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Distribution network expansion plays a vital role in the reliable
transmission of electricity to the final consumers. But, this expansion
requires investment and the lack of this investment causes increased
losses, more voltage drop and load imbalance. On the other hand, with
the optimal placement of DG devices, the performance of the
distribution network can be improved and investment in its
expansion can be postponed. Improper installation of DGs increases
network losses, reduces network efficiency, and reduces reliability.
This paper is focused on improving the efficiency of the distribution
network with more reliability by optimal placement of multiple DGs
and optimal load forecasting based on evolutionary optimization
algorithms. In the proposed method, several DGs are assigned to
minimize voltage deviation, reduce power losses, and minimize
energy losses and costs. In order to identify candidate buses for DG
installation, a voltage stability index (VSI) is used to determine buses
subject to voltage drop. Buses with low VSI value are identified as
weak ones and selected as candidates for DG installation. Then, using
the Improved Cuckoo Search (ICS) algorithm, the optimal DG location
is found. Finally, load forecasting will be done using the k-means
clustering method and an artificial neural network (ANN) based on
particle swarm optimization (PSO) on weekdays. The simulations
performed on the IEEE 30 buses test system confirm the efficient and
effective performance of the proposed method compared to previous
conventional methods.

©2024 the authors. Published by National University of Skills,
Tehran, Iran. This article is an open-access article distributed

E-ISSN: 2538-4430
ISSN: 2382-9796

under the terms and conditions of the Creative Commons
Attribution-Noncommercial 4.0 International (CC BY-NC License)

(https://creativecommons.org/licenses/by-nc/4.0/)

275


https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/?lang=en
https://doi.org/10.48301/kssa.2024.470519.2956
https://orcid.org/0000-0003-0055-6052

Shahriar Abbasi Improving distribution network operation...

EXTENDED ABSTRACT

Introduction

Distribution network expansion plays a vital role in the reliable transmission of
electricity to the final consumers. However, this expansion requires investment and the
lack of this investment causes increased losses, more voltage drop and load imbalance. On
the other hand, with the optimal placement of DG devices, the performance of the
distribution network can be improved and investment in its expansion can be postponed.
Improper installation of DGs increases network losses, reduces network efficiency, and
reduces reliability. This study was focused on improving the efficiency of the distribution
network with more reliability by optimal placement of multiple DGs and optimal load
forecasting based on evolutionary optimization algorithms. In the proposed method,
several DGs were assigned to minimize voltage deviation, reduce power losses, and
minimize energy losses and costs. To identify candidate buses for DG installation, a voltage
stability index (VSI) was used to determine buses subject to voltage drop. Buses with low
VSI values were identified as weak ones and selected as candidates for DG installation.
Then, using the improved Cuckoo Search (ICS) algorithm, the optimal DG location was
found. Finally, load forecasting was carried out using the k-means clustering method and
an artificial neural network (ANN) based on particle swarm optimization (PSO) on
weekdays. The simulations performed on the IEEE 30 buses test system confirmed the
efficient and effective performance of the proposed method compared to previous
conventional methods.

Methodology

In the proposed method, several DGs were assigned to minimize voltage deviation,
reduce power losses, and minimize energy losses and costs. To identify candidate buses for
DG installation, a voltage stability index (VSI) was used to identify buses subject to voltage
drop. Buses with lower VSI were identified as poor buses and thus candidates for DG
installation. Then, using the improved Cuckoo Search (ICS) algorithm, the exact installation
location of the DGs was determined. Finally, weekly load forecasting was conducted using
the k-means clustering method and an artificial neural network (ANN) based on particle
swarm optimization (PSO). The simulations performed on the IEEE 30-bus test system
confirmed the efficient and effective performance of this proposed method compared to
previous conventional methods. The proposed method was implemented on the 30-bus
IEEE standard system in the MATLAB software environment with a computer system with
the following specifications:

- Processor: Intel core i5 @ 3GHz

- RAM: 8GB

- Operating system: Windows 8

- MATLAB version: 2013b

Results and discussion
Simulation of DG placement: For EP, GA, PSO and proposed methods, the result of
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optimal DG placements is listed in Table 1. The voltage and power loss characteristics of the
IEEE 30-bus system with and without DG installation are presented in Figures 2 and 3. The
results showed that the proposed approach is better than previous approaches. According
to Figures 1 and 2, before installing the DG, the total power loss was 0.09 kW and the voltage
profile was 220 kV. After installing DG, the total power loss was 0.0778 kW by EP, 0.05 kW
by GA, 0.04 kW by PSO, and 0.0301 kW by the proposed ICS-based method. In addition, the
total voltage profile was 245 kV by EP, 290 kV by GA, 300 kV by PSO, and 307 kV by the
proposed ICS-based method.

Table 1: Optimum placements of DG along with voltage and loss profile.

Method Candidate Total Total Population | Iteration | Run
bus Power Voltage time
Loss Profile S)
(KW) (kV)
EP 9 0.0778 | 245 40 80 396
GA 18 0.05 290 40 80 376
PSO 4 0.04 300 40 80 340
The 26 0.0301 | 307 40 80 312
proposed
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Total Power Loss Total Voltage Profile
0.08 : ‘ 350 : : :
~300F
s 2
= 0.06 - E 250 +
3 5
S 200
5 004+ o
: gisor
o G
z >k
§ ooz : 100
F o5r
0 0
EP GA PSO Proposed EP GA PSO Proposed
Methods Methods
Figure 1: Total power losses. Figure 2: Total voltage profile.

Simulation of load demand forecasting: The quality of load forecasting was evaluated
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based on sample data of days of the week. In the proposed method, k-means and ANN were
used, so that the primary data were clustered and then classified. Considering Sundays as
holidays and Wednesdays as the middle of the week, the electrical load required on
Wednesday was often higher compared to Sunday. The load forecast for Wednesday and
Sunday is shown in Tables 2 and 3 and Figures 3 and 4. Therefore, the load predicted by the
ICS method was closer to the actual load, but the estimated load by other methods such as
EP, GA, and also PSO differed significantly from the actual load.

Table 2: Comparison of load forecasting methods on Wednesday.

Method Load (MW) | Forecasting error (%)
ABC 2.57 -41

EP 3 -31

ECO-ABC 31 -29

GA 35 -20

PSO 34 -22

Proposed method | 4.4 1

Actual load 4.36 -

Table 3: Comparison of load forecasting methods on Sunday.

Method Load (MW) | Forecasting error (%)
ABC 0.7 -V

EP 1 - OA

ECO-ABC 1.23 -¥A

GA 1.5 .YV

PSO 1.7 - o7

Proposed method | 2.4 1

Actual load 2.37 -
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Figure 3: Comparison of load forecasting Figure 4: Comparison of load forecasting
methods on Wednesday. methods on Sunday.
Conclusion

In this paper, improving the performance of the distribution network by placing DG
productions and load forecasting using heuristic algorithms was investigated. The IEEE
standard 30-bus test system was used to test the proposed ICS-based method for optimal
placement of DG resources. Initially, k-means clustering combined with ANN based on
particle swarm optimization was used for load forecasting. Then, DG resources were placed
in the experimental system with the help of the ICS optimization algorithm. After analyzing
the simulation results and comparing them with conventional methods such as EP, GA and
PSO, it was concluded that the performance of the method proposed in the paper is more
effective in predicting the load and optimal placement of DG resources. Therefore, the test
results showed that the proposed method is a more suitable solution for improving the
efficiency of energy distribution systems.
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