningful diagrams of a range of test distribution networks
alongside their simulation parameters. Hence, the main con-
tributions of the current paper are:

• Providing all basic parameters such as load data, net-
work configurations, maximum currents of lines, and
nominal powers and voltages for reconfiguration and
operation studies.

• Data visualization of the most important practical and
standard distribution systems.

• Verification of all information by data visualization
technique, AMPL software, and DCGA and DPSO
algorithms at the same time.

II. TEST SYSTEMS AND EXAMPLE NETWORKS
In order to provide information required for efficient imple-
mentation of models and methodologies related to reconfig-
uration and operation of distribution networks, several test
systems including example and real distribution networks

TABLE 1. Line characteristics for test system 1.

TABLE 2. Load data of test system 1.

with all their required data are described in this section.
Distribution systems are often shown by single-line dia-
grams without enough explanations about results of their
power flow calculations. Understanding the inner electrical
structure of the network can be more important for distri-
bution system operators and researchers. To this end, a net-
work diagramming technique based on inter-node electrical
distances is used to explicitly portray the topological con-
nectivity of the network [22]. In these data visualizations,
tie switches of each test system were considered to be open
in order to recognize radiality and connectivity of original
topologies. The data visualization technique uses multidi-
mensional scaling [24] to project the calculated matrix of
inter-node electrical distances into two dimensions. Mul-
tidimensional scaling is a well-established dimensionality
reduction technique that iteratively repositions each node in
a Cartesian plane until the fitted distances are maximally
consistent with the calculated electrical distances, as mea-
sured through a particular stress function. The electrical
distance between each node is calculated using the Klein
resistance [23], which uses the elements of the Zbus matrix to
ascertain the effective parallel impedance between any pair
of buses.

Full data for each system is available in the persistent
online repository at [26].

A. SMALL SYSTEMS
• Test System 1: Single-line diagram of this 7-bus test system
with one substation bus is shown by Fig. 2 in [27]. All data
related to this system are listed in Tables 1 and 2. The base
power, nominal voltage, and initial losses (before reconfig-
uration) are 1 MVA, 12.66 kV, and 1.44 kW, respectively.
A diagram of test system 1, drawn in Fig. 1 using the intro-
duced visualization method so that distances between buses
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FIGURE 1. Diagram of test system 1 based on a projection of inter-node impedances into two dimensions.

TABLE 3. Line characteristics for test system 2.

TABLE 4. Load data of test system 2.

FIGURE 2. Diagram of test system 2 based on a projection of
inter-node impedances into two dimensions.

gives a visual indication of the impedance between them.
This topology is drawn considering that the tie line between
bus 1 and bus 7 is open according to the normal operation
situation.

• Test System 2: This 12-bus network represents an actual
system, which is part of the distribution network of Baghdad
city in Iraq. Its single line diagram is shown in Fig. 6 of [27].
The feeder is connected to the Al-Mansoor substation, which
has a nominal (base) voltage of 11.1 kV and a capac-
ity of 2250 kVA. The relevant data of system are given
in Tables 3 and 4. The maximum current flow (I) of each
branch is 500 A. Also, the configuration of this real network

TABLE 5. Line characteristics for test system 3.

TABLE 6. Load data of test system 3.

FIGURE 3. Diagram of test system 3 based on a projection of
inter-node impedances into two dimensions.

is simulated by data visualization method according to infor-
mation of Tables 3 and 4 (see Fig. 2). In Fig. 2, substation
bus 0 is represented by bus 1, because defining number 0 in
MATPOWER is not possible.

• Test System 3: A three-feeder 23 kV distribution system
connected to substation buses 1, 2 and 3 has been shown
in Fig. 10 of [27]. All data, such as resistance and reac-
tance of branches, and nodal active and reactive demand
have been provided in Tables 5 and 6. The base power and
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FIGURE 4. Diagram of test system 4 based on a projection of inter-node impedances into
two dimensions.

TABLE 7. Line characteristics for test system 4.

TABLE 8. Data of transformers for test system 4.

initial power losses (before reconfiguration) are 10 MVA
and 511.44 kW, respectively. Also, the maximum currents
of branches 11, 16, and 18 are considered 500 A, 500 A,
and 300 A, respectively, while those of all other branches
250 A. Furthermore, the diagram of this test system is
shown in Fig. 3 using data visualization where the distance
between buses is based on the electrical distance which can
provide important information to operators in monitoring
rooms.

• Test System 4: This real network is part of the electrical
power distribution system in the city of Koprivnica, Croa-
tia. It consists of 28 buses and two radial feeders with one
substation bus. The single-line diagram of the Koprivnica
distribution system is shown in Fig. 14 of [27] and its data
are presented in Tables 7 to 9. The maximum current of
all branches and the initial active power losses are 500 A
and 46 kW, respectively. A diagram of test system 4 is also
drawn in Fig. 4 based on the visualization techniques so that
distances between buses may give a visual indication of the
impedance between them.

• Test System 5: Single-line diagram of this exam-
ple system with six tie lines and 28 normal branches is

TABLE 9. Load data of test system 4.

FIGURE 5. Diagram of test system 5 based on a projection of
inter-node impedances into two dimensions.

shown in Fig. 17 of [27]. Also, the network data are listed
in Tables 10 and 11. Diagram of the network is depicted
in Fig. 5 using data visualization which reflects the electrical
distance between buses. The nominal values are 1 MVA and
18.6 kV and initial losses are 1240 kW.

• Test System 6: The system includes two 12.66 kV radial
feeders and 32 sectional switches, as shown in Fig. 20 of [27].
The data of this test system are available in Tables 12 and 13,
in which they were visualized according to Fig. 6. In this
figure, substation bus (node 0) is represented by bus 1.
Moreover, maximum current flow of each branch and the
power losses of initial network are 500 A and 202.68 kW,
respectively. The MVA and kV base are 1 and 12.66, respec-
tively. The visualized diagram in Fig. 6 presents the electrical
distances between buses so that it gives a visual indication of
the impedance between them.
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TABLE 10. Line characteristics for test system 5.

TABLE 11. Load data of test system 5.

TABLE 12. Load data of test system 6.

TABLE 13. Line characteristics for test system 6.

B. MEDIUM-SIZE SYSTEMS
• Test System 7: The test system is part of the real dis-
tribution network of Baghdad city in Iraq with 49 buses,
five tie lines, 48 sectional switches, and an 11 kV radial

FIGURE 6. Diagram of test system 6 based on a projection of
inter-node impedances into two dimensions.

feeder. The single-line diagram of the system has been shown
in Fig. 24 of [27] and its data are listed in Tables 14 and 15.
The active power loss of network before reconfiguration is
10.5 kW. Maximum current of each branch is 500 A. Result
of data visualization is shown in Fig. 7, where substation bus
0 is represented by bus 49.

• Test System 8: Fig. 28 in [27] shows single-line diagram
of this 33 kV real distribution network. It is a region of the
distribution system of the city of Ahvaz in the south of Iran.
Load and line data for this real distribution network are given
in Tables 16 and 17. The active power losses of original net-
work configuration are 178.66 kW. Also, maximum current
of each branch in system 8 is 500 A and the result of data
visualization is shown by Fig. 8, so that distances between
buses reflecting a visual indication of the impedance between
them are clearly shown.
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FIGURE 7. Diagram of test system 7 based on a projection of
inter-node impedances into two dimensions.

TABLE 14. Line characteristics for test system 7.

• Test System 9: This 12.66 kV radial distribution system
with one substation is shown in Fig. 31 of [27]. Tables 18 and
19 list data of this example network and Fig. 9 shows result of
data visualization. The initial loss is 225 kW and base MVA
is 1. The maximum currents of all branches are 200 A except
for those of branches 1 to 9 that are 400 A and branches 46 to
49 and 52 to 64 that are 300 A, respectively.

• Test System 10: This test system is an 11 kV radial
distribution network with two substation buses and four
feeders, as shown in Fig. 35 of [27]. Data for this system
are provided in Tables 20 and 21. Diagram of the network
is drawn in Fig. 10 using data visualization based on the
electrical impedance between buses. The active power losses
for initial network configuration are 227.5 kW with nominal

TABLE 15. Load data of test system 7.

TABLE 16. Line characteristics for test system 8.

power of 1 MVA. The maximum currents of branches 1 to
8, 17 to 23, 31 to 39, and 52 to 56 are 270 A, while those
of branches 69 to 79 and all others are 234 A and 208 A,
respectively.

• Test System 11: As shown in Fig. 39 of [27], this
actual 11.4 kV network consists of two substations with
data presented in Tables 22 and 23. The power base value
and the initial power losses for this system are 1 MVA and
532 kW, respectively. Each line current-carrying capacity
(I) is 410 A. Fig. 11 shows the result of data visualization of
Tables 22 and 23 where the distance between buses
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FIGURE 8. Diagram of test system 8 based on a projection of inter-node impedances into two
dimensions.

TABLE 17. Load data of test system 8.

is based on the electrical distance instead of the
physical one.

C. LARGE SYSTEMS
• Test System 12:This test system, as shown in Fig. 43 of [27],
is an 11 kV distribution network with three radial feeders
and one substation on bus 0. The data of the system have
been provided as MATPOWER and AMPL files in [26]. The
base MVA and initial power losses are 10 and 1298 kW,
respectively. Also, Fig. 12 shows the network configuration
depicted by data visualization, in which substation bus 1
represents generation bus 0.

• Test System 13: Fig. 47 of [27] shows this real net-
work, which is part of the Tres Lagoas distribution system in
Brazil. It has eight radial feeders and one substation bus, with
nominal voltage and nominal power of 13.8 kV and 1MVA,
respectively. Also, the initial power losses and the maximum
current of each branch are 320.37 kW and 200 A, respec-
tively. The parameters and related data of this test system

TABLE 18. Line characteristics for test system 9.

have been presented in [26]. The result of data visualization
is shown in Fig. 13, in which bus 224 indicates substation
bus 0.

• Test System 14: The initial configuration of this real
13.8 kV distribution networkwith three feeders, 201 sectional
switches, and three substations is shown in Fig. 52 of [27].
The system data are given in [26]. Diagram of the network is
presented in Fig. 14 using data visualization technique, where
substation bus 0 is represented by bus 204.

• Test System 15: Network topology is illustrated
in Fig. 15 using data visualization. Data of this real
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TABLE 19. Load data of test system 9.

TABLE 20. Load data of test system 10.

FIGURE 9. Diagram of test system 9 based on a projection of
inter-node impedances into two dimensions.

distribution system with 415 buses and nominal voltage
of 10 kV are available in [26]. In this system, bus 1

FIGURE 10. Diagram of test system 10 based on a projection of
inter-node impedances into two dimensions.

TABLE 21. Line characteristics for test system 10.

is the generation bus and others are load buses. Also,
the maximum current flow and base MVA are 550 A and 1,
respectively.

• Test System 16: As shown in Fig. 1 of [28], this
8500-node test system contains 4800 buses, 170 km medium
voltage lines, and four capacitor banks. Maximum current
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FIGURE 11. Diagram of test system 11 based on a projection of
inter-node impedances into two dimensions.

FIGURE 12. Diagram of test system 12 based on a projection of
inter-node impedances into two dimensions.

flow of each line is 16.275 A per phase. All data of this large
distribution network are available in [29].

III. TEST SYSTEMS ASSESSMENT
Data visualization results confirmed radiality and connectiv-
ity of all test systems described in section II, in which none
of original networks are meshed or have isolated buses. Only
test system 5 has a one isolated bus because of reconfiguration
aims. It means that bus 30 is intentionally is considered as
a separate bus to show importance of addition of a new
substation to the network through tie line 29 and 30 after
reconfiguration. The results show that this bus is connected to
the network because of its important role in power losses mit-
igation. In order to verify all presented data, efficient math-
ematical model of [27] was applied to all above-mentioned

TABLE 22. Line characteristics for test system 11.

TABLE 23. Load data of test system 11.

test systems except for the last one with the aim of power loss
minimization and the results were listed in Table 24. It should
be noted that all results given in this table was obtained by
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TABLE 24. Numerical results for the test systems.

FIGURE 13. Diagram of test system 13 based on a projection of
inter-node impedances into two dimensions.

FIGURE 14. Diagram of test system 14 based on a projection of
inter-node impedances into two dimensions.

solver CPLEX in AMPL and were verified using DCGA and
DPSO algorithms in MATLAB. Moreover, the accuracy of
the results has been validated by comparing them with other

FIGURE 15. Diagram of test system 15 based on a projection of
inter-node impedances into two dimensions.

proposed models and methodologies regarding distribution
system reconfiguration. Results of this table before recon-
figuration, in which all tie line switches are open (original
network), and after reconfiguration are useful for operation
and reconfiguration objectives, respectively.

IV. CONCLUSION
In this paper, the main properties and important data of
several test systems and real distribution networks were
described. The data include network configurations, line
characteristics, generation arrangements, load amounts, nom-
inal voltages, rated powers, and maximum current of distri-
bution branches. The presented data and information allows
incorporation of various parameters into integrated models,
contributing to the research on distribution network recon-
figuration and operation. The applicability of the dataset
was verified by solving a network reconfiguration problem
and comparing with the results reported in other specialized
literature. Network radiality and connectivity of all test sys-
tems were confirmed by an electrically meaningful network
diagramming technique.

The complete set of information provided makes the pre-
sented test systems highly useful to researchers in order
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to demonstrate robustness and effectiveness of proposed
methodologies and models in reconfiguration and operation
of distribution systems. Current research provides important
information for researchers who are trying to solve the distri-
bution system reconfiguration problem more efficiently.
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