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Abstract

This paper presents a method for distribution network expansion planning. The two objectives are:
loss reduction and Reliability improvement. First, neural network method is used for long term load
forecasting. Then Genetic algorithm is utilized to solve simultaneous placement of power distribu-
tion transformers and feeders. The proposed method is applied on the green field. The effectiveness

of the proposed method is tested on a green field system and the results are presented.
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1. INTRODUCTION

Optimal designing of distribution networks is one
of the most important issues in power systems
which should be done in a way that the proposed
structure, in addition to minimizing the cost of in-
stallation, operation and energy losses, provides
limitations such as allowed drop in voltages of
feeders, proper capacity of the transformers for
supplying the load, etc. in the network. By long-
term and optimal forecasts of distribution net-
works, such as long term a region's load forecast-
ing, costs can be dramatically reduced.

So far, lots of research has been done to devel-
op and plan distribution networks. The reference
[1] examines the assignment and provision of mul-
ti-period transformers under separate probabilities.
This proposed model was a linear programming
one. The reference [2] offers a probabilistic meth-
od for choosing the distribution point location. In
this method, the hourly load cycle (or daily) is
considered. The reference [3] uses a hybrid algo-
rithm to solve the distribution network
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expansion problem.

In [4], a PSO-based comparative mutation algo-
rithm is proposed for solving the optimal post-
dimensional measurement problem. In [5], the
mathematical clustering method and genetic algo-
rithm are proposed for determining possible candi-
date locations and optimizing the problem, respec-
tively. Reference [6] offers a new optimization
model for planning. This programming model is
formulated as a MIPP problem.

Reference [7] offers a comprehensive planning
of distribution systems for urban / suburban areas.
The location and the optimum size of transformers
and posts with the route and type of feeders MV
and LV are obtained. The cost of elements of the
distributed system is assumed to be discrete, and
also the DPSO (discrete partial-slight optimiza-
tion) method is used to solve the programming
problem.

Reference [8] provides the distribution feeder
structure for minimizing losses by using modified
honey bee mating optimization algorithm. Refer-
ence [9] optimizes the location of distribution
transformers based on the minimizing peak losses
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and voltage regulation by using the MiPower soft-
ware and compares the result with the node re-
moval method.

In reference [10], an exploratory algorithm is
proposed which solves the problem of the location
of the transformer and the design of the low volt-
age network (LV) and medium voltage (MV) with-
in a single optimization framework. To determine
the number of transformers, a dense hierarchy
clustering method has been used. Besides, the
CMST and MST algorithms are used for routing
LV and MV feeders, respectively.

In this paper, a genetic algorithm is used for de-
signing a distribution network. Genetic algorithm
has also been used successfully in many cases such
as capacitor location [11], economic load distribu-
tion [12], optimal load distribution [13], and so on.
In this paper, neural network algorithm is used for
long term load forecasting at first and then by the
genetic algorithm, the optimal location of 20kV /
400V transformers and optimal routing of feeders
of 20kV and 400V are simultaneously aimed for
improving the system reliability, and reducing
equipment costs, loss of feeders and transmissions.
Finally, the proposed method on a new network
has been evaluated in different scenarios.

2.NEURAL NETWORK

The neural networks has been very much consid-
ered for load forecasting due to its accuracy. Neu-
ral Networks is one of the computational methods
which attempts to recognize the intrinsic relation-
ships between the data by mapping the input space
(input layer) and the optimal space (output layer)
by means of the learning process, and using neural
processors. The layers or hidden layers process the
received information from the input layer and pro-
vide the output layer.

Each network receives training examples.
Learning is a process that ultimately leads to learn-
ing. Network learning is performed when the
communication weights between layers change so
that the difference between predicted and calculat-
ed values are acceptable. By achieving these con-
ditions, the learning process has been realized.
These weights represent the memory and network

Fig. 1. General structure of Neural Network.
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Fig. 2. Layer structure of Neural Network.

knowledge. The trained neural network can be
used for predicting the appropriate outputs of the
new data set. A neural network typically consists
of three parts, including: an input layer, one or
more hidden layers and an output layer.

2.1. Neural Network Structure

In this paper, a three-layer perceptron neural net-
work with a back-propagation method is used for
long-term load forcasting which is implemented in
Matlab software environment. The main feature of
the BP algorithm is creating a nonlinear mapping
between an input set and an output set. The general
model of perceptron networks is the progressive
network with the reciprocation teaching principle.
Fronting networks are those networks which the
first-order inputs of its neurons are connected to
the next layers and they are true on the surface of
the problem to reach the output layer. The back
propagation procedure means that once the net-
work output is specified, the last layer weights are
corrected and then the previous layer weights. The
structure of this neural network is shown in Fig. 2.
For the input, output and the middle layer, the non-

linear Sigmoid Function is used.
1
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The goal is to reduce the neural network error for
data which are entered for the first time. Hence, 20%
of the data is isolated and not interfere with the net-
work computing in each step. When the training is
completed, test data is applied to the network and by
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calculating the mean squared error, the network per-
formance is evaluated.

The data is normalized before entering to the
network, due to the fact that entering raw data re-
duces speed and accuracy of the network. Owing
to the fact that each of the parameter sets have
their related divisions, data should be normalized
for uniforming the range of their changes and pre-
vent excessive over-weighing of the network. Ac-
cording to the use of sigmoid functions in the neu-
ral network, the normalization of the input vector
components is carried out in such a way that all of
these components lie in the interval between nega-
tive/positive one:

N,=2 x (—x"'x’""" )— 1 2)

Kmax—Xmin

The decision criteria of choosing the best net-
work in each run are determination coefficient R2,
Eq. (3), root mean square error (MSRE), Eq. (4),
and the mean absolute error (MAE), Eq. (5).

R? = _Ti=oo=3p)
E?-n}'.f——z?'oy‘% (3)
RMSE — E?-n(y:—?r) (4)
n —
MAE _ El-ﬂl::;ﬂ }ffl (5)
where:

Ni: normalized values
Xi: real values
Xmin: Minimum actual values
Xmax: Maximum actual values
yo and yf: observed size and desired parameter of
the network respectively
N: The total number of data used

The best performance of the model basis on of
the R2 criterion is one, and based on other criteria
is zero, which indicates the closeness of observed
and predicted values, and accuracy of the answers
in each step.

2.2. Implementing Proposed Method

In this research, consumption data of Khorasan
Razavi from 2006 to 2012 have been used as input
for the neural network. Figure 3 shows the daily
consumption during these years. As seen in the
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Fig. 3. Daily load consumption of central Khorasan
electrical network.
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Fig. 4. Actual and trained dada values.

mentioned figure, seasonal changes have been high
over the course of the desired period.

Using the artificial neural network introduced
in the previous section, incoming years load for-
casting is obtained. In this model, input data of the
neural network are as follows:
» Consumption in the same day of the past year
» Consumption in the same day of the past month
* Consumption in the same day of the last week
* Consumption in the last two days
» Consumption in the previous day

Figure 4 shows the actual values and values of
the trained data, which indicates two more graphs
coincide, the network is better trained. The hori-
zontal axis is the education index.

In fig. 5, the vertical and horizontal axes depict
real data and trained data, respectively. This dia-
gram illustrates the network correct training for
trained data owing to the fact that the closer the
points and less scattered data are, the better net-
work training is.
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Fig. 5. Actual and trained values.
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Fig. 6. Actual and test data values.

Fig. 6 compares the actual and test data values.
As we know, our neural network has been well
trained since the points of the two charts are al-
most on each other.

As the graphs show, the test and trained values
are as good as real values. Hence, the long-term
load forecasting result with a squared error of
0.0032 for the trained data and 0.381 for the test
data is acceptable.

3.SIMULTANEOUS TRANSFORMERS
OPTIMAL PLACEMENT

3.1.1. Process of Genetic Algorithm

Genetic Algorithms is implemented by variety of
ways and different operators. What has been used
in this project is the genetic algorithm which the
block is shown in Fig. 7. The operation of the al-
gorithm requires implementing three following
steps:

* Initialization

* Rebuild

* Replacement

3.1.2. Initialization

In the initialization, points of searching space are
randomly selected at first and then encoded (form-
ing a chromosome), each of these corrosomes can
be considered as an answer to the optimization
problem. . For each chromosome, we calculate the
amount of target function, and assign it. The col-
lection of these chromosomes forms the first gen-
eration. In the proposed algorithm, the number of
chromosomes is 8.

3.1.3. Rebuild

At the rebuild stage, the current generation gener-
ates a new generation. For this purpose, a pair of
from the current generation, with the probability
proportional to the target function of the chromo-
some, is chosen (parents) and then by applying
cutting and muting operators, a pair of new chro-
mosome (children) is produced. These children are
in the next generation. In the proposed algorithm,
the rate of selection and the rate of mutation is
considered to be 50% and 10% respectively.

3.1.4. Replacement

At this stage, new chromosomes (children) replace
the previous (parent) chromosomes. In other
words, the new generation replacing the previous
generation. The rebuilding and replacing steps are
repeated so often enough to get close to the opti-
mal answer. The stopping condition for this algo-
rithm is 1500 repetitions.
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Fig. 7. Genetic algorithm procedure.
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3.2. Cost Function

The purpose of this model is to optimally place
20kV / 400V transformers and optimize the rout-
ing of 20kV and 400V feeders simultaneously,
with the goal of reducing losses and improving
system reliability in a new network. In fact, by
reducing the length of the MV and LV feeders and
also increasing the reliability of the system, Eq. 6,
this is achieved.

F=fi+f1-f; (6)

where f1 and f2 are the lengths of MV and LV
feeders and f3 is the reliability of our system. In
fact, the goal is to minimize the above objective
function, where f1 and f2 must be reduced and f3
must increase. In addition, different scenarios are
examined by increasing and decreasing the number
of transmissions with different nominal power,
optimally locating them based on the minimum
length of LV and MV feeders and improving sys-
tem reliability. Then, after optimal placement of
transformers and optimal routing of feeders, the
cost of equipment, which includes the cost of
transformers and feeders individually, the cost of
losses, including the cost of loss of transformers
and feeders individually, as well as the total cost

Table 1. Transformators and Feeders Costs

Feeder, 400 V 10 $/m
Feeder, 20 KV 25$/m
Trans, 200 KV-A 800 %
Trans, 400 KV-A 1200 $
Trans, 1 MV-A 2000 $
Trans, 2.8 MV-A 4200 $

are calculated.
Table 1 shows the price of transformers and feed-
ers:

The cost of transformers is obtained from Eq.7:
C)=YX, Ctransformator200 + Y5 Ctrans formator400
+¥ ¥, Ctransformator1000 +Y 2, Ctransformator2800 (7)

The cost of feeders is also calculated from Eq.8:

¢ 3 (Cupli. )+ B

The cost of feeder loss is also calculated from Eq.
9:

(Cdown)I(:, 1) (8)

Cma L X,
where:
Ctransformator200: Transformer cost 200 kV
Ctransformator 400: Transformer cost 400 kV
Ctransformator1000: Transformer cost 1 megav
Ctransformator2800: Transformer cost 2.8 MVA
Nt: Number  of  network  transmissions
Nc: Number of Consumers
L (: i): Length of the lines
Cup: Construction cost of 20 kV line
Cdown: The cost of building a 400v line
Wj: load factor load point j a is the feed conver-
sion rate which is equal to:

I(i, j)w} 9)

a=a; Xa,Xay (10)
a4 : Electricity cost per kilowatt hour

o,:Resistance  per  kilometer of  feeders

a3: Annual power loss (hours)

The 20kV feeder has a resistance of 0.023
ohms per kilometer, and 400V feeder has 0.127
ohms per kilometer. Besides, the estimated elec-
tricity cost is supposed $12 per kilowatt-hour. The
cost of transformer C4losses is also calculated.
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Table 2. Economical Analysis of Transformators Costs in Different Loads.

20%-40% 40%-60%

60%-70% 70%-80% 80%-100%

200 1.197 1.987 1.023 1.0211 1.0211
400 1.0102 1.0086 1.0073 1.007 1.007
800 1.0384 1.0294 1.0274 1.0168 1.0163
1000 1.0275 1.0217 1.0192 1.0184 1.0182
1200 1.0173 1.0152 1.0147 1.0143 1.0137
1500 1.0186 1.0162 1.0153 1.0148 1.0145
2000 1.0221 1.0203 1.0157 1.0132 1.0127
2800 1.0134 1.0131 1.0125 1.012 1.0119
3200 1.0123 1.0146 1.0146 1.0128 1.0121

According to Table 2, in order to better design
the network, it should be tried to use 80% of the
transformer's nominal power.

Therefore, the total cost of the system is ob-
tained from Equation (11):

Crom=C1+C:+ C3 + Cy (11)

Under the constraints:

1. The requirement for the supply of goods to con-
sumers (Clause 12), so that the delivered charge of
a transformer should not to be less than the total
amount of customers connected to it.

pi> o lcj n(i,f) (12)

where:

Lcj: Consumer i

Pi:  Delivered load by
Nc: Number of Consumers

If load j is not connected to transformer i, n(i,j)
is zero and if it is connected, n(i,j) is one.

2. The feeder voltage limitation factor, which
this requirement in 400 V line is considered to be
less than 600 m.

One of the issues that was always important in
network development projects is to maintain or
enhance the reliability of the system in the imple-
mentation of these projects. Here's calculation of
reliability:

Step 1: Elements are removed individually. In

required load
transformer |

fact, one element is removed at each repetition.
(Elements include transformers, 20 kV and 400
volt feeders)

Step 2: Calculate how much of the system load
is eliminated for deletion of each element

Step 3: Using Eq. 13, the reliability of the sys-
tem is calculated for deletion of the element or, in
other words, the sense of reliability for the amount
of unloaded charge for the removal of that ele-
ment.

KVA of omitted load
KVA of total load

Step Four: If there is an element which is not
removed, go back to the first step, otherwise go to
step five.

Step Five: The average reliability is calculated
in step three.

Step Six: End

(13)

3.3.Possible Scenarios of Replacement Theory

In this section, a new industrial city is being sur-
veyed and simulated. All industrial city consumers
have a history of production, and they need electri-
cal energy to build their units. In this simulation, it
is assumed that the mentioned industrial town lo-
cation is strategically suitable for the construction
of a factory or industrial load. Besides, land costs
are not taken into account and there is no
geographical constraint in the whole set.
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Table 3. Location and Loads of New Grid.

Load Y location X location
(KVA) (Km) (Km)
0 0 0
200 3.2 1.2
200 1.8 15
200 6.4 2.1
200 2.8 2.3
200 .8 .6
200 4.9 .8
200 .6 2.8
200 2.1 .6
200 1.5 1.8
200 5.3 3.2
150 1.2 5.8
150 4.3 5.4
150 3.8 5.5
150 6.2 4.6
150 3.7 4.4
150 3.8 3.7
150 2.7 3.8
150 5.7 4.6
300 2.4 5.5
300 2.6 5.9
300 6.5 6.3
300 2.3 6.4
300 1.8 6.1
300 4.3 4.6
300 4.1 3.3
300 3.7 3.2
300 3.3 2.9
150 4.2 2.3
150 3.2 7

In this section, according to the long-term load
forecasting in the previous sections, the consump-
tion of Green Field network load is simulated. Ta-
ble 3 shows the load consumption, and the location
of each assumed network load.

Table 4 shows the location of the resource, or,
in other words, the location of the top posts. In this
network, it is assumed that energy sources or high-
power posts have the ability to supply the required
power of the network, and the maximum capacity
of production units is neglected.

Table 4. Location of Production Units (Upper Posts)

In New Grid.
Y location X location Generating units in
(Km) (Km) the upstream
substations
3 15 1
6 25 2
3 5 3

_1:ilili:ili:i:i‘
< 0o 1+ 2 3 4 5 & T

Fig. 8. Desired grid.

In following, different scenarios are evaluated.
Fig. 8 shows the studied network, which upper
posts have shown by yellow squares, and loads of
150, 200, and 300 kV, by green, black and red
dashes, respectively.

In all figures, positioned transformers are
shown by red border circles, 20-kV feeder line
with full blue lines, and 400-volt feeder path with
different color lines for each transceiver. It should
be noted that 400-volt feeders which are shown by
red lines indicate that the feeder has experienced
voltage drop.

3.3.1. First Scenario

In the first scenario, based on the network load
values, three transformers 2.8MVA were used.
Fig. 9 shows the location of transformers along
with the feeders routing. As shown in Fig. 9, volt-
age drop has been occurred on some feeders which
are marked in red. In this scenario, there are loads
provided, but there is voltage drop problem. There-
fore, in the second scenario, the number and type
of transformers is changed.
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Fig. 9. Locating Transformers with routing feeders in
first scenario.
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Fig. 10. Locating Transformers with routing feeders
in second scenario.
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Fig. 11. Locating Transformers with routing feeders
in third scenario.

3.3.2. Second Scenario

In this scenario, 9 1IMVA transistors have been
used. Fig. 10 illustrates the location of the trans-
missions along with the routing of feeders As
shown in Fig. 10, all loads are provided and there
is no voltage drop in the feeders. Table 5 shows
the results of scenario 2.

Table 5. Results of Second Scenario.

Type and number of Nine transformers with

transformers 1 MVA rating
Feeder length, 400 V (km) 12.67
Feeder length, 20 kV(Km) 10.28
Cost of transformers ($) 18000
Annual loss cost of trans- 331.2
formers (3$)
Cost of 20 kV and 400 V 383700
feeders
Annual loss cost of feeders 168586.2
(%)
Total cost ($) 570617.4
Reliability (%) 79.8
Feeder loss (kWh) 192.45

Table 6. Results of Third Scenario.

Type and number of Nine
transformers transformers with
1 MVA rating

(km) Feeder length, 400 V 15.058
Feeder length, 20 kV(Km) 10.45
Cost of transformers ($) 18000
Annual loss cost of 327.6
transformers ($)
Cost of 20 kV and 400 V 411830
feeders
Annual loss cost of feeders ($) 200360.77
Total cost ($) 630518.37
Reliability (%) 86.1
Feeder loss (kWh) 228.72

3.3.3. Third Scenario

The purpose of defining the third scenario is in-
creasing the reliability of the second scenario. In
this scenario, the reliability of the system is in by
adding further feeds and the results are examined.
Fig. 11 illustrates the location of the transformers
along with the routing of feeders.

In this scenario, all loads are provided and there is
no voltage drop in feeders. As it is known, some of
the loads are supplied by two transformers, which
increase the reliability of the system. Table 6 shows
the results of this scenario. As expected, the total cost
increased by improving system reliability.
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4. CONCLUSION

In this research, in addition to optimizing the loca-
tion of 20kV / 400V transformers and finding op-
timal routing of 20kV and 400V feeders at the
same time, a precise long term load forecasting
was done by using artificial neural network. In this
algorithm, a three-layer perceptron network for
long term load forecasting, a sigmoid function for
input and output layers, and an error propagation
method for training the neural network were used.
The results of long term forecasting with squared
error of 0.0032 for trained data and 0.381 are ob-
tained which are acceptable for test data. The loss
and equipment cost reduction, system reliability
improvement through the optimal location of 20kV
/ 400V transformers and optimal routing of 20kV
and 400V feeders were simultaneously provided in
radial distribution grids.

The objective function, consisting lengths of
the Lv and Mv feeders as well as the reliability of
the system, are minimized at each step by genetic
algorithm. The proposed method was then imple-
mented on a Green Field network and various sce-
narios with different nhumber and type of trans-
formers were examined. Besides, the both cost and
loss of feeders and transformers were calculated. It
can be concluded that according to the mentioned
results, the proposed algorithm describes the path
of 20kV and 400V feeders well, as well as the op-
timal location of 20kV/ 400V transformers. On the
other hand, the system reliability varies in different
scenarios, which can be considered in the system
designing based on the user's perspective and the
dedicated budget.
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