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Due to the fast growth of energy consumption globally, distribution
networks are seeking a solution to supply the required energy,
considering the technical and economic conditions. In this research,
distributed resources were planned in the distribution network,
taking into account the interests of both the owner of the resources
and the operation of the network. The objective function was designed
to serve the interests of the owners of the distribution network,
including the improvement of network parameters and the owners of
distributed generation resources, which included the maximum
possible profit from the sale of energy. The objective function was
considered to be a combination of several linear functions. Due to the
high reactance ratio in radial networks, forward-backward sweep
load flow was used. Necessary constraints for the network with
quality indicators were considered as equality and inequality
constraints. For the location of distributed generators on the buses,
the sensitivity factor was used and to achieve the final response of the
objective function, the teaching-learning-based optimization (TLBO)
algorithm was used and compared with particle swarm optimization.
A standard 37-bus radial network was considered to evaluate the
results of the proposed method. The simulation results show an
improvement in power quality of the network and an increase in the
profits of the owners of distributed generators.
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EXTENDED ABSTRACT

Introduction

Distributed generators (DGs) have made important changes in the electric network.
These changes consist of the improvement of grid voltage profile, reduction of used capacity
of network feeders, reduction of losses and reliability improvement. The location and
capacity of DGs in the distribution network is the most important factor in determining the
effectiveness of these sources. Considering the complexities in the optimization of DGs
location and capacity, in this article, the problem is modelled in the form of a non-linear
multi-objective optimization from the perspective of resource investor and network
operator. The mathematical modelling and statement of the research problem are
mentioned and the results of the implementation of the proposed method are presented
with software simulation.

Methodology

The desired goals for the planning of DGs included the profits of the network operator
such as reducing losses and improving the voltage profile and reliability, as well as the
profits of the resource investor. Flowchart of the proposed method for multi-objective
planning of distributed generators is shown in Figure 1.
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Figure 1. Flowchart of the proposed method for multi-objective planning of distributed generators.

The objective function has two parts. The first part is related to the owner of the DG and
the economic income from the sale of the production power of the DGs according to the
power plant cost function and the installation and operation costs. The second part is
related to the interests of the network owners and represents the network usage conditions.
Losses are expressed as costs and should be minimized.

The forward-backward sweep method was used for load flow in the studied distribution
network in the presence of DGs. This method had a high speed and good convergence. The
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reciprocating sweep method calculates the voltages at each node and the currents at each
branch. In the forward stage (first stage), first, the currents are calculated based on the load
connected to each bus, and in the return stage (second stage), according to the impedance
of the lines, the bus voltages are updated for the next stage. If the voltage changes of each
bus are greater than the convergence criterion, steps one and two are repeated again.

The sensitivity factor was used in this article to determine the location of DG. The
location of DGs was determined based on the lowest value of the sensitivity factor.
Teaching-learning-based optimization (TLBO) was used to solve the optimization problem.
The advantage of using this algorithm is that there is no need to check the convexity of the
optimization problem space and the derivability of the objective function and fast
convergence in reaching the optimal answer. Furthermore, the accelerated particle swarm
optimization (APSO) algorithm was used to validate and compare the proposed method

Results and discussion

In the present research, the 37 bus IEEE network was used to implement the proposed
method. The proposed method reached convergence in 50 iterations in solving the
optimization problem as depicted in Figure 2.
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Figure 2. Progress graph of objective function with TLBO algorithm.

The comparison of the production of DGs is shown in Figure 3. As can be observed,
greater power was produced by DGs in the TLBO algorithm, meaning greater profits for
the owners of DGs. Additionally, in the TLBO algorithm, the production of the slack bus
generator compared to APSO decreased. In other words, the capacity of the main
generator was freed. It also showed that the network losses in the TLBO algorithm were
reduced to a larger extent than that in APSO, while the active and reactive load of the lines
remained the same.
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Figure 3. Comparison of DGs and slack bus production and line losses after optimization in APSO
and TLBO.

Conclusion

In the present research, the planning of DGs in the electric distribution network with a
multi-objective approach from the perspective of the resource investor and the network
operator was discussed. For this purpose, mathematical modelling of the research problem
was presented by taking into account the income from power injection into the grid by DG
and the costs from the construction and operation of DG and network losses. Moreover,
network constraints such as the number and capacity of sources, line power limits, bus
voltage limits, equality of production and consumption, and reliability were considered.
Then, by implementing forward-backward sweep load flow, which had better speed and
convergence than other common load flow methods, the voltage status and occupied
capacity of network feeders were reported. Next, the sensitivity factor was proposed as a
new method for determining the suitable location for installing DGs, which was used in
addition to the proposed TLBO algorithm to solve the optimization problem and determine
the optimal capacity of DGs. By implementing the proposed method in Matlab software, the
simulation results showed that the bus voltage drop, the amount of line losses, bus slack
power plant production and environmental pollution were significantly reduced compared
to the structure without DGs. Moreover, the TLBO algorithm performance better than the
otherused algorithm, i.e. APSO, in the speed and results of solving the optimization problem.
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