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Abstract: -- Distributed Generation (DG) also known as dispersed generation is small scale generation units directly coupled
with the distributed system. There has been great interest in the installation of distributed generation sources close to the
consumer load center. The DG technologies comprise of both conventional and non-conventional sources of energy to generate
power in order to satisfy the demand of ever rising energy demand. Optimum position and size of DG units can aid the
performance of active power system network. Integration of DG units of optimum capacity at ideal locations improves the
voltage profile of the system and minimizes the active and reactive losses of the system. In this paper, state of the art techniques
for optimum placement and sizing of DG have been suggested. The paper provides an overview of the various methods
implemented for determining optimal location and capacity of DG units to maximize the benefits of DG units in the system

network
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I. INTRODUCTION

The deregulation of the electricity sector has created many
opportunities to develop new technologies. Dispersed
generation is one of those technologies to meet the ever
increasing demand of electricity. The term “Dispersed
Generation” refers to small-scale electric generation units
close to the point of consumption. The advantages could be
maximized by proper positioning of DG units at optimum
location with ideal capacity and suitable type of DG unit.
Distribution generation allows collection of energy from many
sources and may give lower environmental impacts and
improved security of supply. The benefits of integrating DG
are segregated into technical, economical and environmental
benefits. Technical advantages comprise of voltage
improvement, minimization of real and reactive power losses,
enhancement of system efficiency, increase in system
reliability, improving power factor of the system and therefore
improving power quality of the system. The economical
benefits include the reduction of transmission and distribution
congestion, decrease in electricity transmission pricing and
better performance of network system in deregulated utilities.
The environmental benefits constitute the reduction in the
emission of pollutants, less noise pollution and extra saving of
fuel [1-5]. Several researchers have been working this area to
avail the maximum benefits from the integration of DG units
in the power system. With the deregulation of the power
system network, it is important for the electrical utilities to
maximize the paositive effects of DG [6]. Numerous methods

have been proposed to determine the optimum location and
size of DG in order to improve the voltage level and for loss
minimization. Improper location and non-optimum capacity of
the DG unit can have negative impact on the active power
system network. It may cause the voltage to rise above a pre-
determined voltage level, increase of fault current in the
system, poor efficiency and elevation of system losses.
Therefore, it is necessary to find out the optimum location and
size of DG units along with its type to enhance the working
and planning of active network. This paper suggests various
techniques to determine the ideal location and optimum size of
DG units for voltage level improvement and loss minimization

Il. DISTRIBUTED GENERATION

The electric power generation units placed near to the load and
connected directly to the distribution networks is defined as
DG. On the basis of the power delivering capability, the
classification of DG majorly of four types based on their real
and reactive power delivering capabilities are as,

Type-1: DG delivers only active power at unity PF of DG
(PFDG = 1). Examples include photovoltaic, micro-turbines,
and fuel cells and so on.

Type-2: DG delivers only reactive power at zero PF of DG
(PFDG = 0). Examples include synchronous compensators
such as gas turbine.

Type-3: DG delivers active power but consumes or absorbs
reactive power (Q is negative) at PF range between 0 and
1(i.e. 0< PFDG < 1). For example induction generator (wind
farm)
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Type-4: DG delivers both active and reactive powers at PF
range between 0 and 1 (i.e. 0 < PFDG < 1). Examples include
synchronous  generators  or  synchronous  machine
(cogeneration, gas turbine, etc.). When DG is installed at
optimal location then power factor (PFDG) of DG is
considered as an optimal PF (OPFDG) which is given by the
following equation,

P
OPFp; = ——=

VP + Qbe

Where PDG and QDG are active and reactive powers of DG
respectively. Different types of DGs consider the dispatch
able, non-dispatch able or combinations of both with DG
operation at OPF are optimally placed.

I11. DIFFERENT DG TECHNOLOGIES

Different DG technologies are available in the market today.
DG size ranges from a few kilowatts to less than 10
Megawatts. Distributed generation resources (DER) can be
classified into renewable DG resources and conventional DG
resources. Several DG technologies along with their size and
applications are shown in Table 1.

No. DG Type Size Application
1. Micro- A few kW | Peak load
Turbines to  several | saving.
hundred
MW

2. Fuel cells | A few tens | Base load
of kW to a | applications,
few MW used as a

module to serve
large loads.

3. Photovoltaic A few W to | Stand alone and

cells several base load
hundred Kw | applications.

4, Wind turbines | A few | Remote homes,
hundred W | farms, industry
to a few | application.
hundred
MW

5. Combustion A few | Peak load

diesel hundred saving and
engines MW backup
operation

IV. PROBLEM FORMULATION

The problem of optimum allocation and size of
distributed generation units comprise of various parameters.
The objective functions and operation constraints should be
well defined in order to attain maximum benefits by
integrating DG units in the system network.

A. OBJECTIVE FUNCTION.

The problem objective of optimum placement and
sizing of DG can be single or multi objective. The single
objective functions could be real loss minimization, reactive
loss minimization, voltage level enhancement, maximization
of DG capacity, reduction of cost of generation and
minimization of voltage deviations. Multi objective functions
are attained by combining single objective functions using
weighting factors. The optimal sizing and placement of DG
results in minimum loss in the distribution system [7].The
total real Loss in a distribution system is given by:

Piosses = Z?I=1|Ii2|Ri 1)

Where |; is the current magnitude of each branch and R; is the
resistance of i™ branch. Considering N bus distribution
systems, the loss minimization may be formulated as given
below:

Minimize Py =3V YN oy (PP + Q:Q;) + By (Q:P —
P,Q;)] (2
R;ij
Where aij = Tv{jcos(é‘i — (S]) (3)
Rij .
ivj
and Zij = Ry + X5 5)
where

Zjj is the impedance of the line between bus i and bus j;
Rj; is the resistance of the line between bus i and bus j;

Vi is the voltage magnitude at bus i;
Vi is the voltage magnitude at bus j;
S is the voltage angle at bus i ;
Jj is the voltage angle at bus J;

P; and Q; is the active and reactive power injection at bus i;
Pj and Qj is the active and reactive power injection at bus j;
B. CONSTRAINTS

The most popular constraints to solve the problem of
sizing and location of DG units are voltage limits, real power
limits, reactive power limits, power flow limits, short circuit
level ratio limits, maximum number of DG units and size of
DG units. Equality Constrain: For each bus, to meet demand
and supply the following load balance equation (6) should be

satisfied.
n n
Z Ppgi < Z Ppgi
i=1 i=1
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In Equality constrain: Voltage limits for each bus, there should
be an upper and lower voltage bounds in
equation (7)
V™ < V| < v e
0.93,, < [Vi] £1.07,,

Where Vi, is the minimum bus voltage and V. is the
maximum bus voltage
C.NUMBER OF DG UNITS

The problem of sizing and placement of distributed
generators is categorized into single DG unit and multiple DG
units.
D. TYPES OF DG UNITS

DG can be classified into four major types based on
their terminal characteristics in terms of real and reactive

power delivering capability as follows:
1) Type 1: DG capable of injecting P only.
2) Type 2: DG capable of injecting Q only.

3) Type 3: DG capable of injecting both P and Q.
4) Type 4. DG capable of injecting P but consuming Q.
Photovoltaic, micro turbines, fuel cells, which are integrated to
the main grid with the help of converters/inverters are good
examples of Type 1. Type 2 could be synchronous
compensators such as gas urbines. DG units that are based on
synchronous machine (cogeneration, gas turbine, etc.) fall in
Type 3. Type 4 is mainly induction generators that are used in
wind farms.
5. METHODS FOR OPTIMUM LOCATION AND
SIZING OF DG UNITS

There are numerous methods invented to determine
the optimum location and size of DG units for voltage profile
improvement and loss minimization. However, other
objectives like reliability, maximization of DG capacity, cost
minimization have also been discussed in many research
papers. Fig.1 shows the classification of different techniques
for solving the problem of allocation and sizing of DG units in
the network system.
5.1 LOAD FLOW BASED METHODS

The load flow or power flow problem consists in
finding the steady-state operating point of an electric power
system. More specifically, given the load demanded at
consumption buses and the power supplied by generators, the
aim is to obtain all bus voltages and complex power flowing
through all network components. During the daily grid
operation, the load flow constitutes the basic tool for security
analysis, by identifying unacceptable voltage deviations or
potential component overloading, as a consequence of both
natural load evolution and sudden structural changes. It also
allows the planning engineer to simulate different future
scenarios that may arise for a forecasted demand.

5.1.1 NEWTON RAPHSON

Newton Raphson method is a simple load flow based
method is used to solve the problem of optimal location of a
single DG unit which is delivering only real power in the
system [8]. A load flow based method for optimal location of
dispersed generation unit delivering only real power for
voltage profile improvement has presented in [9]. A load flow
based approach for optimum allocation of DG units for
voltage profile improvement and loss minimization has
suggested in [10]. A Newton Raphson load flow method for
optimal sizing and placement of DG units using weighting
factors has proposed in [11]. The cost and loss factor
minimization are also discussed in this paper.
5.1.2 FORWARD/BACKWARD LOAD FLOW METHOD

A Forward/backward sweep method for load flow is
an iterative technique in which, at each iteration two
computational stages are performed. With the aid of two sets
of recursive equations, load flow of a single source network
can be solved iteratively. The first set of equations for
calculation of the power flow through the branches starting
from the last branch and proceeding in backward direction
towards the root node. The second set of equations is used for
calculation of the voltage magnitude and phase angle of each
node starting from the root node and proceeding in the
forward  direction towards the laOlst node. A
forward/backward load flow technique for optimal placement
of DG units has presented in [12]. An approach for optimal
allocation and sizing of DG units using forward/backward
sweep method has presented in [13].
5.2 NUMERICAL TECHNIQUES
5.2.1 NON-LINEAR PROGRAMMING METHODS

A mixed integer non-linear programming method for
optimal placement of DG units has presented in [18]. A non-
linear programming method has employed for optimal
allocation of different types of DG units considering
electricity market fluctuations in [19].
5.2.2 LINEAR PROGRAMMING METHODS

A linear programming method has used to solve the
problem of optimal placement and sizing of DG units to attain
maximum DG energy harvesting has proposed in [20]. Linear
programming is perhaps the most widely applied mathematical
programming technique. Simply stated, linear programming
seeks to find the optimum value of a linear objective function
while meeting a set of linear.
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VI.PROPOSED METHODOLOGY

i) MOF-BASED PROBLEM FORMULATION:

This part introduces the MOF-based problem
formulation for optimal positioning and sizing of multi-DG
uses GA and PSO techniques in different test system with
MOF explained as
MOF = k1PLI + k2QL1 + k3VDI + k4RI + k5SFI
Where k1, K2, k3, k4 and k5 are the indices weight factors
and PLI, QLI, VDI, RI and SFI are active power loss, reactive
power loss, voltage deviation or profile, reliability and
sensitivity or shift factor indexes of system, respectively. The
multi-DG approach considers the installation of three-DG in
the test systems. The detailed concepts for selecting the weight
factor of the indices are given in [10-12]. All these weight
factors are decided on the basis of the individual impacts and
importance of the particular index while installing the DG.
The main aim is to minimize the overall power losses of the
system, so the active PLI gets the highest weight of 0.38, after
that QLI gets second highest weight of 0.25. The VDI gets a
weight of 0.15, to maintain the power quality and voltage
profile of the system. The RI indicates the reliability of the
system hence it gets a weight of 0.12. The SFI decides the
change in power at other buses due to particular injection of
the DG size at the bus; hence it gets a weight of 0.10.
6.1SYSTEM PARAMETER CALCULATIONS:

Active power losses (PL)
PL = 3,2 |l |2 X Ry
Reactive power losses (QL)
Npr

QL = zllbrlz X Xpr
k=1

Where | is the branch currént, Ry is the resistance, Xy is the
reactance of kth branch or line.
Substation power supply cost is

— 2 2
Csubstation = Csubstation X \[Psubstation + qubstation

Csubstation substation X Ssubstation

VII. EVOLUTIONARY ALGORITHMS

7.1 GENETIC ALGORITHM

The genetic algorithm is a robust optimization
technique based on natural selection. The basic goal of GA is
to optimize functions called fitness functions. It is an artificial
intelligence technique which has been applied in various
optimization problems such optimal DG placement. The
Genetic Algorithm (GA) is an optimization technique based
on natural selection and genetics [21]. In case of DG
placement, fitness function can be loss minimization, voltage

profile improvement and cost reduction. A combined GA and
tabu search is suggested in [22]. Genetic algorithm is a robust
optimization technique for load shedding in micro grids has
discussed in [30]. The GA for handling the target problem
primarily includes the following steps.

Step 1): Initially, a set of chromosomes is created in a
random fashion.

Step 2): The fitness of each chromosome is evaluated
based on the objective function defined.

Step 3): Based on the fitness value of each
chromosome,  different  genetic  operators including
reproduction, crossover, and mutation are applied in the entire
population in order to produce the next generation of
chromosomes.

\Step 4): Repeat steps 2 and 3 until any stopping
criterion is satisfied. The chromosome with the highest fitness
value is the final solution to the target problem.

7.2 PRACTICLE SWARM OPTIMIZATION

Kennedy and Eberhart proposed the first Particle Swarm
Optimization (PSO) in 1995 [23].Applications, developments
of PSO method have suggested in [24]. A PSO based method
with variable load models for optimal allocation of different
types of DG units has discussed in [25]. An improved PSO
and clonal algorithm based method for optimum allocation of
DG units has explained in [26]. In PSO, a swarm of n
individuals communicate either directly or indirectly with one
another search directions. PSO is a simple but powerful search
technique. A hybrid GA and PSO is suggested in [27]. The
(original) process for implementing the global version of PSO
is as follows:

Step 1: Initialize a population (array) of particles with random
positions and velocities on d dimensions in the problem space.
Step 2: For each particle, evaluate the desired optimization
fitness function in d variables.

Step 3: Compare particle's fitness evaluation with particle's
pbest. If current value is better than pbest, then set
pbest value equal to the current value, and the pbest location
equal to the current location in d-dimensional space.

Step 4: Compare fitness evaluation with the population's
overall previous best. If current value is better than gbest, then
reset gbest to the current particle's array index and value.

Step 5: Update the position and velocity of each particle with
respect to the gbest.

Step 6: Repeat Step 3 & 4 till the optimum solution is reached.
Step 7: gbest at the end of the last iteration gives the optimized
value.

Step 8: Compute the Duty-cycle.

All Rights Reserved © 2017 IJEREEE 35



#%IFERP

connecting engineers... developing research

ISSN (Online) 2395-2717

International Journal of Engineering Research in Electrical and Electronic
Engineering (IJEREEE)
Vol 3, Issue 9, September 2017

VIII. RESULTS AND DISCUSSIONS

The multi-DG installation with MOF is presented in this work
using different optimization techniques. The type of DG and
its PF is decided based on the optimal DG location
requirement in particular system. All the results for the
proposed methodology are carried out with MATLAB
(2009a)/Mat power 4.1 tool with the system configuration
windows-8.1, AMD-E1-1500APU, 1.48 GHz and 2.0 GB
RAM. The population or swarm size and iterations are 30 and
50, respectively, for this work.
8.1 33-Bus radial distribution system

The 33-bus radial distribution test system with total
real and reactive power loads 3.72 MW and 2.30 MVAr,
respectively, which is used in this section and the load and
branch data of 33-bus system. The results for optimal planning
of multi-DG with different load models in the 33-bus radial
system by using soft computing techniques such as GA and
PSO are given in Tables 2-9 and Figs. 3-6.

Table 4 Active and reactive power losses for 33-bus
radial system with multi-DG

Load type Losses No-DG DG-PSO | DG-GA
constant load PL, MW | 0.2019 0.0148 0.0213
QL, MVAR 0.1345 0.0119 0.0167
industrial load | PL, MW | 0.1611 0.0138 0.0181
QL, MVAR 0.1075 0.0112 0.0152
residential PL, MW | 0.1589 0.0153 0.0168
load QL, MVAR 0.1054 0.0132 0.0149
commercial PL, MW | 0.1552 0.0198 0.0201
load QL, MVAR 0.1031 0.0151 0.0162
mixed load PL, MW | 0.1583 0.0153 0.0191
QL,MVAR | 0.1052 0.0127 0.0150

I’X. CONCLUSION

This paper has suggested an overview of state of the art
techniques implemented to solve the problem of sizing and
position of DG units in the network system. The solution
methodology implemented to solve the problem of optimal
allocation and size of DG units are categorized as load flow
based techniques, numerical methods, analytical methods,
evolutionary algorithms such as GA, PSO etc. This problem
may include various objective functions, numerous constraints
to solve the location issues of DG units. The most common
objective function is the reduction of real losses, reactive
power losses and voltage profile improvement. It can be
concluded that the numerical and analytical methods are time

consuming and not very efficient to solve the problem of
placement and size of DG sources in the system. Evolutionary
algorithms such as PSO, GA etc are very feasible and easy to
implement.
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