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Abstract

In this paper, multi objective approach used for Optimal Location and Sizing (OPS) of Distributed Generation (DG) unit using Particle
Swarm Optimization (PSO) algorithm. The objectives used are Voltage Profile Improvement Index (\VVPII) and Locational Marginal
Price (LMP). In order to improve the voltage profile and to lessen the congestion above two objectives are combined and formulate the
multi objective optimization (MOO) problem. To solve the MOO problem metaheuristic optimization technique called PSO has been
used. It is verified on IEEE 14-bus system to illustrate the effectiveness of the PSO.
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Introduction

The applications of DG are extremely increasing in recent years with special parameters, ratings and objectives to improve
the efficiency of power systems. This is mainly due to growing attention in efficient performance of power networks and
requirement in advancement of existing power plants. DG is a non-conventional energy source & these are usually placed
near to load centers. Incorporation of power system with DG causes to voltage profile enhancement, lessening in Total
Harmonic Distortion (THD), loss reduction & power quality improvement [1, 2].

DGs can be efficiently used for the recovery of distributed networks under unusual conditions by providing the minimum
power requirements. By considering the equipment and operational constraints, DG unit installation is able to postpone an
expensive system upgrades. In such cases, the abosolute conclusion will depend on DG units predictable cost which
contains the capital costs corresponding to operation and utilization. To correctly decide about the OPS of DG units the
result will be based on operating cost of DG, VP and congestion of the system are important for the independent system
operator (1SO). There are numerous documents and literature about OPS of DG units for decline of system losses,
improvement of social welfare, and enhancement of voltage profile, mitigating THD and fortification of system reliability
[3]. Though, the congestion management in deregulated environment has not been considered in the DG problem and
requires more attention and focus.

In conventional power plants generation, transmission, distribution and utilization are in a sequence to supply power to
customers. The system of centralized power plant is shown in Fig. 1 and it has many disadvantages. Conventional power
plants has the power loss in long transmission lines, the creation of nuclear waste, greenhouse gas production, inefficiencies
in transmission lines, environmental distribution where the power lines are constructed and security associated issues [4].
These systems suffer with the transmission distance issues also. These issues can be reduced through DG units.

By placing the source near the end-user or at the end-user locality the transmission line matters are reduced. DG units
are often generated by many renewable energy sources as shown in Fig. 2. Latest innovations permit the power to be
produced in diminutive measured stations [5]. Also, the expanding utilization of conventional sources so as to decrease the
natural brunt of power generation leads to the improvement and function of latest power stations [6, 7]. With this new
commencement, the generation is not limited to phasel. For this reason a quantity of power demand is delivered by central
generation and an additional division is created by dispersed generation, with this the electrical energy is to be delivered
nearer to clients as shown in Fig. 3.
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Fig. 1: Conventional industrial formation of the electrical power supply
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Fig. 2: DG Electricity Paradigm

Mohammad A.S. Masoum (2011)-[8]: This paper presents the algorithm PSO to find out the optimum place to insert
the DG and optimum size of the DG. The objectives in this paper are congestion management in order to reduce the LMP
differences in between various buses. VP improvement and minimization of cost of investment and operating cost
Mithulananthan.D.G.N.(2007)-[9]: This paper presents two new methodologies for the optimum place to insert the DG and
optimum size of the DG in a wholesale electricity market in an optimal power flow. The problem is stated for optimal
place, with the optimal size. Two objectives are social welfare maximization and profit maximization.

Carpinelli, G.C. (2007)-[10]: This paper presents the optimal place of DG and optimal size of DG by connecting the
DG to the distribution system using electronic devices. Performing by using multi-objective approach and a constarined
technique is taken to solve the problem Harrison; L.F.O.A.P.-F. G. P. (2006)-[11]: This paper uses the multiobjective
approach to solve the problem of where DG should be connected to the distributed system by giving priority to the technical
problems.Quezada, V.H.M.A., J.R.; Roman, T.G.S.; (2006)-[12]: This paper deals with computation of annual energy
losses differentiations when diverse concentration levels and penetration levels of DG are attached to a distribution system.

Alinejad-Beromi, Y.S., M.; Sadigshi, M.; (2008)-[13]: The main aim of this paper would be DG OPS for VP
improvement, THD reduction and loss diminution in distribution systems using PSO.Hermann W. Dommel (1968): A
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realistic technique is proposed to automatically reduce the instant loss and costs by taking control variables as reactive
power, transmission ratios and real power to solve the power flow problem. S.A. Hosseini, S.H.H. Sadeghi, A. Askarian-
Abyaneh (2014)-[14]: This paper deals with the existing distribution system to improve the system parameters like VP,
short circuit levels and power losses by using GA and this method is using to find OPS of DG sources by keeping the
protective system unaffected.
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Fig. 3: New industrial formation of the electrical power supply

The main objective of this paper is OPS of DG units [15] for VP improvement and congestion management. IEEE
14 bus system is taken to show the use of the projected PSO. Multi objective function considered to improve VP is taken
as VPII and for congestion management is LMP based method. Using multi-objective optimization method combining the
two objectives using weighted sum method, one OPS of DG unit is found using PSO algorithm.

Problem Formulation

To determine the OPS of DG units for voltage profile enhancement, the subsequent voltage-based criteria can be
taken [16]. The voltage profile VP, of the j™ bus of the system is determined as

VP] — (Vj_Vminimum)(vmaximum_vj) (1)

Vnominal=Vminimum) Vmaximum-Ynominal)

WhereVyinimum: Vmaximum a0 Voomina are the minimum, maximum and nominal voltage values respectively,

the whole network voltage profile index VP, of the system is indicated.
1

Vpavg = m ;’11 VPj (2)
Where m is the number of buses in the power system. The VP improvement index (VPII) for the system is defined as
VPII = VPavg withDG (3)

VPavg withoutDG
The optimization problem can be stated as
max(VPII) 4)

When the transmission lines are overloaded and/or large differences in the LMP values convey that there is
congestion in the system.
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LMP, = 2° + A° + A!

®)
The objective function becomes
Y = difference (LMP) (6)
Objective = (minimum(Y)-maximum(Y)) 7
F= Max (objective) (8)

Here IEEE 14 bus system is considering by assuming that it is a lossless system. Each bus of the system having LMP
value [17], Y is the differences of the LMP values which are differentiated from the subsequent LMP value. So there will
be 13 values to the variable Y. The value of the objective will be negative. So maximizing the objective means to take the
LMP difference to zero by including the DG using PSO algorithm.

MULTI-OBJECTIVE OPTIMIZATION

A multi-objective optimization is a combination of more than one objective function which is to be maximised or
minimised. There are several ways to solve multi-objective optimization (MOQO) problem, among them weighted sum
method is the simplest way to solve by creating a single meta-objective function [18]. The most common approach to solve
multi-objective optimization problem is weighted sum method which is presented by Ramanathan. This technique forms
two or more objectives into a single-objective by pre multiplying every one objective with a user supplied weight. After
formulating the objective functions, a merged objective function is formed by summing the weight multiplied objective
functions the multi objective optimization problem becomes to the single objective optimization. Optimization problem
can be stated as

Max (( W, *first objective) + (W, *second objective)) 9)

W,, W, are the weights using in multi-objective optimization. By giving weights to each objective, MOO is

performed.

PSO Algorithm
The algorithm for optimal power flow using PSO is described in the following steps
1. Read data
2. After reading the data of particles the maximum and minimum velocities of the particles are calculated using the
limits of the particle as

VM = (XM — Xm)/T (10)
Vi = —Vu (11)
3. Using the maximum and minimum velocities, random velocities of the particles are generated as
vel = v, + (vy — V) * rand (12)
4. A set of particles are generated randomly by using the formula
D = xp, + (X — Xp) * rand (13)

5. The particles are grouped into population.

6. For each set of randomly generated particles the load flow solution is obtained.

7. Obijective function value is calculated at the end of each load flow for all the randomly generated populations and
is stored as local best particles. The best particles among the local best particles are identified and are stored as
global best particles.

8. The velocities of the particles randomly generated are updated using the formula

Avel = w xvel + (¢, x rand, xlocal,,,, — D)
14
+(c, x rand, x gloal,, — D) -
D =D + Avel (15)

9. After checking the limit of the velocities generated the updated particles are assigned to respective particles and
the load flow is performed for all the populations.

10. Obijective function is calculated at the end of each load flow for every updated population and is compared with
the local best particles. If the particles obtained are best when compared with previous local best, then the local
best values are updated.
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11. The global best values and particles are updated based on the updated local best values and particles. If the new
global best obtained is comparatively best than the previous best value, the old particles are updated with the next
best one.

12. Repeat the process until reach the maximum number of iterations

13. End

When the algorithm is executed, the position and velocity of each particle gets updated and settles at a best identified
position in the problem space and it is known as best position to particle. For every position update, the fitness function is
sampled [19, 20].
The social behavior of the flying birds is the motivation for this optimization method when searching for the food. Each
bird called as particle and their group is called swarm. They search for the food in optimization problem hyperspace to find
the optimal food location. The velocity and position of the particle gets updated each time using the equations (14) and
(15) respectively. They get updated and change according to the supportive communication between the particles and by
their individual particle at the same time. Each particle changes its place by matching the social and individual experience.
Every particle is assigned a position as well as velocity vector.
The updated velocity vector for particle i is

vi ™ = wvi' + e (phewy = () + carz (gpee = 5{°) (16)
Where
v®: Particle i previous velocity
w : Inertia weight
¢y, ¢, Individual & Social acceleration positive constants.
rq, ry: In the range of [0, 1]
Ppesti - Personal best position
Zpesti- Global best position
The informed velocity has 3 components containing of the following:
The first term indicates the last obtained velocity with two variables in it. First one being previous obtained velocity

vi(k)along with the second variable inertia weight w.

The second component shows the personal experience of the individual known as cognitive component. The final
component is called as social component as it includes the sharing of information between groups of particles. By removing
second and third component the final solution can never be obtained since particles fly in the same direction. Hence the
addition of 2 components aids in change of direction which helps to bring out the best possible solution which proves that
combination of three components responsible for optimal value.

Results and discussion

DG unit’s presence can characterize a significant effect on the distribution networks. Most of the electrical
equipment’s run near to the rated voltage, so the VP is the basic demand for the equipment. DG is able to supply voltage
support to lift the low voltage at the end of the feeder. The VP of IEEE 14 bus system is shown in Table 1. First column,
second column and third column represents the bus numbers, VP of the system before integration of DG and after
integration of DG using PSO respectively. V,om, Vinax and Vi, Of the system are taken as 1 P.U., 1.1 P.U. and 0.9 P.U.
respectively. VFP,,, of the system before optimization is 0.989 and after optimization using PSO with DG is 0.995.
Simulation is carried out for OPS of DG using MATLAB software. Optimal place (bus) to employ the DG is 13™ bus and
the optimal size is 9.118 MW. Voltage profile of IEEE 14 bus system is shown in Table 1. It is improved after multi-
objective optimization by inclusion of DG at 13th bus. First column shows the bus number, second column shows the VP
of the system before optimization and third column shows the VP of the system after optimization by adding DG to the
system.

Table 1: VVoltage Magnitude of IEEE 14 bus system

Voltage Magnitude before Voltage Magnitude after multi-
Bus. No S . N L .
optimization (without DG) objective optimization (with DG)
1 1.06 1.06
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2 1.035 1.035
3 1.00 1.00

4 0.985 0.99

5 0.99 0.9947
6 1.00 1.00

7 0.98 0.9919
8 0.98 1.00

9 0.967 0.9766
10 0.964 0.9728
11 0.978 0.9825
12 0.98 0.9846
13 0.976 0.9813
14 0.951 0.9722

The VP of the system is graphically shown in Fig. 4. Orange line represents the VP of the system before optimization
and green dotted line represents the VP of the system after optimization by addition of DG using PSO.
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Fig. 4: Voltage Magnitudes of IEEE 14 bus system

Table 2 shows the LMP of the system before congestion and after congestion. LMP of the total system is 3.51 $/MWh
before congestion which says that next increment of load at any bus can be supplied by G,. Different LMP values say that
the system is congested. When the system is congested different buses LMP values are different hence next increment of
load at different buses has to supply by different generators.

Table 2: LMP of IEEE 14 bus system

Bus number LMP before congestion LMP after congestion
$/MWh $/MWh

| 3.51 3.3673

1 3.51 3.2119

1 3.51 3.51

v 3.51 3.7675

\% 3.51 3.9531

VI 3.51 3.89

VII 351 3.8008

VIl 351 3.8008
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IX 3.51 3.8183
X 3.51 3.8311
Xl 3.51 3.86

Xl 3.51 3.8843
X1 3.51 3.8799
XV 3.51 3.8452

Line flows of the system are shown in Table 3. Line flows of the system before congestion are within the thermal
limits it says that there is no congestion. After making the load at bus 10 from 9 MW to 12 MW increasing by 3 MW line
flows reached to the thermal limit which says that the system is congested. DG is added to the congested system using PSO
to reduce the congestion. Line flows of the system after minimization of the congestion are within the thermal limits. So
the congestion is minimized using PSO by adding DG to the system. LMP of each bus became to 3.51 ($/MWh) at each
bus after placement of DG in a system at the optimal place. The differences of LMP values became to zero.

Table 3: Line flows of IEEE 14 bus system

Line flows
Line Line flows Line flows ﬁwl\fr:/ivriization aftz;
Line | flow limit | (MW) before | (MW) after . .
(MW) congestion congestion cong_estpn . using
multi-objective
approach
1-2 60 -24.2918 -22.2745 -21.7573
1-5 50 24.2918 25.2745 25.0573
2-3 70 28.7880 29.4518 30.7765
2-4 80 45.7942 46.5737 46.2209
2-5 40 39.4260 40 39.5454
3-4 30 13.888 13.9232 12.0262
4-5 30 -28.9487 -29.8426 -29.2428
4-7 40 25.9443 27.03 26.8548
4-9 20 14.8866 15.5095 14.8352
5-6 50 27.1691 27.8139 26.7598
6-11 30 9.2119 10.2016 10.0698
6-12 20 8.0294 8.0965 7.7477
6-13 20 18.7278 18.9623 17.7423
7-8 20 0 0 0
7-9 30 26.9443 27.03 25.8548
9-10 20 4.2881 5.2984 5.7302
9-14 20 8.0428 7.7412 5.4597
10-11 20 -5.7119 -6.7016 -6.5698
12-13 20 1.9294 1.9965 1.6477
13-14 20 6.8572 7.1588 5.59

Line flows of the system are within the limits after placement of DG using PSO. DG properties are shown in Table

Table 4: DG properties

DG limit 0-10 MW

DG size 9.1182 MW
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DG place (bus) 13

LMP value of all buses after congestion management
using MOOP approach ($/MWh)

Convergence characteristics of multi-objective approach are shown in Fig.5. By giving weights equally to each
objective MOO is carried out.
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Fig. 5: Convergence characteristics of multi-objective function

Conclusions

In this paper, a PSO based algorithm for OPS of DG unit is proposed. OPS of DG unit to improve voltage profile
using voltage profile improvement index (VPII) are carried out using PSO. OPS of DG unit for congestion management
using LMP based criteria are carried out using PSO. OPS of DG unit using multi-objective approach are carried out using
PSO algorithm. In this paper, a PSO based algorithm for optimal position & sizing of distributed generation units is
suggested. The LMP established principles used to reduce the congestion on the power systems. The objective function is
well-defined to advance the voltage profile & lessen investment as well as operating costs. The obtained results show that
optimal position & sizing of DG units will condense the LMP differences between buses & relieves network congestion.
Additionally, it will also increase the voltage profiles. This work can be further carried out by including the DG cost
characteristics and different types of DG technologies. The proposed methodology can also be extended to improve the
power quality issues in the system by changing the fitness function and by extending constraints.
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