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Energy of North-West Russia: current situation and future prospects

Valery Belei

THE POWER INDUSTRY OF THE KALININGRAD REGION:
AN ANALYSIS OF THE CURRENT STATE, FUTURE DEVELOP-
MENT, AND COOPERATION WITH THE ENERGY SYSTEMS OF
THE BALTIC REGION STATES

This article analyses the current state of the power system of the Kaliningrad region and
gives recommendations regarding the increase in energy efficiency. The author considers the
prospects of its development taking into account the possible accession of the Baltic States to
the UCTE.

Key words: energy system, electrical energy, power, electric loss, AC and DC
transmission lines, power plant, the Kaliningrad region.

In the year 2008, the internal resources of the Kaliningrad region, mainly the
Kaliningrad CHPP-2, accounted for 73% of the regional power demand. Table 1
shows the 2008 electricity balances of the Kaliningrad region and OAO Yan-
tarenergo.

Table 1
The electricity balance of the Kaliningrad region in 2008 [9; 13]

Power generation OAO Yantargenergo
Energy . .
amount Total |Local Imported Received from)Supplied — to Losses
power systems |consumers
kW - h, bln 3.97 2.83 1.14 3.74 3.05 0.68
% 100 |73 27 100 71.7 18.3

Today, Japan and Germany spend 7 and 3-4 times, respectively, less
power per product unit than Russia, which is explained by the high effi-
ciency of manufacturing sectors in these countries. The data presented in
Table 2 prove this statement. As a result, over the last years, the production
growth in developed countries has not been followed by the increase in
power demand.

Table 2

The key energy characteristics of the leading primary energy consumers (2003) [10]

o Primary energy, &
3 El/a e %
. o =) -
Country II;(I)E UI:;IOE’ § % ? é =
PEOPIC o IDemand Generation 5 2 "
) 2 -
O <
USA 290.8 37 840 98.16 70.16 953.2 11.6
China 1284.0 960 43.60 40.97 356.6 3.45
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Russia  |143.7 3030 |28.23 47.00 216.1 2.01
Japan 127.3 29770 [22.97 4.11 266.1 14.3
India 1042.0 440 16.59 16.59 108.0 4.25

Thus, the low efficiency of all spheres of Russian national economy re-
sulted in unreasonably high power demand. Experts believe that at least a
twofold increase in efficiency can enable OAO Yantarenergo to reduce con-
sumer supply from 3.05 bln kW - h in 2008 to 1.5 bln kW - hour, while the
output of the existing generation facilities will surpass the regional demand by
2010.

An important factor of increasing the efficiency of the electrical networks
that provide for the transmission and distribution of power is the reduction of
expenditure related to the mentioned process. According to international ex-
perts, a relative power loss in the course of transmission and distribution in
most countries can be assessed as satisfactory if it does not exceed 4-5%. 10%
losses are considered maximum permissible in the framework of transmission
physics [11]. Thus, one of the criteria used to assess the efficiency of electri-
cal networks and systems is the level of energy loss.

Let us consider the power losses in OAO Yantarenergo networks, which
amounted in 2008 to 0.68 bln kW - hour, or 18.3 % of power supplied to the
network from the power system (table 1). One should mention that the stan-
dard practice is to assess the losses of effective supply, therefore, the losses
in the power network of OAO Yantarenergo amounts to 22.3%.

Table 3 shows the structure of power losses during the transmission from
sources to consumers.

Table 3

The structure of power losses by the elements of power system of the Russian
Federation, %

Reactors, synchronous compensa-

Transmission tors, power condensers, meters, cur-| Substation
. Transformers . e
lines rent and voltage measuring trans- | auxiliaries
formers
=65 (5 —|=30 (a half
through coronalaccounts for|3 2
discharge) losses in steel)

Most power losses in electric networks occur in transmission lines. The
methods to reduce these losses are well-known [7; 11; 12]. First of all, it is
the increase in voltage during power transmission. So, power transmission at
a voltage of 10 kV instead of 0.4 kV, given the same length and section of
wires, reduces losses 625 times.

2 2
AP =31%.3,=2 %9 5,
U

Another method is the reduction in current density in transmission lines,

reactive power compensation, etc.
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The next important group of losses is those in power transformers. The
use of energy-efficient transformers, especially in distribution networks may
lead to 2-5 times reduction in power losses depending on the type of trans-
former load [3].

The energy security of the Kaliningrad region, owing to its geographical
position, greatly depends on the supply of energy resources from abroad and
the steps taken by the Baltic States and the EU in the framework of the inte-
gration of the Baltic electricity market into Europe. Today, the power system
of the Kaliningrad region is connected to that of mainland Russia through
the electric networks of the Baltic States and Belarus (fig. 1). However, this
link of a voltage of 330 kV is not reliable enough, since it is carried through
only one substation in the town of Sovetsk.

There are four other lines linking the Lithuanian and Kaliningrad power
systems at a voltage of 110 kW, but they are rather weak (table 4) and are
not designed for large capacities (figure 1 does not show the 110 kW lines).

Fig. 1. The main networks of the Baltic States, Belarus, the North-west of the
RF, and the Kaliningrad region
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Table 4

The transmission capacity and range of AC voltage lines (110—750 kV)

Transmission capacity,|Transmission line
MW length, km ~
Transmission Wire section, '§ é % ~ z en
line voltage, nm? g :,: E 001 g fg
kV _ = = o 3.8
g S | Ex | § Z£E
g g E5 | S 28
Z < 'z =35 | <2237
110 70—240 30 13—45 |80 25
220 240—400 135 90—150 400 100
330 2 -240—2 - 400 360 270—450 {700 130
400 3-300—2 - 400 500 620—820 {1000 180
750 1500—
5-300—5 - 400 2100 2000 2200 300

The EU and the Baltic States declared the integration of electricity mar-
ket of the Baltic States into Europe to be a priority in the field of energy. The
final stage of the integration is the secession of the Baltic States from the
IPS/UPS + Baltic States systems and subsequent parallel operation with
UCTE. Figure 2 shows European transmission system operator associations,
table 4 offers the characteristics of three of them.

Table5
The characteristics of three European transmission system operator associa-
tions [1]
Energy Union NORDEL |UCTE IPS/UPS + Baltic States
Member states 4 23 14
Regional population, million peo-
ple 25 450 280
Installed capacity, GW 90 600 315
Annual consumption, GW - h/a 401,5 2323 1237
Maximum consumption, GW 65 384 197
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Fig. 2. Transmission system operator associations

It is important to mention that, until recently, such secession was impos-
sible, since the power systems of the Baltic States did not have electrical
links with UCTE, while the power systems of Russia and Belarus had 11
links with the Baltic States at a 330 and 750 kV voltage (see fig. 1).

All further steps of the Baltic States speak of the implementation of for-
mulated plans. As Figure 1 shows, the power systems of the Baltic States are
linked by an electric network, which enables power transmission. In the end
of 2006, Estonia and Finland set in operation a 350 MW DC line (fig. 3,
DCL 8).

In April 2009, it was decided to construct an up to 1000 MW power
bridge on the basis of a DC line between the power systems of Sweden and
Lithuania (fig. 3, DCL 4). The termination of the project is scheduled for
2016. The Baltic States, owing to the closure of the Ignalina NPP (fig. 3,
INPP) on December 31, 2009, attach not only commercial but also strategic
importance to the implementation of this project. An agreement on the inte-
gration of Lithuanian and Polish power systems was signed in Vilnius in
2006. The 'power bridge' is designed as a 400 kV transmission line running
from the Kruonis pumped storage plant (Alytus) through the border with
Poland to the Polish city of Etk (fig. 3).
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Fig. 3. Main networks of the Kaliningrad region, the Baltic States, and Poland

The completion of the power bridge' construction is planned for 2011.
On June 17, 2009, the Baltic States signed in Brussels a policy statement on
the integration of power market as to the power systems of Lithuania, Latvia,
and Estonia [6]. The European commission offered Russia to connect the
Kaliningrad region to UCTE after the accession of the Baltic States ("The
EU and Kaliningrad" communication from the Commission to the Council,
2001). Today, the backbone network of the Kaliningrad power system is
based on a 110 kV voltage. The scheduled construction of the 330 kV sec-
ond level of the main network is of great importance, since it will signifi-
cantly increase the capacity of the region's power system (table 3). Regard-
ing the connection of the power system of the Baltic States and the Kalin-
ingrad region to UCTE, it seems sensible to supplement the Kruonis
(Lithuania) — Etk (Poland) connection with a 400 kV double-circuit line
linking the 330 kV substation in Kaliningrad and the substation in the vi-
cinity of Elblag (Poland) (fig. 3). The Kaliningrad-Elbalg connection will
allow the Baltic region to solve a number of crucial problems: 1) the in-
crease in stability and reliability; 2) 1640 MW capacity transmission in
both directions along the Baltic Sea coast; 3) the reception of power from
offshore wind power plants, which are to be constructed in the Baltic Sea
[4; 6]. Thus, the integration of the power systems of the Baltic States in the
synchronous operation of UCTE and secession from IPS/UPS seems feasi-
ble in 2011-2016. In view of the provision of backup power and the re-
quirements of stability and reliability, the operation of the Kaliningrad
power system is possible only in the framework of a large power system,
such as IPS/UPS + Baltic States, the Kaliningrad system is included in to-
day, or UCTE (fig. 3).

The expected power demand in the Kaliningrad region for the for the pe-
riod until 2015, according to the experts of OAO System Operator of the
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United Energy System and the administration of the Kaliningrad region is
shown in figure 4 [9].
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Fig. 4. Expected electricity demand in the Kaliningrad region for the period until
2015

Taking into account the circumstances mentioned above as well as the
expected increase in electricity demand, the regional authorities consider the
provision of energy security in the Kaliningrad region while developing lo-
cal generation capacities. In June 2009, the following scenario of generation
capacity development was adopted at the meeting on the development of
energy in the Kaliningrad region chaired by the minister of energy of the
Russian Federation, S.I. Shmatko:

1) The start up of the second 450 MW power unit at the Kaliningrad
CHPP-2 in 2010;

2) The start up of the first 1150 MW power unit of the Yantar NPP in
2016;

3) The start up of the second 1150 MW power unit of the Yantar NPP in
2018.

The development plan also includes the construction of several CHPPs
fuelled by coal and local peat of a total capacity of 800 MW in the cities and
towns possessing a developed heat supply system.

In our opinion, the Kaliningrad region does need large energy facilities —
the Kaliningrad CHPP-2 and the Yantar NPP. As to the construction of coal
and peat-burning CHPPs, most attention should be drawn to the building of
generation facilities on the basis of renewable energy sources: wind power,
biomass, water resources, etc. [2; 5].

As the construction of the first NPP unit is completed in 2016, the Kalin-
ingrad power system will exceed local demand creating conditions for the
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export of a significant part of generated power. Having entered the European
electricity market, the Kaliningrad CHPP-2 and Yantar NPP will be able to
sell generated power to consumers beyond the Kaliningrad region only
through intermediaries, i.e. Lithuanian and Polish distribution companies,
which cannot be always favourable for the region. The technical aspects of
the backbone networks of the Baltic states, their capacities as to the trans-
mission of electricity from the Kaliningrad region to European consumers,
the prospect of the development of networks and generation facilities, the
condition of the operation of the Kaliningrad regional power system within
UTCE have not been studied in detail yet. Future situation can be aggravated
by the completion of the construction of an up to 3400 MW NPP (Ignalina-
2) scheduled by the Baltic States and Poland for 2018. It can result in zero
demand for the surplus power generated in the Kaliningrad region.

One of the solutions to these problems is the construction, alongside the
"Nord stream" gas pipeline, of an electric bridge on the basis of a DC line
between mainland Russian, the Kaliningrad region and Germany on the floor
of the Baltic Sea (fig. 3, DCL 6). The bridge is a direct current line consist-
ing of three converter substation and power cables running across the floor
of the Baltic Sea. Such bridge will ensure the direct transmission of the
power generated in the Kaliningrad region to Germany and mainland Russia
bypassing intermediaries, i.e. Poland, Lithuania, and Belarus, regardless
whether the Kaliningrad region remains in IPS/UPS or accedes to UCTE. It
will significantly increase the level of energy security, reliability and finan-
cial independence of the Kaliningrad power system. The cost estimation and
location of the connection to German electricity networks was conducted
under the supervision of a Professor of the Technical University of Stralsund
(Germany), Edgar Harzfeld. According to interim calculation, given a capac-
ity of 2000 MW, the cost of the bridge will amount to 3 billion Euros [§8]. To
date, six successfully operating DC bridges have been constructed on the
floor of the Baltic Sea (see fig. 3). The DC connection of the Yantar NPP
does not exclude a 330 kV connection, which is a priority for the Kruonis
pumped storage plant (fig. 3, Alytus) and other power plants during the con-
struction of the second level of the main 330 kV network in the Kaliningrad
region.
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