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Distribution Networks. Methodological guidelines

Introduction

Traditionally, 1939 is regarded as the birth-year of energy industry in Latvia; in this
year, Kegums Hydroelectric Power Station was built and connected to the general system
of power transmission and distribution networks. Later, the State Electricity Enterprise
Kegums started operation. Over time, the company’s name has been changed to AS Lat-
venergo and it has become a Baltic-wide provider of energy supply services: generation,
transmission, and distribution of energy.

In 2007, the daughter company AS Sadales tikls (hereinafter — distribution network
or DN) of the group of companies AS Latvenergo was established. AS Sadales tikls deals
with the maintenance and development of the power distribution network and provides
the population with quality power supply. Since development of modern society cannot
be imagined without electricity, the main task of the company is to ensure sustainable
development of distribution networks by investing in projects and raising the quality and
reliability of power supply to consumers.

The existing electrical grid in Latvia is very wide and branched, and covers 99 % of the
State’s territory. Large part of the network has been retained from the Soviet times and
does not have sufficient level of optimisation. More than half of the Latvian electrical grid
consists of overhead lines that go through overgrown territories in a total of 21,000 km.
Problems often arise in rural territories where long overhead lines with insufficient cable
cross-section go to consumer causing low-quality characteristics of voltage [1].

The methodological guidelines summarise information on the description of distri-
bution networks, standards applicable to the network maintenance and improvement
solutions.
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1. STRUCTURE AND KEY PARAMETERS OF
DISTRIBUTION NETWORKS

1.1. Architecture of distribution networks

The Latvian power system consists of high-voltage lines (330-110 kV), medium-voltage
lines (6-20 kV), and low-voltage lines (0.23-1.00 kV). For the provision of power supply
services, AS Sadales tikls uses low-voltage and medium-voltage equipment and lines the
total length of which exceeded 95,000 km covering 99 % of the territory in 2015. Power
supply is ensured by approximately 27,000 transformer substations. More than half of
the territory of Latvia is covered in wood, and some 21,000 km of the distribution lines
go through woods. Medium-voltage overhead lines account for about 30,000 km while
cable lines for 7000 km of the total network. The total length of low-voltage electrical grid
reaches nearly 58,000 km, out of these overhead lines account for 37,000 km and cable
lines — for 21,000 km [1].
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Fig. 1.2. Regional division of distribution network [2].

To ensure electricity distribution, distribution network maintains all the electrical
installations necessary for distribution. Electrical installations include medium-voltage
lines and poles, low-voltage lines and poles, transformer substations, distribution trans-
formers, supply stations, and switching devices on the lines. At a closer look, distribution
network consists of 1,219,699 power transmission poles, out of these 498 are of metal,
256,048 — of reinforced concrete, and 963,153 — of wood. The total length of medium-
voltage lines is 35,469 km, 7,186 km of them are cable lines, 26,357 km — bare wire lines,
and 1926 km — lines with insulated wires. Low-voltage lines account in total for 58,345 km,
including 23,601 km of cable lines, 22,060 km of bare wire lines, and 12,684 km — aerial
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cables. Distribution network maintains 26,909 transformer substations, from these
11,776 are outdoor, 2650 — containerised, 6644 — kiosks, 5836 — closed substations.

Elements of power transmission line, poles.
Total number in distribution network: 1,219,699

0,001 %

Metal poles

M Reinforced
concrete poles

B Wood poles

Low-voltage lines.
Total length in distribution network: 58,345 km

Cable lines (km)

M Bare wire lines
(km)

M Lines with insulated
wires (km)

Fig.1.3. Number of electrical installations of distribution network.

Medium-voltage lines.
Total length in distribution network: 35,469 km

6%

Cable lines (km)

M Bare wire lines
(km)

M Lines with insulated
wires (km)

Transformer substations.
Total number in distribution network: 26,909

Qutdoor,
pole-mounted

M Containerised (KTP)

21%

44 %
B KTPN, KTPS, KTPO

M Closed

Statistical data on the electrical installations maintained by distribution network by
regions and comparison of the ratio thereof to the total number of electrical installations
of distribution network in 2016 is presented in (Figs. 1.4-1.10).

1. Eastern region

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %
0 %

" EolY) 0 o 0 T oo o~

2 99 o of ot £ oF £E

o) © o o X 0Ox T% 30X X

a goa o EY 2% Ly bv ~

— ow ow ocw ww

5 €8 T 3o ><D§'§ S0 oo

D =0 o T C " o5 . C p C

) &L ¢} c£= g£= ?‘8 2= o=

> ¥2 2 52 5p £8 30 gp

o 50 53 52 a2 33

O 0 032 T2 o] ;;

EU S o 2c¢ O
S =z 9
9 =]
< 2

Low-voltage aerial

cable lines (km)

Outdoor, pole-mounted

transformer substations

. Other
regions
Eastern
region
32 g9 5% 5% 3% 23
@ o 5 o .9 )
t¥ Eb 55 5E %‘g ‘G 3 Electrical
s} . .
Z - € 2 '_SLE N 2 £ 5 installation
o] Z c8 B% 3 2
.E: o oo »2c S 0
5 ; 5 Q0 v
O ° *
9]
%]
o
O

Fig. 1.4. Statistics of electrical installations used in the Eastern region of distribution network.
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According to the statistics, there is a large proportion of overhead line poles in the East-
ern region (Fig. 1.4). The total number of metal poles in distribution network is 498, and
as shown in Fig. 1.4, 197 or 39.5 % of all are located in the Eastern region. In comparison
with other regions, also the number of reinforced concrete and wood poles is higher here,
consequently resulting in more length of overhead lines and aerial cables. This is explained
by the fact that mainly bare wire lines were built in the Eastern region by 1998. As shown
by the graph, low-voltage overhead lines in the Eastern region account for 29.4 % of the
total length of low-voltage overhead lines maintained by distribution network.
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Fig. 1.5. Statistics of electrical installations used in the North Eastern region of distribution
network.

Also the North Eastern region (Fig. 1.5) is known for large proportion of overhead
lines. Medium-voltage bare wire lines account for 21.3 % and low-voltage bare wire lines
for 26.2 % of the total length of bare wires. Since 2000, use of outdoor transformer and
pole-mounted transformer substations has increased rapidly. It can be explained by the
need to connect new users, and this is realised by building outdoor transformer substa-
tions of the necessary power under the existing medium-voltage bare wire lines. In the
North Eastern region, there are 17.9 % of outdoor and pole-mounted transformer substa-
tions and only 6.5 % of containerised substations of all the substations are maintained by
the distribution network.
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3. Northern region
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Fig. 1.6. Statistics of electrical installations used in the Northern region of distribution network.

Medium-voltage insulated wire lines in the distribution network account for just
1926 km, and 27.7 % or 494 km of them are located in the Northern region. This trend
is explained by the fact that approximately half of the territory of the Northern region is
covered in wood and insulated wires are used to prevent supply interruptions caused by
weather conditions as much as possible. Low-voltage bare wire lines account for 12.8 % of
the total length, and low-voltage cable lines — for 12.6 %. It can be concluded from the
above that the Northern region network consists mainly of medium-voltage lines that are
located close to users, and there is no necessity to build long low-voltage lines straight to
consumers.
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4. Southern region
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Fig. 1.7. Statistics of electrical installations used in the Southern region of distribution network.

As presented in Fig. 1.7, low-voltage aerial cable lines are often used in the Southern
region. These account for 19.7 % of the total length of low-voltage aerial cable lines in
distribution network. There are also many outdoor and pole-mounted transformer substa-
tions — 21.2 % of the total number. Closed transformer substations in this region amount
to 15.1 %, which is the largest number among regions, excluding Riga City region.
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5. Central region
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Fig. 1.8. Statistics of electrical installations used in the Central region of distribution network.

According to the electrical installation statistics (Fig. 1.8), it is clear that the infrastruc-
ture of electrical grid in the Central region differs from the other regions. Namely, there
are comparatively less overhead lines. It can be explained by the fact that population den-
sity here is much higher resulting in more cable lines, less outdoor transformers, and more
containerised transformer substations. Such proportion of electrical installations should
be reached all over the territory of Latvia so that distribution network could improve the
network quality.
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6. Western region
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Fig. 1.9. Statistics of electrical installations used in the Western region of distribution network.

There is lower proportion of electrical installations in the Western region, if compared
to other regions. Considering the trends in other regions, there are considerably more
cable lines in the Western region than bare wire lines, resulting in overall better situation
than in other regions. Statistically, there are 15.8 % of switching devices in the Western
region, which is many if compared to the number of other electrical installations. Thus, it
can be concluded that the infrastructure here is more in order.

12



1. Structure and key parameters of distribution networks
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Fig. 1.10. Statistics of electrical installations used in Riga City region of distribution network.

Riga City region is significantly different from the other regions. Power supply net-
works here must be reliable and ready to ensure additional large power to consumers at
any moment. As shown, the length of medium-voltage lines is almost similar to low-volt-
age lines; therefore, the number of transformer substations is considerably larger than
in other bigger regions. It can be explained by the fact that electricity consumption in
Riga accounts for half of the total electricity consumption in Latvia and it is not pos-
sible to distribute the necessary amount of power using low-voltage lines; thus, there are
2288 transformer substations in Riga City region that distribute electricity to consumers
using low-voltage lines. Overhead lines are not used due to development density and safety
considerations.

1.2. Types of distribution network conductors

1.2.1. Overhead lines

Overhead line is an electrical installation designed for power transmission by wires
that are located outdoors and fixed to poles or engineering brackets with insulators and
armature [3]. Overhead lines in distribution network are built using bare wires, insulated
wires, and aerial cables.

1.2.1.1. Bare wires

Bare wires have no insulation and are therefore affected by environmental conditions.
As an example, wire vibration caused by wind, wire icing, which usually forms at low
temperature, thermal expansion and contraction can be mentioned; thus, bare wires used
for power transmission must have high mechanical strength and they must be made of
materials with good conductivity. Bare wires are made of aluminium, steel, and steel-
aluminium. In distribution network, bare wires are used for constructing both low-voltage

13
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1. Structure and key parameters of distribution networks

and medium-voltage networks; they are sub-divided according to the constructive execu-
tion (Fig. 1.11) as follows:
a) single-wire conductors;
b) multi-wire conductors that are made by intertwining 7,121,937 strands (depending
on the wire cross-section);
¢) multi-wire conductors made of two metals.

O

Fig. 1.11. Bare wire constructions used for overhead lines in distribution network [4]: a — single-wire,
b, c — multi-wire.

1.2.1.2. Insulated wires

Insulated wires (Fig. 1.12) are used in distribution network for medium-voltage line
construction. Compared to bare wires, insulated wires are more expensive but the addi-
tional investment in line construction often pays back in terms of maintenance cost. Insu-
lated wires are less affected by environmental conditions resulting in more quality power
supply. An insulated wire consists of aluminium alloy wire and insulation material that is
resistant to environmental conditions.

Fig. 1.12. Construction of an insulation wire used for overhead lines in distribution network [5].

1.2.1.3. Aerial cables

Insulated low-voltage wires are called aerial cables. Aerial cables are used in distribu-
tion network more and more often due to the following reasons:

1) phase wires are insulated — no need to maintain distance between phases, voltage

is not lost if a falling tree branch hits the wire;

2) several low-voltage lines can be installed on one pole;

3) lower operating costs;

4) convenient assembly, no need to use insulators;

5) anew user may be added to the line without interrupting the voltage.

Construction of an aerial cable is presented in Fig. 1.13.

1 — three-phase conductors made of aluminium
and consisting of several intertwined
conductors

2 — one messenger wire made of aluminium-
manganese alloy wires

3 —oneinsulated wire so that street lighting
can be connected

Fig. 1.13. Construction of an aerial cable used in distribution network [6].

14



1.2.2. Cable lines

Cable line is a power line that is made using a specially insulated wire — cable, which
is laid underground, on building walls, in cable channels, cable ducts, etc. Nowadays, con-
struction of cable lines is getting more popular and the overhead line length in Latvia
gradually decreases stepping down to cable lines. Every year AS Sadales tikls invests in

1. Structure and key parameters of distribution networks

replacing overhead lines with cable lines due to the following considerations:

1) cable lines are mainly buried — this way it occupies less space and they can be
installed at places where there is no space for overhead lines, which is of special
importance in cities;

2) when cables are buried in rural territories, the risk of voltage interruptions caused
by environmental conditions is reduced (including tree branches falling on line

wires due to wind and causing short-circuit and wire damage);
3) lines are accessible by unauthorised persons;

4) construction is more expensive if compared to overhead lines; however, the opera-

tion is cheaper since no maintenance of power line routes must be ensured.

Constructions of cable types used in distribution network most often are as follows:

a) three-core medium-voltage cable (Fig. 1.14);
b) single-core medium-voltage cable (Fig. 1.15);
¢) four-core low-voltage cable (Fig. 1.16) [7].

1 -3 copper or aluminium conductors

2 — shield around the conductor blocking the
magnetic field

3 —insulator, which insulates the conductor from
other conductors

4 — insulation layer, which blocks the magnetic field
5 - water-absorbing wool, which blocks longitudinal
water flow in case of a damage

6 — copper shield, which leads fault current to an
earthing installation in substation

7 — aluminium foil, which provides transversal water
protection

8 — polyethylene coating, which protects against
mechanical damage and provides insulation

Fig. 1.14. Three-core medium-voltage cable [7].

N O 0w

1 - copper or aluminium conductor
2 — shield around the conductor blocking the magnetic field
3 —insulator, which insulates the conductor from other
conductors

4 —insulation layer, which blocks the magnetic field

5 — water-absorbing wool, which blocks longitudinal water flow
in case of a damage

6 — copper shield, which leads fault current to an earthing
installation in substation

7 — aluminium foil, which provides transversal water protection
8 — polyethylene coating, which protects against mechanical
damage and provides insulation

Fig 1.15. Single-core medium-voltage cable [7].
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71— aluminium conductor

2 — semiconducting insulation layer around the
conductor, which equalizes the electromagnetic field
inside

3 — aluminium foil shield, which leads fault current to an
earthing installation in substation

4 — polyvinyl chloride or polyethylene coating, which
protects against mechanical damage and provides
insulation

5 - additional polyethylene outer layer for safe

installation of cable

Fig. 1.16. Four-core low-voltage cable [7].

1.3. Proportion of medium-voltage and low-voltage cable types by
years

Over time, power supply networks become out-of-date, get damaged or it is simply
necessary to build new networks to connect new users. Quality and reliability of electricity
transmission depend on careful selection of wires or cables. When planning construction
of new or replacing of existing electrical grid, construction and maintenance cost calcula-
tion must be done considering the line length and intensity of load to be transmitted. It is
also important to take into account the fact that loads tend to increase over time.

Trends in selecting types of power supply lines have changed radically over the years.
Figure 1.17 shows that mainly bare wire lines were used from 1980 until 2000, but this
proportion reduces later on. Since 2000, AS Sadales tikls has started active construction
of cable lines, usage of insulated low-voltage aerial cable, and insulated medium-voltage
wires. Changes in the selection of line types can be explained by the many advantages of
cable lines, aerial cables, and insulated medium-voltage wires; using these, distribution
network is able to provide more quality electricity in different conditions.

km
3500
W Lines with
insulated wires
3000 (SAX, PAS) -
medium-voltage
2500 lines
W Aerial cable lines
2000 (AMKA)
i Bare wire lines
1500 [ Cable lines
1000
500
0
year

Fig. 1.17. Proportion of medium-voltage and low-voltage lines by years [8].
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1. Structure and key parameters of distribution networks

1.4. Questions for self-test

1.

AR

Execution of overhead lines in low-voltage and medium-voltage distribution net-
works.

Regional division of distribution network in Latvia.

Structure of a medium-voltage cable.

Structure of a low-voltage cable.

Why is water-absorbing wool necessary in medium-voltage cables?

Comparison of costs: construction of overhead lines and cable lines.
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2. Power quality requirements

2. POWER QUALITY REQUIREMENTS

2.1. Quality parameters

Any equipment, which uses electricity, needs quality power. All equipment is built pur-
suant to specific standards to ensure the best economic effect. The standard EN 50160
operates in the European Union, but in Latvia this standard has been transposed into Cab-
inet Regulation No. 759 “Regulations Regarding Voltage Requirements for Public Power
Supply Network”. There are six normalised parameters set according to this standard for
alternating voltage network [9].

2.1.1. Voltage deviation
Voltage deviation — increase or decrease in the active voltage value caused most often
by changes in load. Voltage deviation is determined according to the equation

U-U
— —__—mom 1, @.1)

nom
where V — voltage deviation, %;
U — active voltage in network point, V;
Unom — rated network voltage, V.

According to the standard, the rated value is 230 V in low-voltage networks. An elec-
trical installation works in normal mode if voltage changes by no more than +5 % of
the network rated voltage. Maximum deviation is £10 % of the rated voltage. When the
maximum deviation is exceeded from 10 milliseconds to 1 minute, voltage deviation
called voltage dip occurs.

\4

2.1.2. Voltage fluctuation

Voltage fluctuation — pace at which voltage deviation changes in a time unit that
exceeds 1 % a second. It is defined as the difference between the largest and smallest net-
work voltage occurring in different moments and expressed as a percentage from network
rated voltage [10].

U U

AVmaks = wloo = Vmaks -V

min ?

2.2)
nom
where AV,.is — voltage fluctuation, %;
Unmaks — Maximum voltage value in network point, V;
Upnin - minimum voltage value in network point, V;
Vimax — largest voltage deviation, %;
Vimin — smallest voltage deviation, %.

2.1.3. Frequency deviation

Frequency deviation — difference between the frequency of a power system at some
moment and its rated value [10]. Deviation of a normalised frequency is £0.1 Hz. Fre-
quency deviation may be established using this equation:

Af:f_fnom’ (2.3)

where Af— frequency deviation, Hz;
f— frequency in network point, Hz;
faom — rated frequency, Hz.
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2. Power quality requirements

2.1.4. Frequency fluctuation

If the pace of frequency change exceeds 0.2 Hz/s, this change is called frequency fluc-
tuation. In normal working conditions, when the Latvian power system works together
with the Belarusian and Russian power systems, the rated voltage frequency is 50 Hz.

2.1.5. Three-phase voltage unbalance

Voltage unbalance is caused by unequal single-phase load, which generates negative
sequence and zero sequence components of currents and voltages. Unequal load in each
of the phase wire generates voltage unbalance and current emerges in the neutral conduc-
tor, which means that negative sequence and zero sequence components of voltage are
generated in the neutral conductor. The negative sequence voltage is characterised by the
negative sequence factor [9]:

U
K,= 72100, 2.4)

1
where K, — negative sequence factor;
U, — effective value of primary frequency voltage, V;
U, — effective value of the negative sequence voltage of primary frequency, V.

2.1.6. Current and voltage non-sinusoidality

Deformations of voltage and current curves are caused by the non-linear elements
(transformer limbs) present in a power system and semi-conducting elements at users
(computers, converters, etc.). Non-sinusoidal currents and voltages are complex periodic
fluctuations that consist of a range of harmonic fluctuations of various frequencies. The
content of highest harmonic components in a power system is described by factor [9]

U
K, = —2100, (2.5)
1
where K, — factor of n'™ harmonic component;
U; — effective value of primary frequency voltage, V;
U, — effective value of n™ frequency voltage, V.

2.2. Conformity of standard characteristics in distribution networks

In some cases, the values of these characteristics may be exceeded because they change
according to the available power in normal working conditions of a power supply system,
as well as in case of network damage usually caused by external emergency conditions. To
find out the voltage of electrical grid, it can be measured at any point of this grid, but this
standard lays down, describes, and specifies the main characteristics right on the border of
electrical facility belonging. This is the point that is specified in the power supply contract
and at which the technical and economic characteristics of electric supply are determined.
In distribution network, the border of electrical facility belonging is usually set by the
electricity meter.

In 2012, the Public Utilities Commission started testing the compliance of electric-
ity quality with the standard and performed 50 measurements in total. Non-compliance
with the voltage standard characteristics was established in 41 objects. The largest number
of non-compliances were established for such criteria as voltage fluctuation and voltage
non-sinusoidality. A reason for this may be the fact that measurements were mainly per-
formed in rural territories where the power supply lines are long and with insufficient
cross-section [11]. Monitoring of the permitted limits of the value of these characteristics
is also performed by the system operator, and if necessary the system operator takes meas-
ures to improve the network quality as economically as possible. As presented in Fig. 2.1,
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2. Power quality requirements

the number of measurements keep growing year by year allowing establishing of objects
where improvements are necessary.

number
600
[ Standard
400 compliant
[l Standard
200 non-compliant
0 38 |

2012 2013 2014 2015

Fig. 2.1. Number of measurements of voltage characteristics [11].

2.3. Questions for self-test

Power quality parameters.
Give the definition of voltage deviation and determine the permitted voltage values.

What monitors the quality parameters of voltage characteristics?
What are the causes of three-phase voltage unbalance?

What is frequency fluctuation?

Which standard sets the electricity quality parameters?

oA WN R
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3.Powersupplyreliabilityindicesanddynamicsthereofatdistributionnetwork

3. POWER SUPPLY RELIABILITY INDICES AND
DYNAMICS THEREOF AT DISTRIBUTION
NETWORK

3.1. Standard reliability indices
Electricity users expect quality, and this means also reliable power supply; therefore,
the most important task of the distribution network is to ensure continuous and quality
power supply as efficiently as possible and with as low investments as possible. Reliability
of power supply depends on the power interruptions and voltage dips. In Latvia, the reli-
ability of power supply is regulated by the Cabinet of Ministers Regulation No. 50 “Regula-
tions Regarding the Trade and Use of Electricity”. The Energy Law prescribes that system
operators must ensure continuous operation of their objects and appropriate technical
condition thereof. Every year, the system operator provides information to the Public Util-
ity Commission to ensure the control of changes in the reliability level of power
supply. Globally, and also in Latvia, to assess the level of power supply reliabil-
ity, the electricity supply indicators SAIFI and SAIDI are used [13].
1) SAIDI — System Average Interruption Duration Index. SAIDI is mea-
sured in minutes or hours for one user of the system over the course of a
year. The total system factor is calculated as:

total duration of interruptions a year

SAIDI= total number of users

(3.1

2) SAIFI — System Average Interruption Frequency Index. SAIFI is mea-
sured in units of interruption for one user of the system over the course
of a year. The total system factor is calculated as:

total number of interruptions a year

SAIFI= total number of users

(3.2)

Fig 3.1. SAIDI and SAIFI [6].

3.2, Reliability indices in Latvia and Europe
Figures 3.2 and 3.3 show that the duration and number of interruptions in Latvia
tend to decrease. Reliability issues have become especially important after the winter of
2010/2011 when users experienced a lot of power interruptions due to extreme weather
conditions. After this extreme situation, power supply operators have modernised their
equipment and raised the professional competences. Large investments have been made
in maintenance of power supply routes, which has clearly resulted in improved reliability
[14]. Duration and number of unscheduled power interruptions per 1 user in Latvia is
grouped according to 3 conditions:
1) normal conditions — conditions in which the demanded power is guaranteed;
2) emergency conditions — situation in which much damage due to weather condi-
tions have occurred;
3) all conditions — measurements are not divided into normal and emergency condi-
tions.
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Fig. 3.2. Duration of unscheduled power interruptions per user in Latvia in 2015 [11].
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Fig. 3.3. Number of unscheduled power interruptions per user in Latvia in 2015 [11].

The duration and number of unscheduled power interruptions per user in Latvia tend
to decrease in the latest years; however, we still rank at the top of the European level.
As shown in Fig. 3.4, the average duration of power supply interruptions in the world
is 88 minutes, while in Latvia this indicator is 153 minutes, which is nearly two times
more. Denmark ranks the highest with 11 minutes a year, but Poland is the last one with
255 minutes a year. In comparison to neighbouring countries, the situation is as follows:
Lithuania is below the average global level (72 minutes a year) and Estonia is slightly above
the average — 102 minutes a year.
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min On average, 88 minutes
avyear.

300

255

250

200

150

100

50

¢}
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Fig. 3.4. Duration of unscheduled power interruptions per user in Europe in 2015 [15].
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According to Fig. 3.5, the average number of power interruptions per user in Europe
is 1.3 times a year. Latvia ranks low also in this indicator of power supply reliability, com-
pared to other European countries. The frequency of power supply interruptions in Lat-
via is 2.4 times a year. The Netherlands and Denmark has the least interruptions — just
0.3 times a year, but Poland — 3 times a year, which is the highest indicator among the
European countries.

times
3.5

Ve
KOn average, 1.3 times a year.
3.0

PL LV CR PT CZ IT GR SL EE HU SE LT FR AU UK DE DK NL

Fig. 3.5. Frequency of unscheduled power interruptions per user in Europe in 2015 [15].

3.3. Questions for self-test

3.
1. What parameters does the power reliability indicator depend on?
2. SAIDI index.
3. SAIFI index.
4. What are the values of reliability indices in Latvia compared to the European coun-
tries?
5. Which standard regulates reliability?
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4. Measures for improving distribution network quality

4. MEASURES FOR IMPROVING DISTRIBUTION
NETWORK QUALITY

4.1. Improvement of voltage quality in distribution network

The basic goal of electrical grid operation is to provide users with quality and reliable
electricity; but over the years the grid:

= wears out;

* must be developed in case of changes in load when it is necessary to connect new

users;

* must be restructured due to technical condition, damage, and quality.

To improve the voltage quality, distribution network performs efficient selection of
technical solution as economically as possible. Selection of technical solution depends on
the technical condition of the existing electrical grid, distance between the users’ objects
and the distribution transformer, load intensity, and environmental factors.

Fig. 4.1. Technical solution selection algorithm.

Objects must be assessed first, taking into account the current and prospective situa-
tion, and then the appropriate technical solution must be developed (Fig. 4.1). If the elec-
trical grid is not technically outdated, then the most appropriate technical solution is to
construct an aerial cable line with larger cross-section on the existing poles if the service
life of the poles is expected to be more than 10 years. If it is not possible to increase the
cable cross-section, voltage stabiliser is used as a temporary solution.

4.1.1. Solutions involving voltage stabiliser

Often in rural territories where the electrical grid is long and branched, long power
lines with insufficient cable cross-section go to consumers causing low-quality voltage.
Voltage for consumers that are closer to the transformer substation is within the normal
range, while at the end of the line it is not sufficient any more (Fig. 4.2).
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Insufficient
voltage

20 kV line

é

Transformer
substation

Fig. 4.2. Visualisation of low-quality voltage of overhead line.

If the distance to a consumer does not allow to ensure appropriate voltage quality in
0.4 kV power transmission line or if the poles do not allow to construct an aerial cable line
of necessary cross-section, voltage stabilising device can be considered as a temporary
solution (Figs. 4.3 and 4.4). If new connections to the line are not planned or if the voltage
drop is seasonal, then such device is an appropriate technical solution for settling problems
related to voltage quality issues for a small number of consumers. Distribution network
uses this solution also to gain additional time for replanning the line and increasing the
power of the line.

0.4/0.4 kV

20/0.4 kV FU2, o @%
FU1 FU3 FUS Vol
o) lo} lo} oltage FUQ
@ %0 %0 %O stabiliser o)
L \N

FU6| FU7| FUS8

VNN

Fig. 4.3. Circuit diagram for constructing voltage stabiliser in an existing low-voltage overhead line.

Voltage stabiliser constantly measures line voltage and changes it if necessary. Oper-
ation of the stabiliser is based on a small autotransformer in which semi-conducting
switches change the transformation ratio by increasing or decreasing the voltage if nec-
essary. Stabiliser is installed close to those consumers for whom voltage improvement is
needed. Devices can be installed quickly and are ready to work at once.

Fig. 4.4. Voltage stabiliser.
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4. Measures for improving distribution network quality

4.1.2. Solutions for 1 kV distribution networks

In practice, distribution network traditionally constructs 20 kV medium-voltage lines,
transformers, and 0.4 kV low-voltage networks; additionally, a 1 kV line can be built,
which is an alternative in cases when the power line runs through woods, when the cost of
constructing medium-voltage cable or aerial cable line is high, or when there is a compara-
tively new cable or aerial cable line that can be transformed into 1 kV line.

Technology of 1 kV network, which is defined as a low-voltage network, is used in Scan-
dinavian countries, and Latvia has started using such solutions comparatively recently.
The main difference from the 400 V network is that an additional transformer is necessary
to transform 1000 V voltage to 400 V voltage. Such solution is usually used to improve
power supply quality most often in rural territories, where long low-voltage lines go to
consumers and no increase in the used load intensity is planned.

Transformer Transformer
substation substation
20 kV 1kV line 400V
20/1kV 1/0.4 kV

Fig. 4.5.1kV circuit diagram.

Advantages of using this technology [16] are as follows.
a) It can be calculated applying the power formula:

2
pP= \/5[Ucosq3 = ﬁg—cosw, 4.1
L
where P — power transmitted by the electrical grid;

I — current in the line, A;

U — voltage in the line, V;

Ry — resistance of the power line, Q;

cos ¢ — power factor.

400?
For 400 V system P,y = \/5 COsY; (4.2)
L
1000*
For 1000 V system P, jqy = J3 cosy; (4.3)
L

Comparison of 1000 V voltage and 400 V voltage:
Pogoy  \J3:1000%-R; -cosp 1000
Pyoy  +/3-400%- R, -cosp  400°

thus, the same power can be transmitted in 1000 V network over a 6.25 times longer
distance than in 400 V network, or power of 2.5 times larger intensity can be trans-
mitted over a 2.5 times larger distance. Taking into account the voltage loss, the
power that can be transmitted or the extension of line in real life varies from 4 to
5 times.

b) Already built cable or aerial cable lines can be used, because low-voltage cables and
aerial cables are designed for voltage up to 1000 V.

¢) Technology is more economical if used in objects where it is necessary to place
transformers closer to power points in case raising of power voltage values is need-
ed.

d) Reliability and quality of power supply grow as damage of 1 kV line does not result
in outage of 20 kV line.

Conditions for construction of 1 kV network [16]:

a) possible to construct using the existing low-voltage cables or aerial cables;

=6,25  (4.4)
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b) maximum power of 1/0.4 kV transformer is 50 kVA;

¢) if it is economically justifiable to place 20/0.4 kV transformer in load centre so that
the length of low-voltage lines does not exceed 1 km, then 20/0.4 kV solution must
be used;

d) in all cases when a 1 kV technical solution is considered, it must be benchmarked
against the construction of a medium-voltage electrical grid considering both the
construction and maintenance cost and the impact on safety.

4.2. Reconstructions in distribution networks
If it is more expensive to repair power transmission lines than to reconstruct them
in the long term and the described solutions lack prospects, then improvement of net-
work quality and voltage quality is performed by reconstruction. Reconstruction — the
rebuilding of a structure or a part thereof by changing the dimensions of the structure or
a part thereof and changing or retaining the functions, or changing the functions without
changing the dimensions [17]. In order to perform reconstruction at an object, the tech-
nical condition of this object, network quality indicators, and the design and construc-
tion costs must be assessed carefully. The following must be considered when developing
guidelines for assessing the technical solution for object reconstruction.
1. Reliability of distribution network object must be assessed including:
« elimination of operationally dangerous defects;
o elimination of dangerous defects.
2. Wear and tear must be assessed (both in physical and financial terms), which basi-
cally includes:
o assessment of worn constructions and equipment at transformer substations;
 elimination of discrepancies of power line cross-section;
« prevention of large number of damages.
3. Commercial aspect must be assessed, which basically includes:
« considering the number of users (actually, this value determines also the value of
reliability parameters SAIDI and SAIFI);
 considering the consumption.

Fig. 4.6. Worn electrical installations in distribution network objects.

Thus, key questions for object assessment are set according to the planned solution.
1. In relation to the electrical grid maintenance:

« key question — “Can the object wait for reconstruction?”;

« if the answer to the key question is “cannot wait for reconstruction”, then the
electrical grid is repaired;

« all other answers indicating that the electrical grid can wait for reconstruction
are reviewed individually and implemented or not implemented depending on
the situation.

2. In relation to the electrical grid renovation:
 key question — “Is the electrical grid worn out?”;
« if the answer to the key question is “is worn out” then the electrical grid is
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reconstructed;
o all other answers indicating that the electrical grid can still be operated are
reviewed individually depending on the situation.
3. Inrelation to user complaints regarding electrical grid:
« key question — “Is the complaint justified?”;
« if the complaint is justified, then the situation must be evaluated and fixed.

Fig. 4.7. New electrical installations in distribution network following reconstructions.

4.3. Maintenance of power line routes

Interruptions and loss of power supply in the distribution network largely depend on
weather conditions, because a great part of the total length of distribution network lines
in Latvia is overhead lines that are directly affected by weather conditions. To ensure
that electrical grid is in safe condition, AS Sadales tikls surveys the power lines regularly,
assesses the technical condition of power lines, and identifies the trees that endanger the
safety of power lines [18]. One of the most common causes for power supply interruptions
is falling of trees or branches on overhead lines resulting in short-circuit or damage to
wires.

One of the most important tasks of AS Sadales tikls is to efficiently remove trees and
branches that increase the risk of power supply interruption from power line routes. The
total length of power line routes to be maintained by cleaning is approximately 21,000 km.
AS Sadales tikls constantly increases the amount of investment and has a goal to clean
about 5500 km a year by 2019.
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Fig. 4.8. Amount of the power lines cleaned by AS Sadales tikls [15].

The width of cleaning zone under the power line routes is determined by the Cabi-
net Regulations and the Protection Zone Law of the Republic of Latvia. Protection zones
along all types and ownership electrical power networks and the equipment and struc-
tures thereof shall be specified in order to ensure operation and reliability of the electrical
power networks and the equipment and structures thereof [19]. Protection zones along the
distribution network overhead lines outside cities shall be the following [19]:
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4. Measures for improving distribution network quality

a) along overhead lines of electrical power network the rated voltage of which is up to

1 kV — 6.5 m from the axis of the line in which the power line route is 2.5 m from
the axis of the line on each side;

b) along overhead lines of electrical power network the rated voltage of which is 10-

20 kV — 30 m from the axis of the line in which the power line route is 6.5 m from
the axis of the line on each side.

In cleaning the power line routes (Fig. 4.9) motor saws and brush-cutters are usually
used. In vertical trimming of trees retractable chainsaws and lifting equipment are used.
The work involves trimming of trees in the protection zone and trimming of dangerous
trees outside the protection zone. Also tree cutter and tractors are used in cleaning the
routes, which considerably raises the work efliciency; using the cutter it is possible to cut
trees in the diameter of up to 10 cm [20].

Fig. 4.9. Cleaning of power line routes [14].

4.4, Questions for self-test

1.
2.

o hAWw

Measures for improving voltage quality in distribution network.

Does the power supply reliability and quality improve using 1 kV distribution net-
work?

What are the main reasons for worsening of indicators of power supply reliability?
What technologies are used in cleaning power line routes?

In what cases is voltage stabiliser used?

What is a protection zone and which regulatory enactment regulates the width of
protection zones?
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5. DEVELOPMENT TRENDS OF DISTRIBUTION
NETWORKS

5.1. Smart networks

In the latest years, one of the most widespread development directions of distribu-
tion network is raising smartness of the distribution network using smart technologies.
Currently, various smart network projects are developed and implemented in the world
although there is no single definition of a smart network. AS Sadales tikls defines a smart
network as a network that is capable of self-diagnosis and self-healing and that sends,
receives, and processes data on the situation of the network and separate elements and
parameters thereof and power flows independently and exchanges information with intel-
ligent electronic devices, manufacturers, system operators, dealers, and consumers in the
future [23].

One of the main tasks of the European Union is to ensure effective use of natural
resources by laying increasing emphasis on the renewable power sources and by decreas-
ing the carbon dioxide emissions. It means that a consumer may become a generating
source in the future resulting in a two-directional power flow: to and from a consumer.
If the existing network was not modernised, possibilities of power saving and energy effi-
ciency would not be used, and the energy market would develop much more slowly.
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Dispatch control of pro- | Transmission Sensors Control of distri- Distribution Modern recording
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Fig. 5.1. New communication infrastructure for complex integration of equipment and information
[24].

Figure 5.1 shows the target infrastructure of distribution network. By introducing
smart networks, important advantages emerge: the possibility to quickly localise and
eliminate network damage, to manage the small power stations much safer, the possibility
to optimise energy flow by reducing power loss, and the interactive data exchange between
a consumer and distribution operator.

5.1.1. Smart meters

Similarly to other operators of electricity distribution system in the European Union,
traditional meters are replaced by smart meters step by step also in Latvia to improve
the customer service and reduce costs. Smart electricity meter is a device that records
consumption of electric energy and provides information on power consumption at the
object by hours and that is managed remotely allowing to service the meter without an on-
site visit [25]. Since 2007, about 260,000 traditional meters have been replaced with smart
meters in distribution network. The ratio of traditional and smart meters is presented in
Fig. 5.2.
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Smart meters
« Traditional meters

Fig. 5.2. Ratio of smart and traditional meters in distribution network [26].

While it can be observed that replacement of meters is more often done in cities and
towns, all traditional meters must be replaced with smart meters pursuant to the Directive
2012/27/EU of the European Parliament and of the Council of 25 October 2012 on energy
efficiency providing the following:

at least 80 % of consumers should be equipped with intelligent metering systems by
2020;

complete introduction of intelligent metering systems must be completed by 2022;
electricity meter recording load curves and time-current zones must be installed
where the benefits exceed costs in the long term [26].

A smart meter, using a two-directional communication fulfils the following functions:

registers the consumed real and reactive electricity;

registers load curve;

registers events (voltage interruptions, voltage deviations, damaging of meter);
ensures remote disconnection of power supply.

Fig. 5.3. A smart meter used by AS Sadales tikls.

Advantages provided by the use of a smart meter are as follows.

1.

Customer does not have to read the meter, and invoice is received automatically.
Detailed consumption information is available to the consumer with a possibility to
receive instant information on network damages.

Reduced expenses for AS Sadales tikls allowing to disconnect power supply to a
consumer remotely if necessary, without visiting the object. Ensured automation
and monitoring of processes thus reducing the loss and allowing for efficient im-
provement of smart network.

Payment services are facilitated for an electricity dealer as readings are sent in time
and invoices are prepared automatically.
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5.1.2. Automation of power lines
5.1.2.1. Smart switches

To ensure operative identification of the damaged spot and restoration of voltage in
the undamaged part of the network thus decreasing the duration of power interruptions
caused by unscheduled outages, AS Sadales tikls installs damage indicating devices and
remotely operated power switches or the so-called smart switches in medium-voltage
lines. Power outages in medium-voltage network are often caused by falling branches or
unplanned line damage. By installing the remotely controlled power switches, it is pos-
sible to divide a wide and branched network into smaller districts, thus gaining several
advantages:

= the number of disturbed consumers reduces;

» time for localising the damaged place reduces;

" more commutation possibilities;

* improved reliability of power supply.

Fig 5.4. Remotely managed power switch [27].

5.1.2.2. Damage indicators

To ensure faster identification of the damaged place, damage indicators that are con-
nected to the dispatch control system are installed in addition to remote power switches.
In case of damage, the dispatch control system receives a notification in which the specific
damaged link of medium-voltage line is indicated. This information allows to inform the
service team of the faulty power line link to eliminate the damage instantly. Every year
AS Sadales tikls installs approximately 1000 damage indicators, and there are more than
8000 devices in operation in the medium-voltage network currently [28]. Damage indica-
tors are installed in strategic places where power lines branch. To ensure better location of
the damaged spot in the real life, when a damage is identified, the device signalises using
a flash-light that can be spotted from a 200-300 m distance by day and a 2-3 km distance
at night. The device is placed 3-5 m below the power line wires and its operation is based
on measuring the electromagnetic field around the wires. If voltage decreases or increases
suddenly or is lost, the device signalises. To inform the dispatch control system remotely,
a GSM modem is attached to the device ensuring information exchange.
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Fig. 5.5. Damage indicators used by AS Sadales tikls [27].

5.1.2.3. Dispatch control system

For more operative actions, AS Sadales tikls uses a dispatch control system that allows
remote management and control of distribution network and storage of the collected data.
Dispatch control is a process in which a system operator authorises changing of the loads
of generator devices and operational modes and energy parameters of network elements,
according to the dispatch control instructions given by the dispatch control staff of system
operator.
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Fig. 5.6. Seven regional dispatcher centres as of 1 August 2012 [30].

In 2016, the optimisation of the dispatch control centres was completed. It was consoli-
dated, and 1390 medium-voltage objects were connected to the dispatch control system to
ensure efficient monitoring and remote control of the electrical grid [31].

Advantages of the optimisation of dispatch control system:

* remote monitoring of substations;

* improved operational work;

* regulated data transmission network.

5.2. Questions for self-test
1. Explain the term “smart network”.
2. Explain the term “smart circuit breaker”.
3. Explain the term “smart meter”.

33



6. Diffused generation in electrical grid of as sadales tikls

6. DIFFUSED GENERATION IN ELECTRICAL GRID
OF AS SADALES TIKLS

6.1. Ratio and trends of diffused generation

Year by year the amount of diffused generation increases in the electrical grid, and the
question of the impact of these power stations on the voltage quality is becoming more and
more topical. According to the statistics (Fig. 6.1), the number of various power stations
tend to increase over the years. It is apparent that the number of CHP plants, solar panels
and wind power stations has increased over the last years, while the increase of small
hydro-electric power plants has slowed down. Of course, it raises the energy independence,
but also puts more burden on the distribution network.
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Fig. 6.1. Annual increase in the number of power station connections [12].

The trend that is presented in Fig. 6.1 has changed over the last two years. While there
was a rapid increase in the number of new electrical power generators starting around
2008 and 2009, these numbers started dropping following 2012 when the increase reached
its maximum. In general, no amendments have been made to regulations regarding per-
mits for increasing electricity production capacities or the introduction of new production
equipment permits since 20009.

To launch electricity production, decision from the Ministry of Economics must be
received regarding permission to introduce new electricity production equipment (issued
pursuant to Section 22 of the Electricity Market Law and Cabinet Regulation No. 883
“Regulations Regarding Permits for Increasing Electricity Production Capacities or the
Introduction of New Production Equipment”). To transfer the electricity into the power
transmission or distribution network or to sell it, the decision of the Public Utility Com-
mission No. 1/10 “Regulations Regarding Registration of Energy Producers and Traders”,
which entered into force in 2014, must be observed by the merchants the total trade vol-
ume of which exceeds 4000 MWh a year.

6.2. Amount of diffused generation

Nowadays, there is a widespread opinion in the society that the so-called “green
energy” or renewable power sources can save our planet. Sun and wind are often men-
tioned as the main savers. It is possible that technologies allowing transformation of these
natural resources into available electrical power are still far from their full potential. But
considering our climatic conditions, solar energy is not for us in terms of large-scale power
production, which does not relate, of course, to separate households that have chosen to
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place solar batteries on the roof, as shown by the number of generating units that use solar
energy and are connected to the network of AS Sadales tikls (Fig. 6.3). Development of
such small units is also supported by various financial support programmes of the Euro-
pean Union. However, there is no reason to speak of the popularity of “solar parks” in
Latvia in more general sense, contrary to the situation in other European countries located
more south. Although the situation in relation to wind power is better, the scandals that
have broken around some recently implemented projects cast a shadow on this type of
power generation. In addition, it is hard to imagine that the popular tourist object and one
of the main symbols of Latvia — the beach of the Baltic Sea — gets scattered with wind
parks even if they are located in the sea some hundreds of meters from the shore. This idea
is not widely supported.

One of our values is wood or timber, to be more specific. And it is the basis for the
development of the aforementioned CHP plants. Not all trees are carpentry timber, and the
others are successfully turned into heat first, and then into electricity indirectly through
fermentation gas. Although mass cut-out of woods takes place since the collapse of the
Soviet Union, in the last decade entrepreneurs have started considering instant reforesta-
tion mainly by using fast-growing tree species that would yield profit as soon as possible.
It is a pity that mass sale of our woods has started, but it is even more sad that the largest
dealers are not Latvians but foreigners who historically have more means. This does not
promote sustainable economic development, but is a short-term plaster on the economic
problems of Latvia.

Micro-Wind
0%

Sun
0 %

Micro-Sun
0%

Fig. 6.2. Installed generating power in distribution network (277.2 MW in total) [12].

The installed generating power in distribution network is presented in Fig. 6.2, but the
number of generating units connected to the distribution network — in Fig. 6.3.

Micro-Sun
22 %

Fig. 6.3. Number of generating units connected to distribution network (573 in total) [12].
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6.3. Location of diffused generation

There were slightly more than 600 electricity generating units registered in the GIS of
AS Sadales tikls in May 2016. This number includes also the Central or large generating
units in the cascade of hydroelectric stations on the Daugava River, as well as other large
power producing plants. However, the number thereof is not too big to prevent us from
grasping the general picture of diffused power generation, as shown in Fig. 6.4.

Fig. 6.4. Location of electrical power generating units in the territory of Latvia.

To raise the quality of the supplied electricity, AS Sadales tikls implements important
projects dealing with power quality improvement. The company continues reconstruction
of the power supply network and infrastructure maintenance, which raises the reliability
and quality of the power supply. Also Daugavpils city is not an exception in this regard;
therefore, in 2014 the Board of AS Sadales tikls discussed the issue concerning the electri-
cal grid possessed by AS Sadales tikls in Daugavpils city, within which medium-voltage
network reconstruction in Daugavpils was planned. The main reason might be the high
indices of SAIDI, but it is worth paying attention to the proportion of the diffused genera-
tion in the territory of Daugavpils city. It is worth studying the medium-voltage network
in Daugavpils city, as the electricity generated by the generators connected at one of the
substations significantly exceeds the amount of power consumed, thus resulting in addi-
tional loss for AS Sadales tikls.

6.4. Impact of diffused generation on the electrical grid of
AS Sadales tikls

Situation when the electricity generated by the diffused generation sources that are
connected to the distribution network is transferred into the distribution system or higher
voltage level becomes more and more frequent. Usually the reason behind this is rather
simple — the amount of electricity used is less than produced. Thus, the historical power
distribution network does not always comply with the regular and initially predicted cycle,
which usually operates in radial mode when the electricity from transmission system is
received in distribution substation and then transferred to the consumer. In this case the
aforementioned two-directional power flow emerges and electricity is transferred into the
power transmission system managed by AS Augstsprieguma tikls in some cases.

Such change is related to not only the technical aspects but also the financial considera-
tions, since AS Sadales tikls has to pay both for the installed power of transformers and
the electricity returned to the transmission system. Thus, such additional costs affect the
electricity tariffs that directly influences the power consumers. In addition, it is difficult
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to forecast such expenses and it is therefore impossible to ensure fixed cost of power dis-
tribution. Any rise of the tariff (as reduction of the tarift is not as topical usually) is widely
debated on by the society.

Generation

exceeds the load
in 12 substations.

| rasoviny
@ Substation with generation at 6 kV (1)
® Substation with generation at 10 kV (3)
® Substation with generation at 20 kV (8)

Fig. 6.5. Substations in which generation exceeds consumption.

According to the information at the disposal of AS Sadales tikls, in 2014, generation
sources connected to 12 substations (Fig. 6.5) produced more than consumed by the
consumers’ electrical installations connected to the substations.

6.5. Questions for self-test
1. Impact of diffused generation on the distribution network.
2. Location of electrical power generating units in the territory of Latvia.
3. Installed generating power in distribution network.
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