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Abstract:

In this paper, a new analytical approach for the optimal active and reactive power scheduling of distributed generations
(DG) and capacitor banks in distribution networks is presented. The scheme is very simple and lacks the complexity of
other methods. The objective functions used in this study include minimizing power losses and improving the voltage
profile of the distribution network. To show the capabilities of the scheme, simulation results have been performed on
33 distribution network and its performance has been compared with  global searching methods. Finally, the presented
approach to achieve the optimal power coefficients of DGs and capacitor banks has also been used in thel19 bus
distribution network. The simulation results show that the analytical approach presented in finding optimal results is

very strong, fast and easy and can be used on wide distribution systems.
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1. Motivation of the work

Traditionally, distribution systems are operated in
centralized and vertical manner due to the simplicity of
control and protection operations. These networks
include radial or weakly-meshed topologies having high
value of R/X ratio which results in improper voltage
profile and high power losses. A prevalent action taken
by the network operators to settle this problem is the
feeder reconfiguration techniques. By the introduction of
distributed generation (DG) into power system, there has
been another alternative to tackle with the poor voltage
regulation and high power losses in distribution system.
DG units, with several technological types, have potential
advantages such as voltage profile improvement, power
loss reduction, reliability enhancement, and investment
deferral of system equipment. If the DG units’ location
and size are properly determined, they can play a key role
in minimizing power loss and improving voltage profile
of distribution networks.

2. Contributions

Among the methodologies used for DG siting and sizing
problem, the analytical approaches have attracted great
attention due the simplicity of their implementation
comparing to the other techniques. The current paper
proposes a novel analytical method for optimal allocation
of active and reactive power sources, i.e. distributed
generation (DG) and capacitor banks. The conducted
approach is very simple and lacks the complications of
other methods. Based on some analytical calculation, two
main formulations are derived. Then, the resulting
formulations are used to site and size capacitor and DG in
33-bus distribution network to verify its performance by
comparing the obtained results with those of global
search method. Then, the proposed method is used to
allocate specified number of DG and capacitor on 33 and
69-bus systems. Finally, the conducted approach is
employed to allocate multiple DGs and capacitors, and
also multiple DGs with optimal power factor on 119-bus
distribution network. The simulation results demonstrate
that the presented analytical approach is very strong in
finding the optimal results, very fast and simple, and
applicable to large distribution systems.

3. Procedures

the proposed analytical approach for optimal active and
reactive power compensation in radial distribution
networks is described and formulated mathematically. It
is aimed to determine the location and capacity of both
active and reactive compensators, i.e. DGs and capacitors
in order to minimize the power loss and improve the
voltage profile in distribution network. To verify the
effectiveness of the developed approach, it is applied to
the 33-bus distribution network, and the obtained results
are compared with those of recent works. For this aim,
six scenarios are considered . Three scenarios are related

Ve

to siting and sizing of 1, 2, and 3 DG units with unity
power factor, and the other three scenarios corresponding
to siting and sizing of 1, 2, and 3 capacitor banks. In each
scenario, the results are compared with the results
obtained from the improved analytical (IA) method and
the hybrid approach proposed. As it can be seen, in some
cases (1DG, 2DG, 3DG), the proposed approach obtains
lower power loss with the sizes not so much higher than
the other methods. In some other cases (1C, 2C, 3C), the
proposed approach reaches almost the same power loss
but with lower sizes.

4. Findings

In the previous case studies, only active (DG with unity
power factor) or reactive power (capacitor) allocation
were considered. By using the proposed approach in this
part, it is aimed to allocate DG injecting both active and
reactive power. Also, the optimal power factor of the
allocated DG units is determined. This optimal power
factor determines the best value of injected active (P) and
reactive power (Q) for the sake of acquiring minimum
power loss. For this purpose, the proposed approach is
tested on a large-scale system, 119-bus radial distribution
network in five scenarios. The scenarios include sizing
and siting of 1) five capacitor 2) five DGs with unity
power factor 3) five DGs with optimal power factor (PF)
4) seven DGs with unity power factor 5) seven DGS with
optimal PF.

5. Conclusion

There have been a wide range of solution methodologies
such as mathematical, heuristic, meta-heuristic, and
analytical algorithms presented for the siting and sizing
of active and reactive power sources in radial distribution
systems. Based on two main formulations, a novel
analytical approach is proposed in this paper which is
very simple, fast, accurate, and applicable to large
distribution systems. To verify the efficiency of the
conducted approach, it is first tested on 33-bus
distribution network to allocate capacitor banks and DG
units with unity power factor, and the obtained results are
compared with those of global search method. Then, the
proposed method is used to allocate multiple DGs and
capacitors on 33 and 69-bus distribution systems, and the
obtained results are compared with PSO, IA, and Hybrid
method reported in recent literature. After confirming the
capability of the conducted method, at the final stage, it is
employed to allocate multiple DGs with optimal power
factor on 119-bus distribution network. It is verified that
the proposed analytical approach is superior to the
previous methods in terms of total allocated size, power
loss reduction, and computational time. In total, the
presented approach is very accurate, fast and simple, and
applicable to large distribution systems.
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