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Pengoptimuman Penempatan dan Kapasiti Penjanaan Teragih dalam Sistem
Agihan menggunakan Kaedah Algoritma Genetik

ABSTRAK

Pertumbuhan penduduk, pertumbuhan ekonomi, dan pembangunan industri boleh
membawa kepada peningkatan dalam keperluan tenaga elektrik. Peningkatantbeban yang
berterusan pada sistem kuasa elektrik boleh mengakibatkan pengutangan kapasiti
rangkaian kuasa elektrik sedia ada. Penurunan ini boleh ditunjukkan dengan
meningkatkan kehilangan kuasa, menurunkan voltan dan‘ juga kapasiti sistem
berkurangan. Satu penyelesaian ialah menambah sumber, tenaga elektrik terus ke
bahagian beban dengan memasang penjana teragih \(PT) dalam sistem. Suntikan
penjanaan teragih ke dalam sistem kuasa boleh menjejaskan sistem dengan ketara. Kesan
yang berlaku bergantung pada lokasi dan saiz PT. Dalam kajian ini, pendekatan algoritma
adalah gabungan kaedah Newton Raphson dan Algoritma Genetik yang digunakan untuk
menentukan lokasi dan kapasiti optimum penjana teragih (PT). Berapa lama keupayaan
sistem selepas pemasangan janakuasa teragih (PT) juga dinilai. Perletakan yang betul dan
kapasiti PT yang optimum._boleh mengurangkan kehilangan kuasa sistem dan
meningkatkan voltan pada bas. Pendekatan baharu ini telah diuji pada sistem bas standard
IEEE 30. Kajian ini-digunakan pada sistem pengedaran 20 bas dan 21 saluran di Medan,
Indonesia. Keputusan yang diperolehi ialah pemasangan DG digunakan pada bas 2
dengan bekalan kuasa aktif dan reaktif sebanyak 676.6612 MW dan 240.2443 MVAR.
Terdapat.penurunan dalam kehilangan kuasa sebanyak 52.55% daripada 718.16 MW
kepada 340.77 MW dan profil voltan menjadi jauh melebihi 0.9500 p.u. Keupayaan

sistem selepas pemasangan penjana teragih dianggarkan sehingga 10 tahun..

XX



Optimization of Distributed Generation Placement and Capacity in Distribution
System using Genetic Algorithm Method

ABSTRACT

Population growth, economic growth, and industrial development can lead to an increase
in the need for electrical energy. The continuous increase in the load on the electric power
system can result in a decrease in the capacity of the existing power grid. This decrease
can be shown by increasing power losses, decreasing voltage so that-the system capacity
decreases. One solution is to add a source of electrical energy ditectly to the load side by
installing a distributed generator (DG) in the system. The injection of distributed
generators into the power system can significantly affect the system. The effect that
occurs depends on the location and size of the DG In this study, the Genetic Algorithm
approach is used to determine the location ‘and optimum capacity of a distributed
generator (DG). How long the system's, capability after the installation of distributed
generation (DG) is also assessed. Preper’placement and optimal DG capacity can reduce
system power losses and increase bus voltage. This new approach has been tested on the
IEEE 30 standard bus system.' The study was applied to the 20 buses and 21 lines
distribution system in Medan Indonesia. The results obtained are that the DG installation
is applied to bus 2 with active and reactive power supplies of 676.6612 MW and 240.2443
MVAR. There was a decrease in power losses by 52.55% from 718.16 MW to 340.77
MW and the.voltage profile became well above 0.9500 p.u. The capability of the system

after installation of the distributed generator is estimated to be up to 10 years.
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CHAPTER 1 : INTRODUCTION

1.1 Background of study

Energy is important for all living things in the world. Energy cannot be made and
destroyed but can be transformed from one form to another. In this regard, the interests
of modern lifestyles are increasing, because a faster life means faster communication,
faster manufacturing processes, and transportation (Atzori et al., 2017)..Onelof the largest
consumer markets in the world is the electric power industry. Electrical energy is the need
for the fastest-growing energy source, and over the next 25 years, it continues to exceed
overall energy consumption. The electricity sector is now attracting more investment than
the combined oil and gas sector - investment is needed as changes in the generation mix

and aging infrastructure are improved (Brown, 2017).

The electric power systemis in desperate need of alternative generation other than
the conventional type because it faces increasing demand (Centre, 2020). Electricity costs
are calculated at around 50% for fuel, 20% for power generation, 5% for transmission,
and 25% for distribution which increases the need for alternative resources at the
allocation level (Schiffer et al., 2018). The distribution system should deliver electricity
to any customer's service centre at the proper voltage level. According to estimates by
the International Energy Agency (IEA) (Centre, 2020), up to 2030 global energy demand
will increase by 45% with an average increase of 1.6% per year. Most of about 80% of
world energy needs are supplied from fossil fuels while renewable energy-based energy
use involves hydropower (2.0%), biomass and waste energy (1.3%), and other renewable

energy (6.6%).



According to AEO 2008, total electricity sales rose 29 percent, from 3,659 billion
kilowatt-hours in 2006 to 4,705 billion in 2030, with an average rate of 1.1 percent per
year. Relatively slow growth follows the historical trend, with growth rates delaying
down in the next decade. Electricity sales, which are powerfully influenced by economic
growth, are expected to increase by 39 percent in the case of high growth of 5,089 billion
kilowatt-hours in 2030, but only 18 percent in the case of low growth of 4,319 billion
kilowatt-hours in 2030. In figure 1.1, the biggest increase is in the commereial sector,
which is 49 percent from 2006 to 2030 (Figure 1.1), because the.setrvice industry
continues to drive growth. Electricity demand grew by 27 percent in the housing sector
and only 3 percent in the industrial sector. Population /;growth and income lead to
increased demand for products, services, and floor'space. The population shifting to

warmer regions also increases the need for cooling (Centre, 2020).

- C ial
2000 History Projections ommersia
/ Recidensial
1500 - -
r’"/-
Industrialial
1000 -
-‘_/_‘_.
500 -
1980 1995 2006 2020 2030

Figure 1. 1 Annual electricity sales by sector, 1980-2030 (billion kilowatt-hours)
(Centre, 2020)



Furthermore, research shows that around 13% of the total energy produced is lost
in the allocation system. Losses that cannot be ignored have a direct influence on the
financial aspect and the overall efficiency of utility allocation (Schiffer et al., 2018). All
of this leads to an increase in energy demand. Innovative distribution networks are always
faced with increasing load demands, this increase in load leads to increased power losses
and reduced voltage profiles. Even in certain industrial areas that have a critical load, it
can cause a voltage profile to collap (Larik et al., 2019). Therefore, improving the voltage
profile and reducing electric power loss, required the optimal placement and size of the

distributed era.

Modern electricity distribution webs are always faced with increasing demand for
loads, which results in increased power losses.and reduced voltage profiles (Ismael et al.,
2019). Distribution networks also have the characteristic that the magnitude of the voltage
at the node can be reduced when.moved from the substation. This voltage drop is
especially due to an inadequate-amount of reactive power. Even at critical loads in certain
industrial areas, it canh.cause voltage collapse. Thus to increase the voltage profile and
avoid voltage collapse, reactive compensation is needed (Ghahremani et al., 2018)
(Brown, 2017). The ratio X and R for distribution are lower than the transmission line,
thisresults in a higher power loss and also a decrease in the voltage magnitude along with
the radial distribution (Brown, 2017). These non-negligible losses have a direct impact

on financial problems and the overall efficiency of the allocation utility.

The requirement to improve general power delivery efficiency has forced electric
utilities to reduce losses on the distribution level. Many arrangements can be made to

reduce these power losses such as network reconfiguration, placement of shunt



