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Vystavba pfenosové soustavy

Elektrina jako
univerzalni energie

Béhem poslednich sta let, kdy lidstvo vyuZziva v Sirokém
méritku elektrické stroje a zafizeni, se stala elektfina
nezastupitelnou, univerzalni energii. Napomohla
nebyvalému rozmachu hospodafstvi - primyslu, dopravy

i sluzeb — a také rlstu zivotni Urovné obyvatel.

V souéasné dobé se nejen v Ceské republice, ale i ve
viech vyspélych zemich rozhoduje o budoucich
zdrojich elektrické energie. Ta je pro lidstvo zatim stéle
nejvyhodnéjsi, protoze se da nejlépe preménovat

na dalsi typy energie.

Building the transmission system

Electricity - versatile
energy

During the last hundred years when electrical machines and
equipment have been widely used, electricity has become both
an irreplaceable and versatile form of energy. It has facilitated
unprecedented economic expansion in the industrial,
transportation and services sectors, as well as a significant rise

in the overall standard of living.

Decisive discussions on future electricity sources are
currently underway not only in the Czech Republic but in
all developed countries. Electricity is the most
advantageous form of energy for humanity as it can be

converted into other types of energy easily and

efficiently.




Ceska energeticka
politika

Aby mohla nase vyspéla spole¢nost dale fungovat
a rozvijet se, musi nejen co nejlépe vyuzivat vsech
vlastnich energetickych zdroju k vyrobé elektfiny,

ale také budovat silnéjsi a spolehlivéjsi propojeni

dalkovymi vedenimi.

V poslednich letech se pro statni energetickou politiku i pro
podniky elektroenergetického a elektrotechnického primyslu
stalo prioritou zajisténi bezpec¢nosti dodavek elektriny.

Pod timto pojmem se rozumi spolehlivost, nepretrzitost

a garance vysoké kvality doddvané elektfiny, vyjadiené jak

poctem vypadkd, tak stabilitou napéti a frekvence.

Pfenos elektrické energie zajistuje v Ceské republice akciova
spoleénost CEPS na zékladé vyhradni licence ¢ 130100001

udélené Energetickym regula¢nim Gradem.
Jako provozovatel prenosové soustavy:

2  poskytuje viem jejim uzivateldm prenosové a systémové
sluzby za nediskrimina¢nich podminek
a za konkurenceschopné ceny,

o dispecersky fidi zafizeni pfenosové soustavy a systémové
zdroje na tuzemi CR,

2 podle pravidel ENTSO-E zajistuje propojenti

s elektriza¢nimi soustavami sousednich zemi.
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Czech energy
policy

In order to further develop, the Czech Republic must
not only strive to use the domestic energy resources
necessary for electricity generation in the most efficient
way possible but also construct more reliable high

transmission capacity long-distance power lines.

Safeguarding the security of electricity supply has been

a priority both in terms of national energy policy and for
companies in the power sector and electrical industry for

a number of years. Security of supply entails the transmission
of reliable, continuous and high-quality electricity at stable
voltage and frequency levels and the minimum number of

interruptions.

CEPS, a joint stock company, is responsible for electricity
transmission within the Czech Republic under exclusive
licence No. 130100001 granted by the Energy Regulatory
Office.

CEPS, as the sole Czech Transmission System Operator,

is specifically responsible for:

S the provision of transmission and system services under

non-discriminatory conditions and at competitive prices;

< the operation of transmission system facilities and the
dispatch of system generating sources within the Czech

Republic; and
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< interconnection with the transmission systems of
neighbouring countries in compliance with ENTSO-E

rules.
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Vystavba pfenosové soustavy

Schéma siti 400 a 220 kV

400kV and 220kV transmission network

vedeni 400 kV / Line 400kV
vedeni 220 kV / Line 220kV
elektrarna / Power plant
rozvodna / Substation

TUSIMICE

Rohrsdorf
PRUNEROV

PPC Viesova POGERA

Dobrzen

Wielopole

Krasikov

Kopanina

Bujakow

Bisamberg

Biirnrohr Kizovany
Dopravni tepny Transmission arteries
Elektroenergetickd pfenosova soustava 400 a 220 kV, The Czech 400kV and 220kV electricity transmission
casto nazyvana ,paterni”, slouzi k rozvedeni vykonu network, often termed the “backbone network”, is
z velkych systémovych elektraren do celého tizemi required for the distribution of the output of large Czech
Ceské republiky a zérovei je souéasti mezinarodniho power plants throughout the whole of the Czech
propojeni Evropy. Napdji elektfinou distribucni soustavy, Republic and, at the same time, forms an important part
které ji dale rozvadéji az ke konec¢nym spotrebiteltim. of the international European network. The transmission
Pieshrani¢nimi vedenimi je pfenosova soustava CR napojena network supplies electricity to distribution networks from
na soustavy vsech sousednich st4td, a tim synchronné which electricity is then supplied to end consumers. The Czech
spolupracuje s celou elektroenergetickou soustavou transmission network is interconnected, via cross-border lines,
kontinentdlni Evropy. with the transmission networks of neighbouring countries thus

enabling its synchronous operation with the interconnected

power systems of the rest of Continental Europe.

Building the transmission system 131




Pienosova soustava Ceské republiky (k 31. 12. 2011)

Transmission system of the Czech Republic (situation as of 31. 12. 2011)

Typ vedeni CEPS Délka tras vedeni (km)

Vedeni 400 kV 3508
z toho dvojité a vicendsobné vedeni 1145
Vedeni 220 kV 1909
z toho dvojité a vicenasobné vedeni 1039
Vedeni 110 kV 84
z toho dvojité a vicendsobné vedeni 77

Na zajisténi spolehlivého pfenosu zavisi nepfetrzité a plynulé
zasobovani viech spotrebiteld. Nezbytnou funkci
provozovatele prenosové soustavy je proto také dispecerské
fizeni elektriza¢nf soustavy, coZ je v podstaté zajisténi
nezbytné rovnovahy mezi vyrobou a spotiebou
elektfiny na licencovaném uzemi CR, a to v kazdém

okamziku.

Cerpani podpurnych sluzeb dne 8. 11. 2011

CEPS lines by voltage Line route length (km)

400kV line 3,508
of which double and multiple line 1,145
220kV line 1,909
of which double and multiple line 1,039
110kV line 84
of which double and multiple line 77

Reliable transmission is essential for the continuous and
secure supply of electricity to all consumers. The dispatch of
generation within the national power system, i.e. balancing
the supply of electricity with demand within the
licensed area on a minute-by-minute basis, is one of the
most important responsibilities of the Transmission System

Operator.

The ancillary services utilization in case of the extra-large generation outage on 8. 11. 2011

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

hodina

dispecerska zaloha — nakup cold reserve - purchase

terciarni zaloha — nakup tertiary reserve — purchase
sekundarni zaloha — nakup secondary reserve — purchase
mmm  sekundarni zaloha — vyuziti secondary reserve — utilization
E tercidrni zéloha - vyuzitf tertiary reserve — utilization
= Vitava - vyuziti HPS of Vltava river — utilization
Emm  dispecerska zaloha — vyuziti cold reserve - utilization

s EREG - vyuziti

QS15 — wyuziti

—_—

QS10 - vyuziti

emergency reserve
quick start 15 reserve — utilization
quick start 10 reserve — utilization

~

4/

Dne 8. 11. 2011 byla zaznamenana
kumulovana poruchovost blokl tepelnych
elektraren v maximalni vysi 1800 MW
netto vykonu. Graf znazorfiuje hodinové
praimeéry ¢erpani podplrnych sluzeb.

There were accrued outages of about
1,800MW (net) recorded on 8. 11. 2011.
There is an ancillary services utilization
(hourly averages) and their time
relationship shown in the chart above.
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Vystavba pfenosové soustavy

Stoupa zavislost, ne
spolehlivost

Od 2. poloviny 90. let minulého stoleti dochazi

k podstatnym zménam ve fungovani pfenosovych siti.
Vyrazné vzrostlo mnozstvi prendsené elektfiny, jednak
vlivem rastu spotieby, jednak vlivem narUstajiciho
mezindrodniho obchodu s elektrickou energif,

podporovaného snahou o liberalizaci evropského trhu.

Meéni se charakter vyrobnich zdroji zapojenych do
soustavy. Nové zdroje jsou budovany v mistech vyskytu
primarni energie (vétru, vody), pfipadné v lokalitach
nejvhodnéjsich z hlediska bezpecnosti (jaderné elektrarny).
Pri vybéru lokalit pro nové zdroje ustupuje do pozadi
kritérium optimélniho geografického umisténi elektréren
vzhledem k mistim spotreby a k prfenosové kapacité paterni

sité.

Nastupem obnovitelnych zdrojd energie doslo ke zméné
energetického mixu. Jejich integrace zvysuje naroky na
vyvedeni a pfenos vykonu jednak z téchto elektraren, jednak
také ze zéloznich zdrojl, pokud vétrné a fotovoltaické
elektrarny vykon pravé nedoddvaji. Tim se méni
konfigurace elektrizacni soustavy, zvysuji se naroky na
schopnost prenosové sité dopravovat vyrobenou elektfinu ke
spotfebitellim a rostou také naroky na dispecerské fizeni

soustavy.

Building the transmission system

Dependency rather than
reliability is on the
increase

Substantial changes in the transmission network have oc-
curred since the mid-1990s. The amount of electricity
transferred has significantly risen due both to an in-
crease in consumption and the development of cross-border
electricity trading in the context of European market liberali-

sation.

The design of generating sources connected to the
network has changed. New sources have been built at pri-
mary energy (wind, water and coal) resource locations or lo-
cations most suitable in terms of safety (nuclear power
plants). The criterion of the optimum geographical location
of power plants in areas of electricity consumption and con-
siderations regarding the transmission capacity of the back-
bone network have become less important when choosing

sites for new plants.

The advent of renewable energy sources has changed the
energy source mixture. Integration of RES imposes higher re-
quirements on the output of these plants to the grid and
subsequent onward transferral as well as on the output of
reserve sources in periods when wind and photovoltaic
plants are unable to supply power to the grid. Power sys-
tem design is constantly changing and requirements
concerning the capability of the transmission network to
carry electricity to consumers increase year by year together
with requirements pertaining to the dispatch control of the

power system.
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Rozsahlé poruchy v Evropé

Uzemi (stat) Datum Rozsah vypadku
Londyn srpen 2003 500 tisic osob
Dénsko a jizni Svédsko zafi 2003 5 miliond osob

[talie zari 2003 56 miliont osob
Svédsko leden 2005 341 tisic domacnosti
Moskva kvéten 2005 10 miliond osob

Neémecko, Francie, Itélie, Belgie, Spanélsko, Portugalsko, Rakousko, Chorvatsko

listopad 2006

15 miliont domaéacnosti

Major outages in Europe

Area (country) Date Outage extent
London August 2003 500,000 persons
Denmark and southern Sweden September 2003 5 million persons
[taly September 2003 56 million persons
Sweden January 2005 341,000 households
Moscow May 2005 10 million persons

Germany, France, ltaly, Belgium, Spain, Portugal, Austria and Croatia

November 2006

15 million households

V neposledni fadé se méni také charakter spotreby elektrické
energie. RUst Zivotni Urovné, restrukturalizace prmyslu,
rozvoj mezinarodniho obchodu s elektfinou i klimatické
zmény stiraji sezénni rozdily v poptavce. To ztéZuje
planovani odstavek vyrobnich zdrojd i pfenosovych tras kvali
udrzbé, opravam a rekonstrukcim. Klimatické zmény mohou
byt jednou z pficin poruch na vedenich a krizovych situaci

v zasobovani elektfinou. Ve vyjimecnych pfipadech mize mit
kumulace takovych faktord za nasledek i vétsi vypadek,

tzv. black-out.

Spole¢nost CEPS v rdmci své vymezené odpovédnosti za
prenos elektfiny a zajisténi rovnovahy mezi vyrobou

a spotrebou v kazdém okamziku a v souladu s narodnimi

i evropskymi zavazky v oblasti integrace OZE podporuje
nastaveni takovych legislativnich a trznich podminek, které
zajistl bezpecny a spolehlivy provoz ES pfi minimalizaci

nakladd pro kone¢ného zdkaznika.

16/

Further, the nature of electricity consumption has changed.
Seasonal differences in demand are becoming less
marked due to improvements in the standard of living, the
restructuring of industry, the development of international
electricity trading and climate change which is undoubtedly
contributing towards the increase in the occurrence of
power line outages and electricity supply emergency situa-
tions. These changes have made outage planning (concern-
ing the outages of power plants and transmission lines for
maintenance, repair and reconstruction) difficult. In excep-
tional circumstances, when a number of the above factors

combine, blackouts may occur.

CEPS, which is responsible for electricity transmission and
the balance between electricity supply and demand on

a minute-by-minute basis whilst fulfilling its commitments
following from both national and European legislation in
terms of RES integration, promotes the creation of adequate
legislative and market conditions enabling to ensure the safe
and reliable power system operation with minimum cost for

end users.
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Vystavba pfenosové soustavy

Bezpecnost zdsobovani elektfinou se fesi na vsech urovnich,
v¢etné nadnarodnich profesnich sdruzeni elektrotechnického
a elektroenergetického prlimyslu, i ve vrcholné mezinarodni

politice.

Provozovatelé pfenosovych soustav v Evropé

se zvySovanim spolehlivosti pfenosu zabyvaji
soustavné uz nékolik let v uzké spolupraci

s regulacnimi orgdny clenskych zemi a s Evropskou

komisi. Zaméfuji se pfitom na ctyfi zakladni strategie:

Rozvoj vnitiniho trhu Evropské unie
Posileni kapacit preshranicnich propojeni
Zvyseni urovné spolehlivosti pfenosové soustavy

Zajisténi dosazeni cile EU "20-20-20" (20% snizeni

0O 0 00

produkce sklenikovych plynt, 20% zvyseni vyroby
z obnovitelnych zdroji energie a 20% zvyseni

efektivity vyuziti elektrické energie).

Building the transmission system

Security of supply is regularly discussed at all levels, including trans-
national professional associations in the power sector and elec-

tricity industry, and prominent international political institutions.

Transmission system operators in European countries
have been concerned with the enhancement of trans-
mission reliability for several years and cooperate
closely with the relevant regulatory authorities of EU
member countries and the European Commission. The

focus has been on the following four basic strategies:

< Development of the EU internal market;
2 Enhancement of the transmission capacity on

interconnectors;

(U

Improvement of transmission system reliability;
2 Achievement of the EU “20:20:20" target (20%
reduction in greenhouse emissions, 20% increase in

electricity generation from renewable resources and

20% improvement in electricity consumption efficiency).
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Investiéni plan CEPS

Tyto zékladni strategie koordinované naplfiuje také
provozovatel elektroenergetické prenosové soustavy CR.
Za prioritu viak povazuje investice do zafizeni prfenosové
soustavy. Bez zvyseni kapacity sité, bez extenzivniho
odstrafiovani uzkych mist v soustavé a bez
modernizace zafizeni pfenosové soustavy nelze
zvysSovat uroven spolehlivosti ani rozvijet vnitfni
trh EU.

Investi¢ni plan CEPS zahrnuje posileni vedeni ve sméru sever-
jih, na trase z Polska do Rakouska. Dale sleduje posilenf
pfenosovych vedeni z oblasti severoceskych hnédouhelnych
elektraren vychodnim smérem. To ale zaroveri znamena

i smér z Némecka do Polska, Slovenské republiky a ddle na
vychod a jihovychod Evropy, protoZe pfenosova soustava

ma vzdy mezinarodni i celoevropsky presah.

V roce 2011 investovala spole¢nost CEPS do obnovy

a rozvoje prenosové soustavy vice nez 4,5 miliardy korun.
Dlouhodoby plan pocita se stejnou vysi investic kazdy rok,
pricemz do roku 2023 se plédnuje proinvestovat vice nez

60 miliard korun. Soucasti téchto investic je vystavba novych
vedeni, posileni kapacity nékterych vedeni stavajicich

a dokonceni prechodu stanic prenosové soustavy na dalkové
ovladani. Soubézné se také buduje ochranny systém
fyzického zabezpeceni objektl elektrickych stanic, véetné

nezbytné modernizace dispecerskych pracovist.

Investi¢ni plan CEPS pfedznamenavé zasadni zmény
v prenosovych parametrech celé sité. Zvysi se jeji
pfenosova kapacita, jez by méla byt dostatec¢na i pro
pfipojovani novych (obnovitelnych) zdrojd do budoucna.
Otevre se prostor pro hlubsi mezinarodni spolupraci.

V konecném dUsledku se zvysi bezpec¢nost zésobovani

spotrebitell elektrickou energif.

181

CEPS investment plan

CEPS, the Czech Transmission System Operator, adheres to
the above basic strategies, however, investment in
transmission system equipment remains the overriding

priority. The enhancement of network transmission
capacity, congestion management and the upgrading
of transmission system equipment are preconditions
for the improvement of the reliability of supply and the

development of the EU internal market.

CEPS investment plan comprises the reinforcement of power
lines in the north-south direction, i.e. approximately following
the Poland to Austria route. The upgrading of transmission
lines extending from the northern Bohemia region, where

a number of brown coal power stations are located,
eastward are also envisaged in the Company’s investment
plan. Importantly, the latter direction corresponds with the
route from Germany to Poland and Slovakia and onward to
eastern and south-eastern Europe hence the transmission

system is of international and all-European significance.

CEPS invested during 2011 more than CZK 4.5 billion in the
further development and upgrade of the Czech transmission
system. The same amount of investments per year are
planned for the upcoming period totalling CZK 60 billion by
2023. These investments will cover the construction of new
power lines, the enhancement of the transmission capacity of
certain existing lines and on completing the conversion of its
substations to remote control operation. A sophisticated
security system aimed at ensuring the protection of Company
transformer station buildings and structures has been

installed and control centres modernised.

The CEPS investment plan will bring about fundamental
changes in the transmission parameters throughout the
whole of the network. Transmission capacity will be
enhanced to cope with the connection of new (renewable)
generating sources in the future. As a result, international
cooperation will be strengthened and the security and reliability

of electricity supply to end customers substantially improved.

-
Ll
o
<
pa
©)
T

=
l_
Y
L
=
=2
O
()
(@)
Ll
-l
@)
=2
)
(a'a]
=
)
-l
-l
=

VYSSI

VEDEME ELEKTRINU NEJ




Vystavba pfenosové soustavy

Seznam novych a posilovanych vedeni a novych rozvoden do roku 2024

(zvyseni pfenosové schopnosti PS CR)

Nazev stavby Délka Zacatek Ukon¢éeni Naklady
[km] vystavby vystavby [mil. K&]

V480/V479 Vyskov — Chotéjovice 30,1 2010 2012 622,6
V458 Krasfkov — Hor. Zivotice 79,3 2012 2014 1206,6
V450/V428 Vyskov — Babylon* 72,5 2017 2018 1320,0
V487/V488 Vernéfov — Vitkov 75,0 2018 2019 2100,0
V451/V448 Babylon — Bezdécin* 54,0 2015 2016 1360,0
V410/V419 Vyskov — Cechy Stied* 98,3 2013 2015 2200,0
Rozvodna Kletné - 2010 2012 830,0
Rozvodna Chotéjovice - 2010 2011 930,0
Rozvodna Vitkov - 2018 2019 930,0
Rozvodna Vernérov - 2015 2017 830,0
V406/V407 Kocin - Mirovka 120 2018 2020 3300,0
Zasmyckovani vedeni V413 do rozvodny Mirovka 25 2019 2020 850,0
Rozvodna Kocin - 2014 2020 3300,0
Rozvodna Mirovka - 2018 2021 930,0
Rozvodna Détmarovice - 2016 2020 850,0
Rozvodna Liskovec - 2023 2024 cca 520,0
* Zdvojent stévajicino vedeni
New and upgraded power lines and new substations by the year 2024
(enhancement of the transfer capacity of the Czech transmission system)
Name of power line / substation Length Construction Construction Costs

[km] commencement completion [CZK million]
V480/V479 Vyskov — Chotéjovice 30.1 2010 2012 622.6
V458 Krasikov — Hor. Zivotice 79.3 2012 2014 1206.6
V450/V428 Vyskov — Babylon™* 72.5 2017 2018 1320.0
V487/NV488 Vernéfov — Vitkov 75.0 2018 2019 2100.0
V451/V448 Babylon — Bezdécin* 54.0 2015 2016 1360.0
V410/V419 Vyskov — Cechy Stied* 98.3 2013 2015 2200.0
Substation Kletné - 2010 2012 830.0
Substation Chotéjovice - 2010 2011 930.0
Substation Vitkov - 2018 2019 930.0
Substation Vernérov - 2015 2017 830.0
V406/V407 Kocin - Mirovka 120 2018 2020 3300.0
Looping (Double-over part) of the line V413
to the substation Mirovka 25 2019 2020 850.0
Substation Kocin - 2014 2020 3300.0
Substation Mirovka - 2018 2021 930.0
Substation Détmarovice - 2016 2020 850.0
Substation Liskovec - 2023 2024 520.0
* Addition of a second circuit to the existing line

191

Building the transmission system




Vystavba nového
vedeni

Vystavba nového vedeni se fidi vsemi zakony platnymi

pro pfipravu a realizaci projektd liniovych staveb. Vztahuji
se na né veskera pravidla izemniho a stavebniho
fizeni, véetné posouzeni vlivu stavby na Zivotni
prostredi (EIA). To plati i v téch pfipadech, kdy se nové

vedeni stavi v trase vedenf stavajiciho.

Pfi projektovani nového vedeni se vzdy hleda
konsenzus mezi ochranou pfirody a krajiny
a nejschidnéjsim, respektive z technicko-

ekonomického hlediska nejvyhodnéjsim resenim.

Podél vedeni se ze zakona zfizuji ochrannd pasma. Jedna se

o bezpecnostni koridory, jejichz sitka ¢ini 15 metrd (220 kV)

a 20 metrt (400 kV) od krajniho vodice (podle starsich norem

jsou tyto vzdalenosti 20, resp. 25 metrd). Zakon stanovuije,

Ze uvnitf téchto koridord se nesmf vyskytovat porost vy3si nez

3 metry nad zemi. Pozadavek na ochranna pasma je
dulezity, protoze vodice vykazuji urcity prihyb, ktery je
proménlivy v zavislosti na teploté vodice. Tato teplota je
ovlivnéna mj. klimatickymi podminkami (teplota vzduchu,
vlhkost, apod.) a zatizenim samotného vodice (pfi vy3sim
zatizeni se zvysi teplota vodice a zvysi se prahyb). Kromé
toho je zdvaznymi normami uréena rovnéz minimaln{
vzdalenost objektd od Zivych ¢asti vedeni (vodice pod
napétim), kterd ¢ini 4 m u vedeni 220 kV a 5 m u vedeni
400 kV. Podobné jako v pfedchozim piipadé maji i tyto
vzdalenosti vyloucit nebezpeci dotyku Zivych casti
vedeni s dfevinami, jenz by mohl zpusobit zkrat

a nasledné pozar.

110/

Construction of new
power lines

The construction of new lines is governed by legal
regulations concerned with the preparation and execution of
line construction projects. All the relevant rules covering
construction by the Company, including environmental
impact assessments (EIA), are meticulously followed.

This also applies to new lines built alongside existing lines.

A balance between conserving the natural
environment and landscape and the most feasible or
technically and economically most advantageous

solution for the Company and its customers is always

sought when preparing a new power line project.

Protection zones are designated alongside the route of
overhead power lines as required by law. Such zones consist
of protective corridors 15 metres wide for 220kV lines or 20
metres wide for 400kV lines as measured from the outer
conductor (a distance of 20 metres or 25 metres,
respectively, was required by previous legislation). The
regulations require that trees or vegetation within such
corridors should be no higher than 3 metres above ground
level. Meeting the requirements concerning protection
zones is vital because of potential conductor sag; the
extent of such sagging varies according to temperature which
in turn depends on weather conditions (air temperature,
humidity, etc.) and conductor loading (with an increase in
load, conductor temperature rises and sagging increases).
Standards covering the minimum distance between objects
and live line elements (energised conductors) are set at

4 metres for 220kV lines and 5 metres for 400kV lines. This

VYSSI

distance is required in order to avoid the risk of direct
contact between live conductors and trees or

vegetation which might cause short-circuiting and,

VEDEME ELEKTRINU NEJ

subsequently, fire.
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Vystavba pfenosové soustavy

Patefni elektroenergetickd soustava CEPS vede velmi vysoké
napéti 220 kV a zvlasté vysoké napéti 400 kV. To znamena,
7e se v celorepublikové elektrizacni sestavé odliSuje

parametry svych stozard, které jsou vy3si a mohutnéjsi.

Nadzemni ¢ast zakladu stozaru tvori napfiklad Ctyfi
betonové vélce o prdméru zhruba 50 cm a vysce cca 50 cm.
Do kazdého z vélcl je ukotvena jedna zdkladova noha
stozaru. Celkova plocha pudy, kterou zaklady stozarC
pramérné zaberou vcetné ochranného pasma o sitce 1 m je
cca 60 m2. Stozary jsou konstruovany tak, aby odolaly
extrémnim povétrnostnim vlivim. Museji odolavat
namrazam a vétru o sile vichfice, tedy o rychlosti

minimalné 120 km/h.

Stozary se kompletuji z dilct pfimo na jejich stanovisti

a vztycuji se metodou postupného vysouvani, tzv. Stokovani,
nebo se pouzivda metoda klopeni, kdy se pomoci jefabu
vztyCuje cely pfedem smontovany stozar. Na obtizné
pfistupnych mistech se pouziva pro montaz stozaru i letecka
technika (vrtulniky). Na konstrukci stoZar( se vyzdvihnou
izolatory pomoci jednoduchych, ale dtmyslnych

a bezpecnych kladkostroju.

Vlastni vodice (fazové vodice, zemnici lana) se ke stozardm
na misto montaze dopravuji navinuté na bubnech
(prmérna hmotnost bubnu s lanem je 3 tuny). Vodice se na

izoldtory montuji pomoci specidlnich navijecich souprav.

Doba vystavby daného Useku vedeni, od vyhloubeni zékladd
stozarl do rekultivace terénu po ukonceni stavby,
nepresahuje zpravidla 3 mésice — v zavislosti na ndro¢nosti
trasy vedeni v konkrétnim tzemnim celku. Kromé vlastni
stavby stoZaru nejsou k vystavbé zpravidla zapotiebi
tézké stavebni stroje ani jiné mechanismy, které by
vyzadovaly zfizeni specidlnich technologickych komunikaci
(pFistupovych silnic). Ve stavebnf lokalité trasy vedeni nejsou
zfizovany stavebni dvory ani docasné sklady materialu.
Harmonogram vystavby je vzdy planovan tak, aby zemni
prace nenarusovaly pfirozeny vegetacni cyklus, respektive
aby co nejméné narusovaly bézny rytmus pfi vyuzivani

zemédélské pudy.

Building the transmission system

The CEPS backbone network carries high voltage electricity of
220kV and extra high voltage of 400kV. Accordingly,
transmission towers are higher and stronger than other

towers within the national power system.

The above-ground tower foundation segment consists of for
example four concrete cylinders approximately 50cm in both
diameter and height. Each tower leg is anchored to one of
the cylinders. The average area covered by the tower’s
foundations is approximately 60m?, including the mandatory
1m wide protection zone. The towers are designed to
withstand extreme weather conditions, such as ice
coating or violent storms, i.e. wind of a speed

exceeding 120km/hour.

Towers or their individual segments are assembled on-site
and then erected using either the gradual extension method,
i.e. stage-by-stage assembly, or the tilting method, when

a completely pre-assembled tower is erected by crane. In
inaccessible areas, helicopters are used to erect towers.
Insulators are installed on towers using simple but ingenious

and highly reliable hoists.

Conductors (phase and ground wires) are transported to the
site on reels (drums); the average weight of a reel with the
wire is 3 tonnes. Conductors are strung on the towers using

special stringing machines (pullers and tensioners).

The time of construction of a certain line section, from
excavation of tower foundation holes to site reclamation
after construction completion, is typically no more than 3
months depending on conditions in the route section within
which the power line is built and the particular region.
Beside the tower construction self, no heavy building
machinery or other equipment for which special access
roads have to be constructed is required. No plant depots or
temporary stores for materials need be built on or near the
line construction site; the construction schedule is designed
to fully take into account the natural growing cycle and local

farmland use.
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Vystavba nového vedeni
Construction of a new overhead power line

Zakladovy dil stozéru se ukotvi, zalije betonem a po dostavbé stozaru probéhnou dokoncovaci prace na terénnich Upravach.

A tower foundation segment is guyed and then encased in concrete. The finishing work and subsequent ground shaping will begin after
completion of the construction of the tower.
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Konstrukce pokracuje bud montédzi nalezato, nebo tzv. stokovanim, postupnym montovénim dal3ich ¢asti. Ke stokovani se ¢asto pouziva tzv.
Stokovaci jehla, coz je zafizeni vztycené uvniti zékladu stozéru. Za jeho pomoci se zvedaji dalsi dily konstrukce.

Construction work continues: The tower is either assembled in a horizontal position and then erected, or assembled by the gradual extension

method (stage-by-stage assembly of individual segments). A gin pole (steel pole fixed inside the tower base) is used for stage-by-stage
assembly; all the other segments are then erected using the gin pole.
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Vystavba pfenosové soustavy

Vystavba nového vedeni
Construction of a new overhead power line

Po dostavbé stozaru a zavéseni izolatort prichdzi na fadu upévnéni vodicl. Po celém novém vedeni se natahnou vodic¢e pomoci kladek na
stozarech a zatahovacich souprav s bubny, které vodice z jedné strany vedeni natahnou.

Once tower assembling and erecting is complete and insulators suspended, conductors can be strung. Pulleys attached to the towers and
stringing machines are used to string the conductors along each side of the line.

Na zavér se stozary opatfi ochrannym nétérem proti korozi.

Finally, protective paint is applied to protect the towers against corrosion.

Building the transmission system 113/




Zakladni typy stozarovych konstrukci vedeni CEPS 110 kV
Major types of tower structure for CEPS 110kV power lines

Podchodovy stozar - kotevni
Low profile tower - Anchor tower
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Soudek - nosny Soudek - kotevn{
Barrel tower - Suspension tower Barrel tower - Anchor tower
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Vystavba pfenosové soustavy

Zakladni typy stozarovych konstrukci vedeni CEPS 220 kV
Major types of tower structure for CEPS 220kV power lines
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Portal - kotevni

Portal - nosny
Portal tower - Anchor tower

Portal tower - Suspension tower

Portal dvojnasobny - kotevni
Double Portal tower - Anchor tower

Portal dvojnasobny - nosny
Double Portal tower - Suspension tower
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Zakladni typy stozarovych konstrukci vedeni CEPS 220 kV
Major types of tower structure for CEPS 220kV power lines
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Vystavba pfenosové soustavy

Zakladni typy stozarovych konstrukci vedeni CEPS 400 kV
Major types of tower structure for CEPS 400kV power lines

Delta - nosnd Delta - kotevni
Delta tower - Suspension tower Delta tower - Anchor tower

Donau - nosny Donau - nosny Donau - kotevni
Donau tower - Suspension tower Donau tower - Suspension tower Donau tower - Anchor tower
Building the transmission system 1171




Zakladni typy stozarovych konstrukci vedeni CEPS 400 kV
Major types of tower structure for CEPS 400kV power lines

Donau - nosny Donau - kotevni
Donau tower - Suspension tower Donau tower - Anchor tower
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Kocka - nosna Kocka - kotevni
“Cat head” tower - Suspension tower “Cat head” tower - Anchor tower
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Vystavba pfenosové soustavy

Zakladni typy stozarovych konstrukci vedeni CEPS 400 kV
Major types of tower structure for CEPS 400kV power lines
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Macka - nosna

Macka - kotevni
“Macka” tower - Suspension tower

“Macka” tower - Anchor tower

Soudek - nosny (2x400 kV)
Barrel tower - Suspension tower (2x400kV)

Soudek - kotevni (2x400 kV)
Barrel tower - Anchor tower (2x400kV)

Building the transmission system
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Zakladni typy stozarovych konstrukci vedeni CEPS 400 kV

Major types of tower structure for CEPS 400kV power lines
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Vystavba pfenosové soustavy

Zakladni typy stozarovych konstrukci vedeni CEPS 400 kV
Major types of tower structure for CEPS 400kV power lines

Vertikalni uspofadani (Cenda) - nosny (400+220 kV) Vertikalni usporadani (Cenda) - kotevni (4004220 kV)
“Cenda” vertical array tower - Suspension tower (400+220kV)  “Cenda” vertical array tower - Anchor tower (400+220kV)

Soudek - nosny s vedenim o rlzné napétové hladiné (3x400+220 kV) Soudek - kotevni s vedenim o riizné napétové hladiné (3x400+220 kV)
Barrel tower - Suspension tower carrying power lines with different ~ Barrel tower - Anchor tower carrying power lines with different
voltage levels (3x400+220kV) voltage levels (3x400+220kV)
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Varianta podzemnich
kabelG

Vedeni zvlasté vysokého napéti (zvn) v kabelech
ulozenych pod zemskym povrchem je zatim i ve svété
ojedinélé. Vyjimecné se toto feSeni pouziva

v pfipadech, kdy stavba nadzemniho vedeni je
vyloucena z technickych ¢i prostorovych divodi -
typickymi priklady jsou propojovaci (okruzni) vedeni
zvn v husté méstské zastavbé. Pritom celkova délka
jednotlivych Usek( téchto kabelovych vedeni, vesmés
uloZenych ve specidlnich kolektorech, neprekracuje jednotky

kilometrd.

Pokud by mélo byt tohoto zplsobu vyuzito v CR, bylo by
vzhledem k pozadovanym prenosovym schopnostem patefni
sité 400 kV nutné pocitat s paralelnim uloZzenim kabeld.

V trase kazdého vedeni by tak bylo nutné umistit

6 jednofazovych kabell, pro dvojité vedeni celkem

12 kabeld, z bezpecnostnich a provoznich divodt vzajemné
oddélenych. To znamena udrzovat celkovou Sifi
kabelové trasy ,jednoduchého vedeni” zhruba 10 m

s ochrannym pasmem 3 metry od kazdého krajniho
kabelu. Zarover je Energetickym zdkonem zakazano zpétné
vysazovani trvalych porostl v trase a ochrannych pasmech

podzemniho vedeni.

Pro vystavbu i naslednou udrzbu je nutna trvala komunikace
(prostor pro pohyb stavebnich strojd) podél kazdého
kabelového vedeni v celé trase. S ohledem na stavebni feseni
vykopu (sklon stén) pro ulozeni kabeld a umisténi obsluznych
komunikaci je celkova sitka potfebného prostoru pro
dvojité kabelové vedeni 400 kV do 40 m. Dale je nutné
pocitat v celé trase s dalsim prostorem o Sifce cca 10 m na

kazdou stranu pro opakované ukladani zeminy z vykopd.
K mistu uloZeni by se kabely pfivazely navinuté na bubnu

o praméru 6 metrl a hmotnosti pres 20 tun vcetné kabelu.

Na pul kilometru trasy by bylo zapotiebi 12 takovych bubna.

1221

Underground
cable lines

Extra high voltage (EHV) power lines in the form of
underground cables are very rare not only in the Czech
Republic but worldwide. This solution is only employed
when the construction of an overhead line is
impractical due to technical reasons or the lack of space
- typically in densely populated urban areas where ring
EHV power lines are built. The total length of individual
sections of such cable power lines, installed in special tunnels,

is a few kilometres only.

If this solution were used in the Czech Republic, several cables
would be installed in parallel because of the required
transmission capacity of the 400kV backbone network. 6 one-
phase cables would have to be installed along the route
separated one from the other for security and operational
reasons. The total width of such a cable route for a single-
circuit line would be approximately 10 metres with

a protection zone of 3 metres wide as measured from
each of the outer cables. The area would have to be carefully
maintained; the planting of trees and shrubs along the route of
such underground cables and the adjacent protection zone is

prohibited under the Energy Act.

Permanent access roads (for building machinery) alongside the
full length of each cable line within the route would have to
be built for use during the construction of the line and its
future maintenance and repairs. Considering the cable trench
design (side wall slope) and service road installation, the total
width of the site for a 400kV double line would come to
40 metres. A further 10-metre wide stripe of land would be

required on each side for the disposal of excavated material.

Cables would have to be transported to the site coiled
around drums each with a diameter of 6 metres and
weighing more than 20 tonnes including the cable itself.

12 such drums would be required for each half kilometre of

O NAPETI

VYSSIH

VEDEME ELEKTRINU NEJ

=
|_
Y
L
=
=2
O
()
@)
Ll
-
(@)
=2
)
m
=2
)
-l
-l
=




Vystavba pfenosové soustavy

To by znamenalo vystavbu specidlni technologické

komunikace, kterd by navic kvali idrzbé, opravém, obnové
a zajisténi bezpecnosti kabell musela byt zachovana i po
dokonceni stavby. Ddle musi byt feSeny manipula¢ni

a skladové plochy.

Jednotlivé dily kabell (cca po 600 m trasy) se spojuji
kabelovymi spojkami, které musf byt pristupné kontrole

a méreni. Proto by se musely v téchto mistech budovat
betonové objekty, zapusténé z vétsi ¢asti pod zem,

o rozmérech pfiblizné 6 x 6 x 2 m pro jedno kabelové
vedeni, které musi zajistit bezpec¢né pozarni oddéleni

jednotlivych kabelovych spojek v pFipadé poruchy.

Vzhledem k prlméru jednotlivych kabeld (min. 15 cm)
a pozadavkiim na jejich mechanizované pokladani
(zatahovaéni) nelze redlné uvazovat o zméné sméru trasy

kabelového vedeni mezi sousednimi kabelovymi komorami.

Building the transmission system

the route. Consequently, a special access road would
have to be built which would have to be maintained after
the completion of the line for maintenance, repair, upgrade
and inspection purposes. In addition, a handling and storage

area would have to be constructed.

All the cable sections (each approximately 600 metres long)
must be connected via cable joints which must be accessible
for inspection and measurement purposes. Concrete
structures approximately 6 by 6 by 2m in size, with the
greater part buried in the ground, would have to be
built for each cable line to ensure the safe separation of
cable joints from each other for fire protection reasons

should there be a fault in one of the cables, for example.
Given the diameter of each cable (15cm as a minimum) and

the requirements concerning mechanised laying (stringing),

cable routing between two joint bays could not be changed.
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V misté pfechodu z venkovniho na kabelové vedeni

(a naopak), tzn. pfi kombinaci obou konstrukénich typl
vedeni v trase, je nutné vybudovat oplocenou pfechodovou
stanici pro umisténi koncovych portald, kabelovych
prichodek a svodict prepéti o rozmérech cca 50 x 50 m

s ochrannym pasmem 20 m od oploceni.

Ve srovnani s nadzemnim vedenim ma kabelové vedeni
zasadni nevyhodu spocivajici ve znacné vyssi kapacitni
reaktanci, kterd podstatnym zpdsobem snizuje pfenosové
schopnosti kabelu. Proto by pro realizaci zamyslenych
kabelovych vedeni bylo nutné na obou koncich doplnit
kompenzacni zafizeni. Pod pojmem kompenzacni zafizeni
se rozumi uzavreny areal pro rozvodné zafizeni zvn, vlastni
kompenzatory (kompenzacni tlumivky o jednotkovém
vykonu minimalné 100 MVAr) a budovy pro systémy fizeni,
chranéni a vlastni spotfebu stanice, a s pfistupovou
komunikaci pro prepravu tézkych a nadrozmeérnych nakladd

¢i zafizeni.

Vlastni vykop pro kazdou kabelovou trasu predstavuje
vytézeni pfiblizné 13 500 m? zeminy (nebo i skaly,
podle zmény podlozi v trase kabelu) na kazdy kilometr
trasy. A s ohledem na problém s odvodem ztratového tepla
kabelu (asi 200 W na kazdy metr trasy) by bylo nutné

cca 25 % tohoto objemu odvézt na skladky a nahradit

specidlnim materidlem na zasyp.

Velkym problémem je i otazka viditelného vymezeni
ochranného pasma kabelového vedeni v terénu, vcetné
zajisténi jeho bezpecnych prejezdd, napt. pro bézné

pouzivané stroje a mechanismy v zemédélstvi a lesnictvi.

U podzemniho vedeni je velmi obtiZzné feseni poruch

pfi provozu (vyhledani mista poruchy, oprava poskozené
¢asti kabelového vedenf). Doba zasahu do opétného
uvedeni kabelového vedeni do provozu se pohybuje nikoliv
v fadu hodin az dni (jako u vzdusného vedeni), ale tydnd az
mésicl. Stavebni a montazni rozsah praci pro opravu a pro
vymeénu kabell v trase je srovnatelny s rozsahem praci pro

vystavbu.
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A fenced transition station for terminal portal towers, feeder-
through insulators and overvoltage arresters, 50 by 50m in
size with a protection zone of 20 meters wide as measured
from the fence, would have to be built at the transition point
between overhead line to cable line in the case when both

types of line are used within a given route.

Underground cable lines have a major disadvantage when
compared to overhead lines: substantially higher capacity
reactance which considerably reduces the transmission
capacity of the cables. Consequently, a compensating
station would have to be built at both ends of the line
route. The compensation station would consists of an
enclosed site comprising an EHV substation, compensators
(shunt reactors with a minimum nominal capacity of
100MVAr) and buildings housing control systems, protective
devices and station auxiliaries; an access road serving the
compensation station would also have to be built for the

transportation of heavy or exceptional loads and equipment.

Approximately 13,500m? of earth (or rock, depending
on the ground in which the cable is routed) per each
route kilometre would have to be excavated during
preparation of the cable trench in a cable route. In view of
the poor heat-dissipation qualities of underground cables
(approximately 200W for each route meter), roughly 25% of
this volume would have to be disposed of and replaced by

special backfill material.

Clear marking of protection zone boundaries alongside the
route of the cable which includes safe crossings, e.g. for
machinery commonly used in agriculture and forestry, would

pose a serious problem.

Faults in underground power lines under operation are very
difficult to tackle (locate the fault and repair the damaged
section of the cable line). The time required for the recovery
of the line operation would not amount to hours or days (as
for overhead lines) but to weeks or even months. The scope
of construction and assembly work required for the repair or
replacement of cables along the route is comparable with

that required for the construction of a new line.
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Vystavba pfenosové soustavy

To jsou jen nékteré nejzavaznéjsi problémy, s nimiz by se
vystavba a provoz podzemniho kabelového vedeni musely
vyrovnavat. Témi dalsimi jsou kfiZzeni kabelové trasy se
silnicemi a Zeleznicemi, pfekonavani vodnich tokd, kotveni
kabelového vedeni ve svahu (v pfi¢ném i podéiném spadu)
aj. Je zfejmé, Ze i feSeni kabelovym vedenim by trvale
poskodilo krajinu, a to mnohem zavaznéjsim zplsobem,
nez vedeni nadzemni. Pfitom pramérné naklady na
vystavbu kabelového vedeni jsou ve srovnani

s naklady na vystavbu venkovniho nadzemniho vedeni
zhruba 10x az 20x vyssi (v zavislosti na terénu

a prekonavani prekazek v konkrétni trase).

Building the transmission system

Only a selection of the most serious problems associated with
the construction and subsequent operation of underground
cable lines are outlined above; a host of other complications
attend the construction and operation of underground
cables including road, rail and river crossings, anchoring of
cables on sloping areas (both on lateral and longitudinal
slopes) etc. The cable solution harms the landscape to a far
greater extent than overhead line construction. The average
cost of cable line construction is approximately 10 to 20
times higher than for overhead lines (depending on the
type of ground and obstacles along the specific route to be

overcome).
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Vznik a rozvoj jednotné
elektrizaéni soustavy CR

V zacatcich primyslového vyuzivani elektrické energie
nebylo rozvodnych ani prenosovych soustav
zapotrebi. Elektfina byla zpravidla vyrabéna
pro vlastni spotiebu. Rozvodné systémy zacaly vznikat
v prvnim desetileti minulého stoleti spole¢né s prvnimi

verejnymi elektrarnami.

Hlavni impuls k vystavbé elektrizani soustavy, jak ji zndme
dnes, dal v roce 1919 Zakon o soustavné elektrisaci statu.
Funkci vznikajici pfenosové soustavy velmi dobre
charakterizovala propagacni brozura vydana v roce 1924
Zemskym Gfadem na zvelebovéni Zivnosti v Brné: , Ukolem
soustavné elektrisace jest vybudovati na tzemi
Ceskoslovenského statu uzavieny fetézec velkoelektraren,
zfizeny na pramenech pfirodni energie, to jest jednak

na dolech, jednak na velkych vodnich silach tak, aby
umoznovaly, pracujice do spolec¢né sité, hospodarny rozvod

elektrické energie v potfebném mnozstvi v celém staté.”

Paterni prenosova sit byla prakticky dokoncena v 80. letech
minulého stoleti. V soucasné dobé ji tvofi hlavné vedeni
400 kV. Trasy 220 kV, jejichz vystavba byla ukoncena
pocatkem 70. let, dnes plni pfevazné ulohu zaloznich

a doplrikovych vedeni. K prenosové soustavé patii rovnéz
41 rozvoden s 71 transforméatory pro obé zékladni napétové
hladiny. Historicky nejstarsi soustavy 110 kV postupné

v 70. letech prevzaly ulohu uzlové napajenych distribuc¢nich
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Formation and develop-
ment of the integrated
Czech power system

In the early days of the industrial use of electricity
neither distribution nor transmission systems were
needed; electricity was generated solely for the
producer’s own use. The first distribution networks
were built in the first decade of the 20th century,

together with the first public power stations.

The main impetus for the formation of a national power
system in its current form was provided in 1919 by the
passing of legislation on the supply of electricity to the whole
of the country. The role of the emerging transmission system
was aptly described in a promotional brochure published in
1924 by the Provincial Authority for Business Promotion in
Brno: “The aim of systematic electrification is to develop an
inclusive chain of large power plants in Czechoslovakia built
near to resources of natural energy, i.e. coal mines or major
rivers, so that generated electricity supplied to a common
grid can be distributed economically and in the required

amount throughout the whole of the country”.

The construction of a backbone transmission network was
finally completed in the 1980s. It currently consists of 400kV
power lines with 220kV lines, the construction of which was
completed in the early 1970s and which are currently used
mainly as reserve lines. In addition, the transmission system
comprises 71 transformers and 41 substations for both basic
voltage levels. The older 110kV grids have been used for

distribution purposes since the 1970s.
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