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Investigation of power saving modes in 10/0.4 kV distribution
networks

Abstract. Operation modes of 0.4/0.23 kV power supply systems are modelled using Monte Carlo method by means of Electronics Workbench
software and statistical processing of simulation results and testing of the Pearson distribution law hypothesis using Mathcad are carried out. An
analysis of existing power supply systems has been conducted and an alternative, economically feasible version of a power supply system is
proposed, where consumers are supplied from low power transformers mounted on supports.

Streszczenie. Tryby pracy systeméw zasilania 0,4/0,23 kV sg modelowane stosujgc metode Monte Carlo za pomocg programu Electronics
Workbench, i przeprowadzane jest statystyczne przetwarzanie wynikow symulacji i testowanie hipotezy prawa dystrybucji Pearsona za pomocg
programu Mathcad. Przeprowadzono analize istniejgcych systeméw zasilania i zaproponowano alternatywng, ekonomiczng wersje systemu
energetycznego, w ktérym odbiorcy sg zasilani z transformatorbw matej mocy zamontowanych na wspornikach. (Badanie trybow
energooszczednych w sieciach dystrybucyjnych 10/0,4 kV).
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Introduction

Improvement of the electric energy quality is a current
problem in rural electrical networks with a voltage of
0.4/0.23 kV, inextricably linked with reduction of additional
electric power losses which are caused by asymmetric
phase load. Analysis of operating modes of rural networks
with a voltage of 0.4/0.23 kV [1-3] showed that the current
imbalance was due to the household load. This load is for
the most part unevenly distributed over the phases of
single-phase electric receivers which, as a rule, have
random power consumption. Knowledge of current
asymmetry in a network makes it possible to clarify levels of
energy losses and, if possible, apply measures to reduce
them [4, 5]. Modern computer software allows for modelling
of unbalanced network modes and calculation of additional
power losses, which are the result of asymmetric modes.

The aim of this study is to develop energy-saving
modes of distribution networks in order to improve quality of
electrical energy and reduce additional losses.

Experimental

Load changes of single-phase household consumers of
electric energy are of a random nature and it is very difficult
to accurately determine in advance their value at any time.
It is possible only with a certain probability.

Even if single-phase consumers with the same power
and equal total daily power consumption are distributed
evenly, then due to the probabilistic nature of power
consumption for any time in a three-phase supply network,
one should always expect asymmetry of phase currents,
and, as a consequence, of voltages.

In the asymmetric mode, the technical and economic
performance of a network deteriorates sharply: energy
losses increase, voltage deviations from nominal values
and current flowing in the zero conductor cause appearance
of significant potentials across electrical equipment
enclosures connected to a zero wire, which leads to the
danger of electric shock. Service life of asynchronous
electric motors connected to such a network is dramatically
reduced. In addition, a number of negative electromagnetic
phenomena are observed both in the network and in the
load. Thus, losses of active energy resulting from an
uneven load of phases in 0.4/0.23 kV lines and consumer 6-

10/0.4 kV transformers increase by more than a third
comparing with losses that would occur under a uniform
load [4, 5].

Consider a section of a three-phase four-wire overhead
0.4/0.23 kV line with a length of 210 m (six supports). One
single-phase consumer is connected to each of the three
phases at each support. The network is powered by a
transformer whose secondary windings are connected in a
"star with neutral wire" scheme. The circuit of the network is
modelled in Electronics Workbench [6]. It represents three
single-phase voltage sources connected in the "star with
neutral wire" scheme, the initial phases of the sinusoid are
equal to 0, 120, 240 degrees, respectively, resistance of
aluminum wires of the overhead line sections between the
points of consumer connection (for air lines it is the distance
between supports) is represented by a row of series-
connected impedances (R = 0.012 Q, X = 0.011 Q for AC-
35 wire).

The consumers are connected to the phase and zero
wires, the consumers’ load resistances have the following
values alternating in phases in different sequences on
different supports: 20 Q, 30 Q, 40 Q. The consumers are
connected to the line in such a way that at the transformer
substation 10/0.4 kV, the 0.4/0.23 kV line represents a
symmetrical load.

Considering that changes in the load of household
consumers are random, subject to the normal distribution
law of random variables, we will perform a statistical
modelling of the network section scheme using the Monte
Carlo method. An example of one test is shown in Figure 1,
the current data are given in Table. 1.

Table 1 - Currents on network sections

Segments
Phases 1 2 3 4 5 6
A 51.84 47.85 42.75 33.28 23.28 11.1
B 46.99 33.93 24.23 18.51 10.29 | 5.09
C 45.16 37.62 29.51 24.42 15.29 | 6.04
N 5.86 12.36 16.4 12.77 11.27 | 5.57

Basing on 25 tests, we will perform statistical processing
of modeling results and verification of hypothesis of the
distribution law according to the Pearson criterion. To do
this, we use the Mathcad program [7].
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Table 3 - Mathematical expectation and dispersion of electric power

Eﬂ losses across network segments
Mathematical Segments
expectation
Phases| “P70 1 2 3 4 5 6
BEmmes oy oo wes prpec e sowoorm s dispersion
_ f 3 % % ! A M 31.95[24.48[17.30 | 8.45 | 4.99 | 1.63
R I B e s cx=n T o 1 o 1.188| 0.98 | 0.94 | 0.52 | 0.39 | 0.20
5 L E 3 |? L3 M 33.94(19.81[14.11| 825 | 2.21 | 0.64
B ) B T = = I o B . | | B~ = B
[___? [ i |} ! Li : o 117 | 0.72 | 0.59 | 0.38 | 0.15 | 0.09
B - e ] M 33.06 | 24.05 [ 13.78 | 9.02 | 4.06 | 0.37
c o 1.37 | 1.08 | 0.95 | 0.89 | 0.43 | 0.02
M 3.60 | 2.09 | 1.88 | 1.33 | 0.99 | 0.46
L ) X N o 1.71 |1 0.99 | 0.99 | 0.65 | 0.52 | 0.123

Fig.1. Modeling of network modes 0.4/0.23 kV by the Monte-Carlo
method using the computer program Electronics Workbench

As a result of the statistical processing of the data, we
obtain the following values of the mathematical expectation
M and the current dispersion s (Table 2) and the electric
power losses (Table 3) for the line sections of the
0.4/0.23 kV.

=

o

Fig.2. Calculation of the Pearson criterion using the computer
program Mathcad

Thus, the performed studies show that the change in the
load currents on the network segments and the electric
energy losses in an asymmetrically loaded network of
0.4/0.23 kV are subject to the normal distribution law.

Table 2 - Mathematical expectation and dispersion of current
across network segments

Mathematical Segments
expectation
Phases| 200 11 2| 3| 4| 5| s
dispersion
M 51.60|45.16 | 37.97 | 26.54 | 20.39 | 11.67
A o 9.95|9.02 | 884 | 6.61 | 5.71 | 4.10
M 53.18 |40.63 | 34.2826.22|13.57 | 7.33
B o 9.89 | 7.76 | 7.01 | 5.64 | 3.54 | 2.70
M 52.48 |44.76 | 33.88 |27.41|18.39| 5.56
¢ o 10.69| 9.47 | 8.91 | 8.65 | 6.00 | 1.26
M 17.32113.20[12.52[(10.55| 9.10 | 6.22
N o 11.93] 9.06 | 9.11 | 7.39 | 6.58 | 3.20

With increasing numbers of consumers, the length of the
line and the magnitude of the currents flowing along the line
increases, which leads to increasing in electric power
losses. Therefore, there is a necessary to apply appropriate
measures to reduce energy losses. Today, there are many
devices for balancing the network, but all of them, because
of their high cost and low reliability and inefficiency for long
lines feeding the communal - household load, have not
been widely used in networks 0.4/0.23 kV. Therefore, with
the complete reconstruction of existing transmission lines or
during constructing new transmission lines, it is necessary
to shift to other power supply systems.
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Electricity supply schemes and electrical networks
configuration were formed in the middle of the last century,
taking into account minimization of capital assets. This has
led to their rapid physical deterioration.

Most electrical networks today require a complete
replacement, since they have lost reliability, are physically
obsolete, and do not meet the requirements of energy
saving and safety. Therefore, it becomes necessary to use
a system of maximum decentralization in reconstruction of
existing or construction of new networks, which will
significantly reduce losses and costs of investment.

Using Electronics Workbench [6] software, we will
simulate operation of an existing traditional power supply
system (Figure 3). Parameters of a three-phase four-wire
overhead 0.4/0.23 kV line are the same as for the
calculations shown in Figure 1. Its load resistances have
the following values: 20 Q, 30 Q, 40 Q. Initial phases of the
sinusoid voltage are equal to 0, 120, 240 degrees,
respectively. Consumers are connected between a phase
conductor and the neutral conductor (3 consumers at the
point of attachment, with different sizes in each phase).
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Fig.ST-Sir“ﬁulation of network modes using Electronics Workbench
software

In the above diagram (Figure 3), a full phase segment of
a 210 m long line is simulated (six supports, one-phase
consumers are connected to each). Table 4 shows the
power losses across each segment in the phase and zero
wires.

Table 4 - Distribution of losses across wires in segments 0-1 to 5-6

The wire 01 1-2 23 3 o o
W] W] | W] | W] | W] | [W]
thse 1291 | 895 | 895 | 3.22 | 1.43 | 1.43
Phgse 12.98 | 576 | 324 | 3.24 | 036 | -
Phgse 129 | 129 | 572 | 322 | 322 | 0.36
Zero _ 1.05 | 1.06 - 1.06 | 1.07
wire

Total losses in the network will be 105 watts.
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Now let us consider a network with the same loads, but
with a voltage of 10 kV, in which 10/0.4 kV transformers are
located directly on the supports [8]. A scheme in Figure 4
also models a full-phase segment of the 210 m long line.
Table 5 shows power losses in each section of the network.
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Fig.4.mSir?1'uIation of network modes using Electronics Workbench

Table 5 - Distribution of losses across wires of sections 0-1 to 5-6
0-1 1-2 2-3 3-4 4-5 5-6
W] W] W] W] W] W]

0.01896|0.01106(0.01106|0.00474(0.00158|0.00158

Phase B [0.01899|0.01106(0.00474|0.00474(0.00158| —

Phase C [0.01896(0.01896|0.01106(0.00474/0.00474(0.00158|

Zero wire - - - - - -

The wire

Phase A

Total losses in the network will be 0.15 watts.

Comparison of the losses shows that, in the proposed
network, they are 700 times lower (without taking into
account losses in the transformers) than in the traditional
power supply system. In addition, the number of wires in the
proposed power supply system, is reduced by a quarter
because three wires are needed instead of four.

Statistical studies show [9] that it is possible to adopt a
network with one 10/0.4 kV transformer and an outgoing
cable that has a household loading with length of 700 m as
the mathematical expectation.

Let's compare costs of these networks. Table 6 presents
the cost of building a transformer substation and the cost of
building 1 km of the line. The construction costs for
substations and power transmission lines [10] are given in
the Table. 6. The basic cost of a line consists of the cost of
supports, wires, fittings, territory (the land cost allocated for
a support or a substation), and labour. It is also necessary
to take into account the cost of landscaping - 3%, design
work - 8%, other work — 3.5%, inflation — 2%.

Table 6 - Indicators of the construction costs of substations and
transmission lines

The cost of building a transformer The cost of building
substation — [€] 1 km of line — [€]
3510kV | 10/04KV | 10/04kV | (AC-70) (28x|1P6‘)1
2x4 MVA 100 kVA 16 kVA 10 kV
0.4 kV
121 100 4 800 540 12 400 6 800

Let us consider the cost of building a power supply
system for consumers supplied from a 0.4/0.23 kV network

(Figure 5).
35/10 kV 10/0,4 kV
transformer transformer

10 kV line

0,4 KV line

Let us define the cost of building such a power supply
system. For the purposes of calculation, a 10km long 10 kV
line and a 700m long 0.4 kV line (for 40 consumers) are
taken into consideration.

The total cost of such a power supply system is
€263 000. Let us now consider the cost of building a power
system for recipients who are supplied from the proposed
system shown in Figure 6.

35/10 kV
transformer
GD 10 kV line
10/0,4 kV
transformers

Users
Fig.6. The proposed electricity supply system
Let's assume a 10.7 km long 10 kV line (for 40

consumers). As a result, the cost of such a power supply
system is € 261 000.
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Fig.7. Diagram of the 0.4/0.23 kV power supply system

As a concrete example, we consider a real 0.4/0.23 kV
power supply system of (Figure 7). To determine the level
of current asymmetry, we simulate the operation of this
power supply system in Multisim (Figure 8).
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Fig.5. Traditional power supply system
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Fig.8. Simulated operation of a traditional power supply system in
Multisim
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Fig.9. Simulated operation of the energy-saving power supply
system in Multisim

As a result of the simulation, the following phase
currents in the head of the line: I, = 83.3 A, Iz = 59.5 A,
Ic = 80.4 and the current in the zero wire Iy = 22.1 A are
produced. The total losses in the network are 783.93 W.

Now we simulate the operation of an energy-saving
power supply system with the same loads (Figure 9).

As a result of the simulation, the following phase
currents in of the line: I, = 3.31 A, Iz = 3.67 A, I =3.23 A
are generated. The total losses in the wires of the power
supply system are 2.03 W.

A comparative analysis of the power supply systems
shows that consumers who use the proposed power supply
system (from small power transformers installed on
supports) have energy quality parameters that fully meet
the required standards.

Conclusion

1. Our studies showed that variation of the load currents
across the segments and losses of electric energy in an
asymmetrically loaded 0.4/0.23 kV network are subject to
the normal distribution law. As numbers of consumers rise,
the length of the line and the magnitude of the currents
along the line increase, which leads to greater power
losses. Therefore, there is a need to apply appropriate
measures to reduce energy losses.

2. The studies have shown that consumers of traditional
power supply systems have an unsatisfactory quality of
electrical energy (exceeding the coefficients of non-
sinusoidal, zero and reverse sequences several times), high
levels of voltage losses (unacceptable voltage deviations in
remote consumers).

In addition, the energy losses across the wires of the
proposed power supply system are much lower than in the
traditional power supply system. Investment in both the
projects is equally economical. Therefore, with a complete
reconstruction of existing or construction of new
transmission lines, it is necessary to shift to the proposed
power supply system, which allows to significantly reduce
electricity losses in the network, while ensuring higher
energy quality indicators.
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