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ABSTRACT

This paper proposes a hybrid method based on analytical expressions incorporating particle swarm
optimization (PSO) to find the optimal location and optimal DG size with an objective of minimizing

losses and improving voltage profile. DG optimization problem is also solved with an objective of
minimizing power loss only. The proposed method is tested on 33 and 69 radial distribution systems.

Keywords : Analytical expression; particle swarm optimization; multiple DG allocation; loss reduction;
voltage profile improvement.

INTRODUCTION

Due to the increase in power demand, the need for generation of power is steadily increasing. To give uninterrupted
service to consumers, it is necessary to increase the penetration of distributed generation into distribution systems.
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Due to the problems of poor voltage regulation, shortage of transmission capacities and increased environmental
concerns, the conventional methods of supplying power could not meet the whole demand. To overcome this,
distributed generator (DG) has become the alternative source for power supply.

Apart from meeting the energy demand, the optimal location and size of DG units can reduce distribution losses;
improve voltage stability and voltage profile. Loss minimization is an important factor in planning and operation of
DG. Many techniques have been proposed in literature to find the optimal allocation and optimal size of DG. In ref
[1], genetic algorithm has been implemented for placing distributed generator in power distribution system to reduce
losses. But this method is computationally demanding and slow in convergence. Wang C and Nehrir proposed an
analytical method for optimal placement in radial as well as meshed system. But in this paper, a fixed DG size was
considered for analysis. A 2/3 rule which is traditionally applied for capacitor allocation has been applied for DG
allocation in ref [3] but this technique cannot be applied to meshed distribution system. N. Acharya, P. Mahat, and
N. Mithulananthan proposed a new method to find the optimal size and location of DG for minimizing the total
power lossesin primary distribution systems. In this paper, DG capable of injecting real power was only considered.
Loss sensitivity factor method which was used to solve the capacitor allocation problem when applied for DG
allocation as in ref [5] needs a large number of load flow solution.

In this paper, an improved analytical method is proposed for allocation of multiple DGs. Unlike the previous
methods, DG is capable of injecting both real and reactive powers. As DG units can supply a portion of total power
to loads, the feeder current reduces from the source to the DG location.

LOAD FLOW SOLUTION

The load flow solution is obtained by using two developed matrices — the bus injection to branch current
(BIBC) and the branch current to bus voltage matrix (BCBV). A simple matrix multiplication gives the
load flow solution. This method is proposed in ref [6].

Algorithm:

1. Input line and load data of distribution network.

2. Form the BIBC and BCBV matrices.

3. Obtain DLF matrix by multiplying BIBC and BCBV matrices.

4. Set iteration count t =0.

5. Obtain the values of current injection at the t-th iteration using

I = comi(>!
I COH} ('Vit)
6. Calculate the change in voltage using
[AVT*1] = [DLF][IT]
7. Update the voltage values using

[Vt+l] — [VO] 4 [Avt+l:|

Repeat steps 5 to 7 until iteration t is equal to maximum iteration.

9. If iteration = maximum iteration, calculate branch currents. Branch current (i»r) = BIBC*I
10. For each branch calculate real loss and reactive loss.

Real loss = | ivr | 2* branch resistance

Reactive loss = |ivr| 2* branch reactance
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MULTIPLE DG ALLOCATION AND DG SIZE

An analytical method is proposed in this paper to allocate multiple DG units for achieving high loss reduction in
a distribution system.

DG size expression
The expressions used to find the DG size at each bus [7,8] is given by (1) and (2)

ag| Ppp+ulp; |-Gi-uH)

Pm:_, . T agray (1)
Qns, = uPpg, (2)
m which,
u = (sign) tan(cos ™ (PFy;)) (3)
sign =+1 for DG jecting reactive power
sign = -1 for DG consimming reactive power
N N
G = Z(“!.-.-zpm — By Q) Hy = Z{ﬂQO + BynBn)
m=1 m=1
mz=l =l
(4)
Where
Fim i .
Q= '.'-_r% CDS(GI o ‘9”.-)1 b.lm’ = ﬁsnl(@; E 8.‘!.‘)
YiVYm ¥m
(5)
V,28, voltage at the /™ bus:
Zim = T + jXpn I element of impedance mamix;

, and B, real power injections a and ™ buses, respectively,
P, and R, eal power injections ar the ™ and ™ buses, respectively.
Q; and @, reactive power injecrions at the I" and m™ buses, respectively:
N nmuniber of buses

Types of DG

There are four types of DG depending on the injection of real and reactive powers.

Type 1: DG capable of injecting both P and Q
The power factor of the DG is in between 0 and 1. By using equations (1) and (2), the optimal size of DG at each bus
for the loss to be minimal is obtained.
Type 2: DG capable of injecting P but consuming Q.
Similar to the type 1 DG, the optimal size is obtained by using equations (1) and (2).
Type 3: DG capable of injecting P only
As the DG is injecting only real power, the power factor of the DG is one. The optimal size of DG at each bus
[8] for minimum power loss is given by [8]
PDGE = FD; _ﬂ;”z%l:.}(ﬁhnfjm - E]JQO) (6}
Type 4: DG capable of injecting Q only
DG is capable of injecting only reactive power and the power factor of the DG is zero. The optimal size of the
DG at each bus [8] for minimum power loss is given by

1 i
QDG; - QD; - a_”zgvﬂzl(alm Qm + b[um) (7)

m=l

Calculation of combined power factor
The power factor of the system is obtained by using the following equation

®)

Pp

PF, =

]
2, 2
\JPD"'OD
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Algorithm to find optimal location and size

Step 1: Input the number of DG units to be integrated.

Step 2: Obtain losses for the case without DG using the load flow solution described above.

Step 3: Calculate the power factor of DG using (8).

Step 4: Obtain the values of PDG and QDG using (1) and (2).

Step 5: calculate the loss by placing the DG at each bus one at a time using the BIBC and BCBV load flow method.
Step 6: The bus with minimum loss gives the optimal location.

Step 7: Optimize the PDG value at optimal location by varying it in small steps.

Step 8: The optimal size of DG is the size which gives minimum loss.

Step 9: To integrate the next DG, load data is updated by placing the DG with optimal size obtained in previous step.
Step 10: Repeat steps 2 to 9 until all DG units have been integrated

Input total no. of DG umts:
Setndg=1

Flow chart

v
Obtan losses m 2 dismbution system
without DG
Calculate the DG power factor
¥ A

Locate the optimal bus by placing DG st each
us cne at & tme

}

Optimire the size of DG at optimal location
by varvmg 1t in small steps

Isndg greater
than total no
of DG umits

enterad?

ndg ~ndg+];

Update load data to
place the next DG

PARTICLE SWARM OPTIMIZATION

In this paper, Particle swarm optimization (PSO) algorithm is used to optimize the size of DG. PSO is a technique
proposed by Kennedy and Eberhart [9] by observing the behaviour of bird flocking or fish schooling. In this
technique, each individual adjusts its position depending on its own experience — known as pbest and on the
experience of neighbouring particle-known as gbest. It generates random values of a given parameter such as DG
size, location, velocity etc.

Key terms

particle/individual/agent: each individual in the swarm; swarm: the entire collection of particles; population size:
number of random values considered in between maximum and minimum values of a particular parameter; fitness:
value that gives best solution to the optimization problem; pbest (personal best): the position in parameter space of
the best fitness returned for a specific particle; gbest (global best): the position in parameter space of the best fitness
returned for the entire swarm; Vmax: the maximum velocity value allowed in a given direction;
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Basic algorithm

Step 1: Generate an initial population of velocities and DG sizes randomly.

Step 2: Initialize the iteration with k=1.

Step 3: Calculate the objective function at each bus.

Step 4: For first iteration, pbest will be equal to the values of the objective function obtained for each particle/bus and
gbest is the value with minimum value in the values of pbest.

Step 5: Increment the iteration count and update the values of velocities and DG sizes using (9) and (10)

viitt = wvfy + cirand « (pbestyy — sf5) + corand * (gbesty — sk): (9
S =8 + Vg (10)
Where
i _ [“max~ Wmin s ‘
W = Wyay [ i ) i (11)

Wiz = 0.95 w5 = 04
Step 6: Compare the objective value obtained at a particular bus with its previous iteration. If it is less than value
obtained in previous iteration, set this value as current pbest. Gbest is the best value (i.e. with minimum objective
value) among current pbest values.
Step 7: If iteration = maximum iteration, go to step 8. Otherwise go to step 3.
Step 8: gbest gives the optimal DG sizes.

MULTI-OBJECTIVE FUNCTION
Here, three objective functions viz. f1, f2 and 3 are combined into one for minimising loss and improving
voltage stability and voltage profile. The three parameters fi, f2and f3 are in p.u.

A objective function
The multi-objective function expression is given by

f=min(f,+k.f5 + k. f2); (12)

f1is the loss in the distribution system calculated using the load flow solution described above.
f21is the voltage profile given by

f= Lz(‘Vn — Veateal — (Vy — I”j'ated.)): (13)

f3is the network voltage stability index is given by

fz = :

min{sly, Stz o siyty
Where

SI(n) = “‘{n[q — ‘}[RI(N)RH =k Qr!(.”)Xn“{’;nF - 4[3‘.(”]}?11 + Q.‘I(”)XH]Z
(15)

(14)

n = receiving bus number:

m = bus number that is sending power to bus 1:
br = total number of branches:

Cy. Cr(constants)= 2 :

Vimed = rated voltage ( 1 p.u):

k= penalty coefficient ( kg = 0.6 ):

Iz = penalty coefficient (ko = 0.35):

P = net real power flow:

Q = net reactive power flow.

METHODOLOGY

The objective of minimizing loss, improving voltage profile and increasing voltage stability is achieved by using
analytical expressions incorporating PSO. To determine the optimal locations of DG units, the bus with minimum
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functional value f is located. The DG location and size are determined similar to the method followed in obtaining
optimal location and size of DG where the objective is to minimize only loss. But instead of changing the DG size in
small steps, random sizing of DG is carried out by using PSO algorithm as described above. The optimal DG size is
the size for which the objective function f is minimal.

RESULT

Table 1 and Table 2 presents the results of the optimal locations and sizes for loss minimization objective and
multiple objective function for 33 and 69 distribution systems respectively. It is observed from tables 1 and 2 that the
voltage profile is improved and DG size is reduced using multi-objective function. The DG size and location has been
mentioned for single DG placement, two DG units placement and three DG units placement. It is observed from the
table that there is a high loss reduction when three DG units are integrated in distribution system.

CONCLUSION

In this paper, the optimal locations are obtained using analytical expressions and the size of DG obtained from
equations (1) and (2) is fine tuned using PSO algorithm considering the real power loss, voltage profile and voltage
stability index. These values are compared with the optimal sizes of DG which are obtained considering only loss
minimization.
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Table I: 33 Bus System - PQ Injection

ISSN: 0976 — 0997

No. of DGs Objective DG Location DG size (KVA) FLss (KW fve fist
Without DG - - 21L.00 3.62 1.50
Loss minimization 6 3103.00 68.18 1.1580 1.1857
1 Loss minirmzaton. voltage profile | 6 3257.60 68 49 1.0532 1.1731
improvement and voltage stability
Loss minimization objective 6. 15 1036.77. 505.76 51.02 0.3543 1.0893
2
Loss  minimization.  voltage  profile | 6.16 2822.22, 488.08 54.61 0.3035 1.0796
improvement and voltage stability
Loss mimmization objective 6. 15, 25 40.30 0.2807 1.0875
3
Toss minimization. voltags profile | 6. 16, 32 38.67 0.1599 1.0580
improvement and voltage stability
Table II: 69 Bus System - PQ Injection.
No. of DGs Dbjective DG Location DG size (KVA) i fip Iyeg
Without DG - - 225.00 372 146
Loss mimmization objective 61 124380 23.17 1.1946 1.1180
1 Loss  minimization,  voltage  profile | 61 2307.24 23.30 1.1429 1.1161
improvement and voltage stability
Loss minmnuzation objective 61,17 2327 73.614.24 7.62 02222 1.0233
2
- Loss  minimization. veltage  profile | 61. 18 2213.99.651.06 £.29 0.1642 10233
improvement and voltage stability
Loss minimization objective 61,17, 50 2140.63. 610.53. 5.34 0.1935 1.0214
883.82
3 Loss  minimization. veltage  profile | 61. 18, 50 2104.34, 606.01. 5.20 0.1638 1.0196
improvement and voltage stability 001.62
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