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Abstract

one of the novel solutions for reduction of power loss and improvement of voltage profile in
the distribute network is distributed generation sources. To this purpose, capacity and install
location of generation sources in the distribute network are especially important. In this paper,
a new algorithm using data envelopment analysis (DEA) method is presented for optimum
placement and capacity determination of distributed generation sources for reducing of power
loss and modifying of voltage profile. Proposed algorithm is tested on the 33 and 69 buses
standard systems. Simulation results show effectiveness of proposed algorithm for optimum
placement and capacity determination of distributed generation sources considering boundary
conditions such as limitation of voltage and capacity of network feeders.
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1. Introduction

After the adoption of the Kyoto Protocol
regarding to preservation of the
environment, use of novel and renewable
energy in the Distributed Generation (DG)
sources is important. This remarkably
increases contribution of DG technology
for consumption power supply.

Usage of DG sources can be also one of the
effective solutions for get rid of the
problems such as high loss, low power
quality, and compression in the
transmission line. In addition, low capacity
of DGs Facilitates design and installation
process of them in comparison with large
scale units [1].

As per increase of DG sources penetration
in distribution networks, the aim is that
with optimum placement and size of DG,
loss reduction and voltage profile
improvement be better as much as
possible. Researches show improper
selection of location and capacity of DG
sources can increase loss compared to
without DG present [2-4]. Also, optimum
placement  and proper capacity
determination of DG can release
transmission and distribution line capacity.
This causes to decrease and prorogation of
new investment costs [5-6].

In some of previous researches Genetic
Algorithm (GA) based methods has been
used for determination of location and
capacity of DG. These methods need to
run with heavy computational algorithm
that convergence rate is low [7].

In another research, analytical method has
been used to minimize loss of radial and
ring distribution networks [8] that only
location of DG sources is optimized and its
capacity is fixed.

In this paper, first an analytical method
introduced in [8] is used for calculating of
capacity of DG sources for all buses.
Secondly, data enveloped method is used
for determining of capacity and optimum
location of DG sources to reduction of loss
and voltage profile improvement.
Optimum  placement and capacity
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determination of DG is performed for
power flow when the consumption has
peak value. Since voltage drop and loss of
network are the maximum in such
circumstance.

Rest of the paper is organized as follows:
a brief introduction of DG is presented in
section 2. New algorithm in order to
optimum planning for loss reduction and
voltage  profile  improvement  in
distribution system in presence of DG
using data envelopment analysis (DEA) is
given in section 3. In Section 4, simulation
result of proposed algorithm on the
distribution network is provided. Finally,
the conclusion is presented in section 5.

2. Distributed generation

DG is power generation in consumption
location, but it is sometimes known for
technologies that use renewable sources
for power generation. What it is often
acceptable is relatively small generator,
regardless of how they produce the power,
and its capacity is usually less than 300

MW that is directly connected to
distributed network.
Nowadays, in spite of unknown of

renewable energies, they are rapidly
developing and neglecting of their
penetration is inevitable. Solar, wind,
Biomass, geothermal and ... are the most
popular of novel energy sources. Three
factors in 1995 led to a landmark to
develop of renewable energy: Firstly,
climate change due to the buildup of
greenhouse gases in the atmosphere,
secondly, increase of electricity demand in
the world, and thirdly, Promising growth
of renewable energies.

3. Proposed method

In [8], it is shown that for all of the buses
in the network, there is an active power
which if that be provided, loss of network
is minimized. This active power is
calculated for all buses as follow:
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PDGi |:IBI|Q Z (alj j ﬂlJQ]):| (1)
a| j=1, j=i
Similar to method in [8], a reactive power
can be obtained for all of the buses so that
the loss of network is minimized. The
reactive power can be calculated using (2):
QDGi :QDI {ﬂu i Z(auQ ﬂu j)} (2)
| J=Lj#

where:

B
= Tcos(éi -d;)

iv]

r.
= —2sin(5; — 0
By = g6 =)
Zi =1+ jXj

[Zbus] = [Ybus:rl
Pi: injection active power to bus i
Qi: injection reactive power to bus i
Vi: bus i voltage
&;: Voltage angle of bus i
Zij: ij element of Zpys matrix
N: number of bus
So, it can be obtained for all of the
buses using (1) and (2) an active and
reactive power that minimize loss if
inject to corresponding bus. Up to this
point, all the buses are candidate for
DG installation.
Suppose there are n candidate unit as
follow:

X.
DMUiz(Y'J i=1,...,N,

Where X;=(C;) and Y, =|AQ,

AV;
input and output of DMU;, respectively,
i.e.,, each unit has one input and three
output and above variables are defined as
follow:

are
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AR =P, P 3
AQi :Qo _Qi (4)
AV, =V, -V, (5)

Where PO and QO are active power loss
and reactive power loss respectively for
base case (0), VO is deviation of network
voltage profile for base case (0), Pi and Qi
are active power loss and reactive power
loss respectively when Ith candidate is
added, Vi is deviation of network voltage
profile when Ith candidate is added, AP,
and AP;are difference of active power loss
and reactive power loss for base case
except when Ith candidate is added, AV; is
difference of network voltage profile
deviation for base case except when Ith
candidate is added.

The data can be normalized as follow:

P = Max{AP. }

Qua = Max{AQ, }
Ve = Max{AV,}
Chex = Max{C;}
i=1,...,N.
AP,

I
 =APR, /P, :normalized active

power variation of network when in
candidate is added,

AQ, =AQ; /Q,, :normalized reactive
power variation of network when in
candidate is added,

AVi=AV; IV, :normalized network
voltage profile deviation variation when i
candidate is added,

C,=C,/C,,, : normalized cost

Therefore, according to above definition
and using collective model of DEA
method, evaluation of efficient candidates’
formulation is obtained as follow [9-10]:



Tohidi/ IIDEA Vol.12, No.1, (2024), 23-29

Max W.

st Y.
=1

=S +S/+S, +S;

4,Ci+S; =Ci,

S,S/,S,,S; >0.
Where:
S, : the possibility of input reduction
S;',S,,S; : the possibility of outputs rises

W, : summation of possibility of input
reduction and outputs rise from in
candidate up to when iy candidate map on

the efficient frontier.

3.1 Ranking of efficient candidates
After evaluating of candidates using
collective model of DEA, it is possible to
obtain more than one efficient candidate.
So, it required to rank the efficient
candidates. In [11], norm model L; is
introduced for ranking of efficient DMU in
2004. In the L: model, DMU under
evaluation is eliminated from possibility of
production set and the shortest distance
from the new border is calculated.
Movement toward new border in the
mentioned model is performed using norm
model L; to obtain the shortest distance
correspond DMU from the new border.
According to introduced variable in
previous section, norm model L, for
ranking of efficient candidates is given as
fallow:

(6)
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T,(X,Y)=[C-C|+|AP - AR

Min _ -
+|AQ - AQ | +[AV - AV|
Nj
st. > 4C,<C, (7)
J=1, j=i
N; _ _
A,AP. > AP,
J=1j=i
N' —_ —_
24,AQ, > AQ,
J=1,j=i
N; _ _
LAV, > AV,
j=1, j=i

1=
R
1l
=

C,AP,AQ,AV, 4,20, j=1..,N,.
In above model, DMU,(X,Y) is from
new border that it has the shortest distance
to DMU; (i.e under study DMU). T;(X,Y)
is distance between (X;,Y;) and (X,Y)

using Ly norm.

aP
X, =(C)i=1...N,,.Y, =| AQ
AV;
AP
X=(C)y=aQ
AV
Where:

X: input vector of an DMU belongs to the
new border

Y output vector of an DMU belongs to the
new border

Xi: input vector DMU; (under study DMU)
Yi: output vector DMU; (under study
DMU)

At input and output coefficients of

DMUs

s: number of outputs

m: number of inputs

Ni: number of candidates

According to provided formulation,
flowchart of optimum DG sources design
to minimize loss and to modify voltage



profile of distribution network using DEA

method is given in Fig.1.
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Load flow execute

!

Calculation of DG sources capacity for all of the

buses using equ. 1 and 2 <
set individually DG sources from AP
i —
previous stage on the buses, re-run Yi=| AQ; | Xi = (Ci)
AV,
power flow program and calculation of

3

evaluation of candidates using eqa. 6

|

Ranking of candidates using equ. 7 and
select the best candidate

!

Add efficient candidate to sample
network and re-run power flow program

Are the loss and
voltage
objective

Fig. 1 flowchart of optimum placement and
capacity of DG with the aim of loss reduction
and voltage profile improvement using DEA

method
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4. Proposed method simulation

In this section, proposed algorithm is
implemented on the 33 and 69 bus sample
systems. System information before DG
source placement is given in table 1.
Active power loss is 0.2100 and 0.2250 for
33 and 69 bus systems, respectively. Here,
the aim is loss reduction and voltage
profile improvement.

Tablel. Sample system information

33 bus 69 bus
system system
Network
active 0.2110 0.2250
power loss
(Mw)
Network
reactive 0.1430 0.1021
power loss
(Mw)
Vmin 0.9038 0.9092
(p.u)
Vmax 1.0000 1.0000
(p.u)
Network
load | 3.7150+2.3000i | 3.8021+2.6945i
(MVA)

Applying proposed algorithm to system,
the results are obtained that are provided in

table 3.

Table2. optimum location and capacity of
DG install using DEA method

33 bus 69 bus
system system
Optimum
location of 6 61
DG install
Optimum
capacity of 3.0183 2.2399
DG (MW)
Network
active power 0.0679 0.0238
loss (MW)
execution 6.4510 10.78
time(s)

It can be observed from table 2 that the
best location to install DG for 33 bus
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system is bus 6 and its optimum size is
about 3.0183 MW. After installing the DG,
active power loss of 33 bus system is
decreased about 71%. Also, the results are
obtained for 69 bus system. The best
location for DG install is bus 61 and its
optimum capacity is 2.2399 MW that in
comparison to without DG installation,
active power loss is decreased 87%.

In order to validate proposed method,
obtained simulation results is compared
with results corresponding to GA. The
GA-based method results are provided in
table 3.

Table 3. optimum location and capacity
DG install using GA method

33 bus 69 bus
system system
Optlmur_n DG 6 61
location
Optimum
capacity of 3.1921 2.3456
DG (MW)
Network
active power 0.0882 0.0739
loss (MW)
execution
time(s) 20.06 137.99

Considering of table 2 and 3, it is observed
that optimum location for DG install is bus
6 and bus 61, for 33 and 69 bus system,
respectively, using both proposed and GA
method. However, in term of loss, DEA-
based method provides better results. On
the other hand, as the system is bigger,
execution time of GA- base method is very
long, so that the execution time of GA
method is 13 as much as proposed method.
The time is larger bigger systems.

Fig. 2 and 3 show voltage profile of 33 bus
system and 69 bus system before and after
DG installation, respectively.

Considering fig. 2 and 3, after installing
DG, voltage profile for both 33 and 69 bus
system is modified. The minimum voltage
is 0.96 pu and 0.97 pu for 33 and 69 bus
system, respectively.
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Fig. 2 voltage profile before and after DG
install for 33 bus system
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Fig. 3 voltage profile before and after DG
install for 69 bus system

5. Conclusion

Location and capacity of DG are two
important factors for power loss reduction
and  distribution  voltage  profile
improvement. A new algorithm for
optimum location  and  capacity
determination using DEA method is
presented in this paper. As it can be
observed from results, location and
capacity determination of DG using
proposed method, valuable advantage such
as loss reduction and voltage profile
improvement are obtained.

Also, with comparing the proposed
method to GA-based method, it is proved
that proposed method introduces a DG
with capacity less than GA method which
provides better results from different
points of view such as loss reduction,
voltage profile improvement, and execute
time.
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