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Review on techniques of optimal placement and sizing of DG in
distribution systems

Abstract: Distributed generation (DG)is a term describing the generation of the electricity use on other side rather than transmitting energy over the
electric grid. By using this (Distribution generation) DG in power system plays a major role in improving voltage profile, reduce the power losses and
improves stability of the substation. Distribution generations (DG) are located near to load centres, so care should be taken while allocating DG in
the power system to increases the benefits. By placing the distributed generators in the distribution system (primary distribution system) the real,
reactive power and improving the voltage profile can be managed in optimal way will be explained in this paper. Optimal Allocation of the DG is
identified by using the using the VSI, ratings are computed by using the different optimal techniques. The power loss reduction and better voltage
regulation can be attained by using the optimal techniques. A clear and complete analysis of performance should be carried throughout the work to
demonstrate the efficiency of the system.

Streszczenie. Generacja rozproszona (DG) to termin opisujgcy wytwarzanie energii elektrycznej po drugiej stronie, a nie przesytanie energii przez
sie¢ elektryczng. Dzieki zastosowaniu tego (Generacja dystrybucyjna) DG w systemie elektroenergetycznym odgrywa gtéwng role w poprawie profilu
napiecia, zmniejszeniu strat mocy i poprawie stabilno$ci podstacji. Generacje dystrybucyjne (DG) znajdujg sie w poblizu centréw obcigzenia, dlatego
nalezy zachowac ostrozno$¢ podczas przydzielania DG w systemie elektroenergetycznym, aby zwiekszy¢ korzy$ci. Poprzez umieszczenie
rozproszonych generatoréw w systemie dystrybucyjnym (pierwotny system dystrybucyjny) w niniejszym artykule zostanie wyjasniona rzeczywista
moc bierna i poprawa profilu napiecia. Optymalna alokacja DG jest identyfikowana przy uzyciu VSI, oceny sg obliczane przy uzyciu réznych
optymalnych technik. Zmniejszenie strat mocy i lepszg regulacje napiecia mozna osiagngc¢ przy uzyciu optymalnych technik. W trakcie prac nalezy
przeprowadzi¢ jasng i kompletng analize wydajnosci, aby wykaza¢ skuteczno$¢ systemu. (Przeglad technik optymalnego rozmieszczenia i

wielkosci DG w systemie dystrybucji)
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Stowa kluczowe: rozproszone systemy dystrybucji energii, optyma;lizacja

lintrooduction

Nowadays, the demand for electrical power has been
increasing rapidly. Due to the limited resources the
generation stations and transmission systems expansion is
less. For last 20 years a lot of research going on the DG.
Dugan and MC.Dermott, T.E[1] defined the dispersed
generators systems as below: dispersed generators are the
generators that are interconnected with the distribution
system and power distribution is less than 10Mega
Watt.Basically, the larger units are connected to the
transmissionlines  directly. Dispersed generators are
installed in system where the power distribution is not more
than 1 or 2Mege Watt and most of them are installed by
utility. This type of power generation is called as “Dispersed
Generation”.

By the load flow analysis, the system operation
conditions like phasor voltages, real and reactive power
flow will obtain. To solve the power flow problem, many
algorithms are developed for transmission network. These
algorithms for low voltage distribution network are not
suitable, since they are inefficient to these networks.
Forward and Backward Sweep (FBS) methods are
proposed by Augusto Cesar dos Santos and Marcelo for
easy implementation and robustness in power flow analysis,
to get load flow solutions without solving the equations, they
consider radial distribution network [2].

The problems arise as the load demand on the
distribution system increases and many changes occur
when the load increases from low to high.
M.Chakravortyand D.Das [3] proposed VSI technique is

used in RDS. The sensitive node of the system will be
identified by a numerical method approach, which was
represented by voltage source index(VSI). This method will
protect the distribution system from the faults by initiating
automatic remedial actions and the distance between two
points (working and the constant point) can be find by the
voltage source index (VSI). Voltage faults will occur at the
node (sensitive node) of the distribution system and later all
other nodes (sensitive nodes)of the system will effect.

Kyu-Ho-Kim and Yu-Jeong-Lee [4] presented a logic
approach for placing distributed generation (DG) in radial
distribution system. The main aim of the technique is to
decreases the cost of the power loss of the radial
distribution system. By implementing this logic, constrains
can be transformed into the unconstrained multi-objective
function.To reduce the losses, Caisheng Wang[5] proposed
a method for calculating the optimal size of the Dispersed
Generators and for identifying optimum location. This
technique is tested with different sizes and complexities, the
obtained results are compared with exhaustive power flow
techniques.

A. Lakshmi Devi [6] proposed the Optimal Dispersed
Generation unit by using the Frizzy logic. By using this
method, we can find the optimal size of Dispersed
Generation and the node is identified by using reasoning
technique. Dispersed Generation installed at the node with
high suitable index and power. The power losses of the
radial distribution system nodes are designed by using the
frizzy logic.
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As the load demand increases the power distribution
network is facing many problems to meet the demand, this
increasing load reduced voltage and increases of the power
loss[7].If the voltage at the nodes reduces as the nodes are
far away from the substations. The voltage varies by the
requirement of the reactive power in the system. In
industrial sector this is the main reason to collapse the
voltage. For improving the voltage profile and to avoid
voltage collage in the power system reactive compensation
is required [8-9].The ratio of reactance to resistance for the
distribution system is low compared to that of the
transmission system. This causes large amount of power
losses and voltage magnitude drops along the RDS (radial
distribution system) lines [10-11].

Distributed generation

The distributed generation (DG) is divided into two
types:

I) Renewable energy sources
generators.

Il) Non-renewable resources (NRES) (or) Fossil fuel-
based sources distributed generators.

Distributed generators have the low environmental
emission and more flexible in installing within short period of
time [37]. By using these technologies like renewable-
powered generators are environmentally friendly in nature.
Some of the distributed generations are standard
centralized generation technologies in cost and operational
aspects. Distribution generators allocation is basically
difficult issue in the distribution system, which requires
many optimization objectives [34]. For the reduction of
reactive power and real power losses, increasing the
voltage profile, short circuit capacity and carbon emanation
etc is shown in figure 1.

(RES) distributed

Fig.1. Distributed generation

As the number of distributing generators currently
increases uniformly the distribution networks like operation,
generation, control and other issues may also effect. In real
time by using the power electronic components the smaller
quantity of reactive power can be observed or produces
[46-47]. So, this will be a great concern for utilities like wind
energy generators [48].

Distributed Generation concept has achieved more
attention as of its innumerable advantages. So far DG has
no uniformity over definition and size across the world. The
definition for DG units varies with country and region. For
instance, Anglo-American countries habitually use the term
‘embedded generation’, North American countries as
‘dispersed generation’, and Europe and some parts of Asia
as ‘decentralized generation’.

Significance of optimal DG allocation and sizing

Optimal DG allotment has accomplished a lot of
significance because of its different benefits. Nonetheless,
combination of DG into a current framework will be a vital
and troublesome undertaking. Since DG mix changes the
conduct of organization from uninvolved to dynamic Bi-
directional force stream at last ascents framework
misfortune and influences unwavering quality and
operational strength [11]. In [12], DG limit speculation is
treated as an alluring decision in conveyance framework
arranging. Financially it is absurd to expect to apportion DG
on every single transport which may prompt antagonistic
impacts [13].

Generally, power losses of the distribution system are
low compare to the transmission system in the power
system. These power losses will impact on the efficiency
and the financial issues of the distribution system. For
improving the overall efficiency, the power losses should be
deceased to appropriate level. Many factors are to be
considered to reduce the power losses [12-13]. By installing
of Distributed Generators in the distributing system will used
to reduce the power losses ,Network stability ,improving the
voltage profile and the power factor improvement of the
system [14-17].

DG integration benefits

Integrated of DG units into a current framework will
have specialized (decreased line misfortunes, top shaving,
improved voltage profile, solidness, dependability, influence
quality, and by and large viability and so forth), monetary
(suspension for updates, less establishment cost with
diminished activity and support costs and so on) and
ecological (decreased outflow of ozone depleting
substances) benefits [32,33]. In 1999 a report distributed in
the United Kingdom says that 41% of fossil fuel byproduct
will be diminished by utilizing CHP based DG units [7,8].

The power delivered in large quantities to the sub
stations through transmission lines. The substation is the
point at which the transmission lines and distribution lines
meet. The power is distributed to the load through feeders.
We know that the supply of the distribution system is mainly
comprised 3-phase supply, and then tapped off this supply
is 1-phase supply [18-19]. The lines used for the distribution
system are highly protected from ratio of resistor to
impedance than that of the transmission lines [2]. Many
problems occur as the load demand increases on the
distribution system and the reduced voltage also effects on
the various factors like generation, planning, technical and
different other issues of the distribution system [20-21].

The power losses became the major issue in the
electrical power system. Due to the power losses in the
power system, the reactive power compensation has
become increasing and it effect on different factors like
operation, planning and other issues of the electric power
system [22-23]. In [24], different types of dispersion
networks arranging model is introduced.

The models proposed were arranging with and without
reliability consideration. Depending upon the load flow the
distributing system is planned. The load flow analysis of DS
(distribution system) is different from the TS (transmission
system) due to some in born characters.

As the load flow will effect on the operation, planning
and control and will result in sensitive node and time
quantities of the power system. There are few techniques
available at present literature. Ghosh and Das [25]
proposed a method for the radial distribution system using
the algebraic expression for receiving end voltage.
Dharmasetal [26] presented a model of non-repeatable load
flow method for improving voltage profile in distributing
system by using the tap changing transformer.
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DG allocation and sizing0- Techniques comparison

A. alytical method

B. Classical method

C. Optimization techniques

It is important to apportion DG units at the ideal area
with appropriate size to boost techno-financial advantages.
It brings about advance like minimum of generally
framework power misfortune, activity and support cost, and
improvement in voltage profile, influence quality, framework
strength, and dependability. Significant specialized
methodologies for ODG assignment and measuring are
sorted as follows [7-9,34]:

Analytical approach:

Logical strategies are performing great for little and
straightforward frameworks, not appropriate for a framework
with enormous and complex organizations [46]. Insightful
strategies explored in the current paper are as per the
following:

Tengetal [27] approaches a method for the load flow
analysis of the RDS (radial distribution system) employed
with node-injected to branch-current (NIBC) and branch-
current and node-voltage (BCNV) of distributing network
using the algebraic expression of receiving end voltage
[28-29].

» Method of Kalman filter:

It is otherwise called Linear Quadratic Estimation. lIts
precision relies upon the quantity of tests. It is utilized for
various DG allotments with a smaller number of tests.
Expansion in the quantity of tests raises computational
weight. It is utilized to decide DG size and an ideal finder
file for DG assignment [38].

» Sensitive analysis:

Nowadays there are many research papers on this topic
of distributed generation for power loss and improving of
voltage profile etc. [35-36] [37-38] [39-40]. Kashem-et-al
[41] proposed a sensitive used to detects the change in
power losses as respect to the distributed generators
current injection. Erlich et al [42] proposed a design a
method for balancing the reactive power from a number of
DG (distributed generators) in the RDS (radial distributed
system). In [43], sensitive analysis is used for finding the
optimal allocation of DG (distributed generators) network. In
[44], the optimal allocation of (DG) distributed generator by
using the voltage source index (VSI). In [45], loss sensitivity
factor is used for finding the optimal allocation of DG
(distributed generators).

Classical method:

Weak hub node strategy is affectability-based
methodology for optimal DG designation which is completed
by little world organization hypothesis programming [40]. A
misfortune decrease affectability factor technique is utilized
for choosing optimal DG area [41-43]. A scientific
methodology for taking care of optimal DG assignment
issue is utilizing misfortune touchy factor dependent on the
same current infusion. In this strategy, absolute force
misfortune minimization is accomplished without assessing
induction, the backwards of permission or Jacobian lattice.

» Gradient Search :

This describe depends on minimization and expansion
of a given capacity, inclination plummet for work
minimization and angle rising for boost. GS disregards
shortcoming level imperatives while incorporating DG unit
into coincided network [37,47].

» Non-Linear and Mixed Non-Linear
Programming

Non-Linear Programming is utilized for least DG unit
portion with improved voltage security in both outspread
and coincided networks [48]. In [49], different DG allotment
is liked for decreasing generally speaking force misfortune
and age cost. Mixed Integer Non-Linear Programming is
utilized to settle time-differing load models by changing over

discrete probabilistic age load model to deterministic [50].

Integer

» Continuation Power Flow :

Another technique was created dependent on
Continuation Power Flow confirm that DG gives a piece of
the answer for expanding load request [50].

Optimization techniques
» Particle Swarm Optimization (PSO)& Genetic
algorithm:

There are number of optimization scheduling
methods are present in our technology among them
different methods the dynamic programming (deterministic
algorithm), mixes integer programming, nonlinear
programming and Bender’s decomposing has been used. In
[48], a new approach to solve the optimal allocation of
distribution system is used. According to recent studies
mostly included the heuristic algorithms, it also includes
frizzy mathematical programming [50] and genetic algorithm
[50]. An artificial immune system and evolutionary
programming [25], Partial swarm optimization. Advantage of
population based meta-heuristics algorithms are GA & PSO
are the set of non-dominated solutions can find because of
their multi-point search capacity. Genetic algorithm gives a
‘one size will fit all’ solutions to problem solving search as
shown in figure 2 and 3.
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Calculate the fitness value 1
¥

Selection l

Crossover ‘
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Mutation ‘

s termination criteria No

satisfied?

r— — — —
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Fig. 2. Genetic algorithm

» Bat Algorithm :

It is a multitude insight-based calculation. It was
propelled by echolocation conduct of miniature bats. This is
by shifting heartbeat paces of emanation and uproar. It is
well appropriate for DG mix into an organization with
blended burdens where responsive force misfortune is
overlooked IS SHOWN IN Figure[50].

> Atrtificial Bee Colony (ABC):
It is amassing knowledge-based calculation which is
roused by rummaging conduct nectar of honey bees. It is
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well reasonable for complex issues. A tumultuous ABC
calculation is utilized for allotment of genuine force DG units
on a 38 hub and 69 hub outspread appropriation
frameworks (RDSs).

» Cuckoo Search (CS):
This calculation was enlivened by commit brood some of
cuckoo species’ parasitism. They used to lay their eggs in
other host birds' homes. CS calculation is utilized for
genuine force misfortune minimization.
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Fig. 4. Bat algorithm

> Bacterial Foraging Optimization (BFO):

It is a nature-enlivened advancement. It is utilized to
discover DG size and a misfortune affectability examination
for the area.

» Ant Colony Optimization (ACO):
It is a populace-based calculation. In this calculation,
subterranean insects track down the ideal way from their

province to the food source. It is utilized for ideal reclosers
along with DG allotment in a dispersion framework. It is a
population-based optimization algorithm. Optimization is
carried by cooperative search metaphor inspired by natural
meme-tics. It is used to improve voltage profile with
maximum benefits on a 38 — bus distribution system in
modified SFLA is used for multi-DG.
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Fig. 4. Ant colony optimization

Conclusion

The current paper plainly shows the meaning of ideal
circulation age assignment and estimating in an
appropriation framework. At the same time the examination
explains Distributed Generation coordination benefits like
force misfortune minimization, voltage profile improvement,
and decreased venture with low activity and upkeep cost
and diminished ozone harming substances emanation by
incorporating Renewable Energy Resource based
Distributed age units. This investigation likewise centres
around boundaries which rely upon ideal conveyance age
allotment and measuring. Different scientists have
effectively recognized ideal conveyance age assignment
and measuring benefits like specialized, financial and
ecological. Notwithstanding this few insightful, heuristic,
meta-heuristic and half and half advancement methods are
adjusted for ideal dissemination age assignment and
estimating. Logical methodologies are not computationally
hard for basic frameworks however not reasonable for a
framework with huge and complex organizations. Joining of
vulnerabilities related with DG vyield, load interest, power
valuing and emanation will make framework more intricate.
Meta-heuristic and hybrid procedures are well appropriate
for broadly enormous frameworks. They measure with high
precision and wonderful assembly includes. This strategy
gives worldwide ideal answers for basic single or complex
multi-target issues. It is discovered that for ideal
appropriation age distribution and estimating a few meta-
heuristic streamlining methods are performing incredibly
well.
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