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Provoz a rizeni prenosoveé soustavy
Operation and management of the transmission system

Ceské elektroenergetickd pfenosové soustava je soucasti
kritické infrastruktury statu, jeji bezpecné a spolehlivé
fungovani je naprosto nezbytné pro chod celého narodniho
hospodafstvi, pramyslu, zemédélstvi, ale i pro kazdodenni
Zivot obyvatel Ceské republiky. Pfenosova soustava
z&sobuje jednotlivé regiony Ceské republiky elektrickou
energii prostfednictvim sité elektrickych stanic vedeni velmi
vysokého a zvlasté vysokého napéti. Tim zajistuje prenos
elektrické energie na velké vzdalenosti od zdroja (elektraren)
k distributordm (rozvodné energetické spolecnosti).

Ulohou jejiho vlastnika a provozovatele, spole¢nosti CEPS,
je kromé nepretrzitého prenosu téz udrzovani rovnovahy
mezi vyrobou a spotrebou elektrické energie na Uzemf
Ceské republiky. V ramci vzajemné spolupréce evropskych
provozovatell pfenosovych soustav, se kterymi je ta nase
propojena, zajistuje také vymeénu elektrické energie mezi
staty Evropy a tim se podili na realizaci evropského trhu

s elektrickou energif.

Je ziejmé, Ze provoz energetické soustavy musi byt fizen

a regulovan stejné jako jiné soustavy i sité, napf. obdobné
jako plyndrenska soustava, sit drah nebo silnic. Zatimco
provoz drahy se reguluje pomoci jizdnich fadd a silnice
pomoci dopravniho znacenf a svételnych signalt (semafora),
elektricka energie se rozdéluje po jednotlivych prvcich
pfenosové soustavy podle jejich fyzikalnich viastnostf
(ziednodusené odporl jednotlivych vétvi). Dispecerské
fizeni v elektroenergetice zajistuje optimalni zapojenf sité

a podminky pro prenos energie tak, aby nedochazelo

k pretizenf jednotlivych prvkd soustavy. S rozvojem
obchodnich vymén mezi jednotlivymi staty musi fizeni
soustavy respektovat nasmlouvané prenosové kapacity

na mezinarodnich propojenich.

The Czech electricity transmission system is part of the
critical infrastructure of the state, the secure and reliable
functioning of which is absolutely essential for the
functioning of the national economy, industry, agriculture,
as well as for the daily life of the inhabitants of the

Czech Republic. The transmission system supplies electric
power to the individual regions of the Czech Republic
through a network of electric power stations, hight
voltage and extra high voltage lines. It thus secures the
transmission of electric power over long distances from
sources (electric power plants) to the distributors (power
distribution companies). The role of the transmission system
owner and operator, CEPS, apart from the continuous
transmission of electricity, is also the maintenance of

a balance between generation and consumption of electric
power in the territory of the Czech Republic. As a part

of co-operation between the European operators of the
transmission systems with which our transmission system
is interconnected, it also ensures the exchange of electric
power between European states and thus participation in
the realization of the European electricity market.

It is evident that operation of the electric power system
must be controlled and regulated just like other systems

or networks, e.g. the gas system, railway or road

networks. While railway operations are regulated by means
of timetables and roads by means of traffic signs and lights,
electric power is divided into individual elements of the
transmission system according to their physical properties
(simply put, the resistance of their individual branches).
Dispatch control in the power industry ensures optimal
connection to the network and such conditions for the
transmission of power so that individual components
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Principidlné se vsak elektrizacni sit a jeji provoz lisi od vsech
dalsich sitovych infrastruktur — plynovodd, ropovodd, ale
také naptiklad od telekomunika¢niho systému nebo silni¢ni
sité. Elektfinu Ize skladovat jen v omezeném mnoZstvi,
rovnovaha mezi vyrobou a spotfebou pritom musi byt
zajisténa v kazdém okamziku. Navic synchronné propojena
kontinentalni elektriza¢ni soustava tvofi fyzikalni systém,

ve kterém se vzruch od kazdé poruchy rozsiti ve zlomcich
sekundy celym systémem, a ovlivni tak kvalitativni
parametry elektfiny, jako je frekvence, napéti, toky vykon(
apod. Vypadky vyrobnich zdrojd nebo jednotlivych vedeni
¢i rozvoden mohou kaskadovité zpUsobit pretézovani prvki
systému a jejich nucené odpojeni. Cely propojeny systém
se muze ,rozkyvat” a rozpadnout se na jednotlivé oblasti,
v krajnim pfipadé se na velkych tuzemich dokonce zhroutit
s naslednym ,, blackoutem”.

of the system do not become congested. With the
development of trading activities between individual states,
management of the system must respect the contracted
transmission capacity for international interconnections.

In principle, however, the electricity network and its
operation are different from all other network infrastructures
— gas and oil pipelines, but also, for example, from the
telecommunications system or the road network. Electricity
can only be stored in limited quantities, so the balance
between generation and consumption must be ensured at all
times. In addition, the synchronously connected continental
electric power system is a physical system in which the
disruption caused by any failure spreads in fractions of

a second throughout the system, thereby affecting the
qualitative parameters of electricity such as its frequency,
voltage, power flows, etc. Outages of generation units,
individual lines or substations might have a domino effect
and cause the overloading of system components and their
forced disconnection. The entire interconnected system
might get “wobbly” and split into individual regions,
eventually even collapsing in large areas with a subsequent
blackout.
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Phase-shifting transformers

PST transformator (Phase-shifting transformer -
transformator s fizenym posuvem faze) je elektricky
netocivy stroj, ktery prostrednictvim zmény fazového uhlu
napéti na jeho vstupu a vystupu umoznuje aktivni fizeni
protékajiciho ¢inného vykonu.

Predstavime-li si pfenosovou soustavu jako rybnik s mnoha
vypustémi, funguje PST transformator jako stavidlo,

nebo naopak cerpadlo, které omezi, resp. zvysi pritok
danou vypusti. V dusledku toho se zméni pritoky vody
uvnitf rybnika a vsemi ostatnimi vypustémi, které nejsou
regulované. Omezeni toku na jedné vétvi oproti ostatnim
paralelnim vétvim sité zpUsobi prerozdéleni tokl (elektfina
proudi cestou nejmensiho odporu), a presouva tak ¢ast tokd
na okolni méné zatizena vedeni. Eliminuje se tak mozné
pfetizeni pfenosové sité.

Laicky feceno, PST transformator zajisti dostatecnou zménu
v siti, jako by propojovaci vedeni, na kterém je nainstalovan,
fizené ménilo prenaseny vykon, a to obéma sméry.

Transformatory s fizenym posuvem faze jsou zafizeni, ktera
mohou zna¢nou mérou prispét ke spojitému ovliviiovani
rozdéleni tokd elektrického proudu v siti - regulaci
prenasenych vykond tou ¢ onou ¢asti sité.

A phase-shifting transformer (PST) is an electric non-rotating
machine which, by changing the phase angle of the voltage
at its inlet and outlet, enables an active control of the flow
of active power.

If we imagine the transmission system as a pond with many
drains, a PST works alternatively as a water gate or a pump
that reduces or increases the flow through the given drain.
As a result, the flow of water inside the pond and through
all the other drains that are not regulated will change.
Limiting the flow on one branch compared to other parallel
branches of the network causes redistribution of flows
(electricity flows through the path of the least resistance),
thus shifting part of the flows to surrounding less-loaded
lines. This eliminates possible congestion of the transmission
network.

To put it simply, a PST will ensure a sufficient change in the
network, as if the interconnector on which it is installed
manually altered the transmitted power in both directions.

Phase-shifting transformers are devices that can greatly
contribute to continuous influencing of the distribution
of electricity flows in the network — with regulation of
the transmitted power on by one or another part of the
network.
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Proc jsou tyto transformatory v rozvodné
Hradec u Kadané nainstalovany?

¢ Ucinné omezeni velkych kolisavych tokt vykonu
po pFeshraniénim profilu pfenosové soustavy CR
z Némecka

e Omezeni rizika pretézovani vnitini sité CR vlivem
pretokll smérem severjih, resp. jihovychod

e Zajisténi bezpeéného provozu siti v podminkach
vysoké vyroby vétrnych elektraren v Némecku
i v neuplnych zapojenich (pfi udrzbé
a rekonstrukcich stavajicich vedeni a vystavbé
novych)

e Snizeni rizika zavleceni velkych systémovych
poruch ze zahranicnich siti

e Maximalni vyuziti okolnich pfenosovych profilt
s ohledem na sjednané obchodni vymény

e Zajisténi moznosti vyvedeni zdroji nezavisle
na pfenosech ze zahranici, snizeni rizika vypadkt
zasobovani elektrické energie

Nezdvislé studie oznacily transformator s fizenym posuvem
faze jako vhodné opatteni pro zajisténi stability ceské
prenosové soustavy pfi nadmérnych tranzitnich tocich
elektriny v regionu stredni a vychodni Evropy.

Stavba PST transformatorl v rozvodné Hradec u Kadané je
zarazena do Desetiletého planu rozvoje siti (TYNDP 2016)
Asociace evropskych provozovateld prenosovych soustav
(ENTSO-E) a je rovnéz soucasti Planu rozvoje pfenosové
soustavy CR 2017 — 2026, ktery byl schvalen Ministerstvem
primyslu a obchodu a Energetickym regula¢nim uradem.
Instalace transformatoru s fizenym posuvem faze nenahradi
rozvoj infrastruktury pfenosové soustavy, avsak pomaze

Why are these transformers installed at the
Hradec substation near Kadan?

e Effective limitation of large unstable power flows
through the Czech/German interconnector coming
from Germany

e Limitation of the risk of overloading the internal
network of the Czech Republic due to unscheduled
power flows from north to south or southeast

e Ensuring safe grid operation in times of high
wind power generation in Germany and
incomplete connections (during maintenance and
reconstruction of existing lines and construction of
new ones)

e Reducing the risk of introducing large system
failures from foreign networks

e Ensuring maximum use of surrounding
interconnectors with regard to contracted
commercial exchanges

e Ensuring the possibility of connecting power
sources independently of foreign transfers,
reducing the risk of electricity supply outages

Independent studies have marked PSTs as a suitable
measure to ensure the stability of the Czech transmission
system in the event of excessive transit power flows in the
CEE region.

The construction of the PSTs at the Hradec substation near
Kadan is included in the Ten-Year Network Development
Plan (TYNDP 2016) of the European Network of
Transmission System Operators for Electricity (ENTSO-E) and
is also an integral part of the Plan for the Development of
the Transmission System of the Czech Republic 2017-2026,



ridit rozdéleni a optimalizaci tokd v pfenosové soustavé
a ptetoky vykonu mezi Némeckem a Ceskou republikou.

Transformatory jsou sice nakladnd investice, ale jejich
Zivotnost je az 40 let. Bez jejich instalace by vydaje

na napravna opatteni odstraniujici nezadouci pfetoky v sitich
mohly byt daleko vétsi, nez jsou néklady na jejich stavbu.

Provozovani nasich PST transformdatord s obdobnymi

na némecko-polské hranici vyznamné snizuje rizika
pfipadnych napravnych opatfeni (zejména mezinarodnich
redispecinkd). Transformatory tak vyznamnou mérou
prispivaji ke zvyseni spolehlivosti provozu propojenych
soustav dotc¢enych zem!.

PST transformdtory jsou obecné vyuzivané pro spojité fizeni
tokd energie v ramci propojenych prenosovych soustav

v Evropé, ale i mimo ni. PouZivaji se zejména v severnich
oblastech Evropy (Belgie, Nizozemsko, Némecko, Polsko),
vyskytuji se v3ak i v jiznich statech jako Slovinsko, Itélie,
Chorvatsko a Francie. Samostatnou oblast pak predstavuiji
PST transformdtory pouzivané pro Fizeni vnitrostatnich tokd
(Rakousko, Italie).

which was approved by the Ministry of Industry and Trade
and the Energy Regulatory Authority. The installation

of the PSTs does not substitute the development of the
transmission system infrastructure, but will help distribute
and optimize flows in the transmission system and power
flows between Germany and the Czech Republic.

Transformers are costly investments, but their lifetime can
last up to 40 years. Without their installation, the cost of
remedial measures eliminating unplanned overflows in
the networks could be far greater than the cost of their
construction.

The operation of our PSTs together with similar ones at
the German-Polish border significantly reduces the risk
of possible remedial measures (especially international
redispatches). The transformers thus greatly contribute to
increasing the reliability of the interconnected systems of
the countries concerned.

PSTs are generally used for continuous power flow
management within interconnected transmission systems
in Europe and beyond. They are mainly used in northern
Europe (Belgium, the Netherlands, Germany, Poland), but
they are also found in southern countries such as Slovenia,
Italy, Croatia and France. Another use of these transformers
is the management of internal flows (Austria, Italy).
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Princip ¢innosti
Principle of operation

PST transformétory se skladaji ze sériové a budici jednotky.
Kazda z jednotek je umisténa ve své samostatné nadobe.
Tyto jednotky jsou mezi sebou elektricky propojeny.

Vinuti sériové jednotky je pfimo (sériové) viazeno

do prenosového vedeni (v nasem pfipadé do vedeni

400 kV s provoznim oznacenim V445 a V446 mezi
rozvodnou Hradec u Kadané a némeckou rozvodnou
Rohrsdorf). Toto vinuti PST transformétoru se v podstaté
chova jako sériova tlumivka, jejiz velikost je mozné meénit
pomoci do ni naindukovaného pomocného napéti.

Na sériovém vinuti pak dochazi k vyslednému fazovému
posunu mezi vstupnim a vystupnim napétim.

Budici jednotka s prepinacem odbocek zajistuje fizenou
indukci pomocného napéti do sériového vinuti, a umoznuje
tak regulaci toku vykonu sériovym vinutim.

Na rozdil od béznych transformator(, které méni velikost
napéti, PST transformator reguluje prochazejici vykon beze
zmeény velikosti napéti.

S provedenim PST transformdtoru ve dvou nddobéch
souvisi vétsi rozmeéry zarizeni (vice jak 2x) oproti klasickému
transformatoru, tzn. vétsi ndroky na plochu, vétsi pfepravni
hmotnost a tomu odpovida i jeho vyssi cena.

Vyrobitelnost PST transformatoru je omezena zejména
prepravnimi rozméry a pfepravni hmotnosti. Pro nami
pozadovany vykon 1700 MVA a rozsah regulac¢niho
Uhlu +/-30° neni transformator béznymi prostfedky
prepravitelny. Proto bylo zvoleno feseni sestavajici ze
dvou paralelné spojenych PST transformatort, kazdy

A PST consists of a series and shunt units. Each of the units
is located in its own separate container. These units are
electrically interconnected.

The winding of the series unit is directly (in series) connected
to the transmission line (in our case to the 400 kV line with
operational marking V445 and V446 between the Hradec
substation and the Rohrsdorf substation in Germany). This
winding of the PST in principle behaves like a series inductor,
whose size can be changed by means of auxiliary induction
current. The resulting phase shifting takes place on the series
winding between the inlet and outlet voltage.

The shunt unit with branch switch ensures controlled
induction of the auxiliary voltage to the series winding, and
thus makes it possible to control the flow through the series
winding.

Unlike standard transformers, which change the voltage
level, a PST regulates the flowing power without any change
in voltage.

The design of the PST in two containers is associated with
the larger device dimensions, which are more than twice as
big as a traditional transformer, leading to greater demands
for space, greater transport weight and at the same time,

a higher price.

The manufacturability of the PST is restricted mainly by
the transport dimensions and weight. A transformer with
the required output of 1700 MVA and regulation angle of
+/-30° cannot be transported by standard means. For this
reason, a solution featuring two PSTs connected in parallel



Zjednodusené schéma zapojeni PST transformatoru — sériova a budici jednotka - jedna faze
(budici vinuti sériové jednotky je napajeno sdruzenym napétim ostatnich dvou fazi)

Simplified diagram of the PST connections - series and shunt units — one phase

(the shunt winding of the series unit is powered by the phase to phase voltage of the other two phases)
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o jednotkovém vykonu 850 MVA. Pfeshranic¢ni profil
do Némecka tvori dvé vedeni 400 kV, kterad obé jsou
vybavena PST transformatory. Celkem jsou instalovany
2x2 paralelni PST transformatory po 850 MVA,

tj. 8 transformatorl (4 sériové a 4 budici).

was chosen, each of which has a unit output of 850 MVA.
The interconnector to Germany comprises two 400 kV lines,
which are both equipped with PSTs. In all, 2x2 parallel

PSTs each with an output of 850 MVA have been installed,
i.e. 8 transformers (4 series and 4 shunt units).
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Schematické umisténi PST transformatord na preshraniénim profilu CEPS - 50Hertz
The schematic location of the PSTs on the CEPS - 50Hertz interconnector
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Model PST transformatoru o vykonu 850 MVA

(slozeny ze sériové a budici jednotky vcetné nezbytného externiho chlazeni)
A PST model with an output of 850 MVA

(comprising series and shunt units including the necessary external cooling)

1
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Transport PST transformatoru

Transportation of the PSTs

PST transformdtory nejsou sériové vyrabéna zafizeni. Jedna
se 0 zakdzkovou vyrobu ,na miru”. Stejné tak, jako jsou
unikatni samy stroje, byla komplikovana i jejich preprava.

Transformatory jsou vyrobené v Itdlii, pobliz Mildna,
odkud se dopravovaly po silnici do pfistavu u Benatek

a nasledné po mofi do Hamburku a odtamtud po Labi

az do pristavu v Lovosicich. Nasledovala prekladka z lodi,
upevnéni do ramu vyrobeného za timto Gcelem a doprava
na silni¢nim podvalniku az do rozvodny Hradec u Kadané.
A to vse celkem osmkrat, tedy pro kazdou nadobu zvlast.
Transport jednoho stroje z vyrobniho zavodu az do rozvodny
tak trval zhruba mésic, dalsi minimalné tfi mésice zabrala
montaz samotnych transforméatord a jejich odzkouseni
pfimo v rozvodné.

Prepravu PST transformatord nelze uskute¢nit, pokud
teplota vzduchu klesne pod -20 °C, nebo pokud je naopak
vyssi nez 30 °C. S témito problémy jsme se béhem jejich
transportu vyrovnavat nemuseli. Nejvétsi prekdzkou byla
splavnost feky Labe.

Transportni hmotnost jednoho kusu ¢ini 300 tun (bez oleje).
Pravé tato vaha byla v technické specifikaci uvedena jako
maximalni pfepravni. Pokud by byly transformatory t&zsi,
byla by preprava jen velmi téZko proveditelna.

12

PSTs are not serially produced devices. It is a custom,
“tailor-made” piece of equipment. The uniqueness of
these machines was matched by the complicacy of their
transportation.

The transformers were produced in Italy, near Milan,

from where they were transported by road to a port

near Venice, then by sea to Hamburg and thence by the
Elbe River to the port in Lovosice. This was followed by
transshipment, mounting to a special custom-made frame
and transportation by road on a low-loader to the Hradec
substation. This was repeated eight times, separately for
each container. Delivery of one device from the factory to
the substation lasted about a month, with its installation
and testing directly at the substation taking at least another
three months.

The PST transformers cannot be transported when the
air temperature falls below -20 °C or rises above 30 °C.
However, this was never an issue during transport. The
biggest obstacle was the navigability of the river Elbe.

The shipping weight of one container is 300 tons (without
oil). This weight was listed as maximum shipping weight
in the technical specifications. If the transformers were
heavier, it would be very difficult to transport them.
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Preprava PST transformator( z pfistavu v Lovosicich do rozvodny Hradec u Kadané
Transportation of the PSTs from the Lovosice port to the Hradec substation

1)
Transformator byl vodni cestou dopraven do pfistavu Lovosice.
The transformer was transported to the Lovosice port by water.

2)»
Transformator z fi¢niho ¢lunu vyzvedly dva jefaby o nosnosti 5001t.

From the river boat, the transformer was retrieved by two cranes with load
capacity of 500t.

<3)

Pro transport PST transformatort byl vyprojektovan a vyroben specidlni
pfepravni ram.

A special transport frame was designed and manufactured to transport
the PSTs.

14



4 »

Naklad s rdmem byl uloZen piesné podle zatéZovaciho schématu
na podvalnik Goldhofer — 22 os.

The cargo with the frame was put on a Goldhofer low loader with 22 axles
exactly according to the loading scheme.

5) A
Transport kazdého néakladu byl zahdjen vzdy v ¢asnych rannich hodinach.
The shipping of each cargo was started in the early morning.

6) A
Pro pfepravu bylo nutné stavebné upravit dva kruhové objezdy.
Two roundabouts had to be rebuilt due to the transport.

15
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8) A
Prljezd soupravy k¥izovatkou je vidy naro¢ny na presnou praci osadek.
Driving through interchanges always requires precision.

16

47)

Jednim z problematickych mist na trase byl prejezd hraze Nechranické
piehrady, kde parametry a technicky stav mostu nevyhovovaly celkové
z4tézi, a proto bylo na most umisténo ocelové mostni provizorium, které
umoznilo bezpeény prejezd mostu a hraze.

One of the problematic spots on the route was the crossing of the
Nechranice water dam, where the parameters and the technical condition

of the bridge were not sufficient for the overall load, therefore a temporary
steel structure was placed on the bridge in order to allow for safe crossing of
the bridge and dam.

9) A
Pfi prajezdu rozvodnou muselo byt vypnuté podjizdéné silové vedeni.
When passing under the substation’s power line, that had to be shut down.



£l

£l
i FEEEI—O OO

P -
(B 1o T et A A

f;lm Soupravu tvorily 3 tahace a podvalnik
Goldhofer. Celkova délka soupravy byla
58,75 m a celkovd hmotnost 483,3t. Maximaini
Sitka 4,90m a vyska 5,68 m, maximaini
ndpravovy tlak 18,78t na osu.
The transportation unit consisted of 3 trucks
and a Goldhofer low-loader. The total length
of the unit was 58.75m and the total weight
was 483.3t. Its maximum width was 4.90m,
height 5.68m, maximum axle pressure 18.78 t
per axle.

<10)
Pfijezd soupravy na stavenisté.
The arrival in the construction site.

v 11)

Transformator byl z podvalniku pfenesen na dva pfi¢né nosniky
vybavené zatizenim na vodorovny presun nakladu.

From the low-loader, the transformer was moved to two beams
equipped with horizontal cargo movers.

<12)
Transformatory jsou na svém misté.
Transformers are now in place.

17
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Technické parametry PST transformatorii v rozvodné Hradec u Kadané

VYROBCE

Pocet PST transforméatort na vedeni

TAMINI TRASFORMATORI

2 paralelné spojené PST transformatory

Jmenovity prachozi vykon vedeni (2 PST transformatory) 2 x 850 MVA
Provedeni PST transformator( 2 nadoby: sériova + budici jednotka
Jmenovité napéti PST transformator 420 kv
Typ regulace Symetricka
Pocet odbocek regulace thlu +/-32
Rozsah regulace fazového uhlu +/-30°
Rozméry kompletniho PST transforméatoru 22950 x 14 435 x 9 951 mm
Hmotnost budici jednotky 430t
Pfepravni hmotnost budici jednotky (bez oleje) 300t
Hmotnost sériové jednotky 445t
Pfepravni hmotnost sériové jednotky (bez oleje) 300t

Technical specifications of phase-shifting transformers at the Hradec substation near Kadan

MANUFACTURER TAMINI TRASFORMATORI
Number of PSTs per power line 2 PSTs connected in parallel
Rated transmission flow of the power line (2 PSTs) 2 x 850 MVA
PST design 2 containers: serial + shunt unit
Rated voltage of the PSTs 420 kv
Regulation type Symmetrical
The number of angle regulation steps +/- 32
Phase angle regulation range +/-30°
Overall dimensions of the PST 22,950 x 14,435 x 9,951 mm
Shunt unit weight 430t
Shunt unit transportation weight (without oil) 300t
Series unit weight 445t
Series unit transportation weight (without oil) 300t

18



Stavba PST transformatoru v datech
Timeline of the PSTs construction

2012

e Nezdvislé vypoctové studie overujici vliv nasazeni PST
transforméatord na mezistatnim profilu CEPS — 50Hertz,
stanoveni doporucenych parametr( PST transformdator(

e Uzemné technickd studie fesici umisténi PST
transformatord, potfebné pozemky a zptsob dopravy

2013

e Technicka specifikace PST transformator(, prvni stupen
predprojektové pripravy investi¢ni akce

e \/ykup pozemkd potfebnych pro umisténi PST
transforméatord

e Zahajeni vybérového fizeni na nakup samotnych PST
transforméatord

2014

e \/ybér dodavatele PST transformdatord

e Zahajeni praci na projektové dokumentaci akce
e Zahajeni vybérového fizeni na realizaci stavby

2015
e \/ybér zhotovitele stavby

04/2015
e Zahajeni realizace stavby

2015 - 2017
e Planovana vystavba nové asti rozvodny, dodani PST
transforméatord

01-07/2017
e Zkusebni provoz a uvedeni PST transformator(
do provozu

2012

e Independent calculation studies verifying the impact
of the PSTs deployment on the CEPS — 50Hertz
interconnector, determination of recommended PST
specifications

e Land-use technical study addressing the location of the
PSTs, the necessary land requirements and transportation
method

2013

e Technical specifications of the PSTs, the first stage of the
investment project preparation

e Purchase of land necessary for the PSTs

e Launch of the tender for the purchase of PSTs

2014

e Decision on the PST supplier choice

e Commencement of work on the project documentation
e Launch of the tender for the construction

2015
e Decision on the building contractor choice

2015/04
e Start of construction

2015 -2017
e Planned construction of a new section of substation,
delivery of the transformers

2017/01 -07
e Test operation and commissioning of the PSTs
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Realizace vystavby PST transformatoru
v rozvodné Hradec u Kadané

Construction of phase-shifting transformers at the
Hradec substation near Kadan

Realizace vystavby PST transformator(i nepredstavovala
pouze zakoupeni samotnych strojd, ale také podstatné
rozsiteni stavajici rozvodny Hradec u Kadané. V souvislosti
s PST transforméatory bylo nutné upravit stavajici
vyvodova pole vedeni V445 a V446 a pro pripojeni

PST transformatort vybudovat nova pole rozvodny umisténa
mimo stavajici aredl rozvodny na nové vykoupenych
pozemcich. Stavba stanovist PST transformdatord,
pfivodnich a vyvodovych poli probéhla na zelené louce

v sousedstvi rozvodny. Pro umisténi jednotlivych souprav
PST transformatort byla vybudovana 4 stanovisté
transformaétord. Stanovisté jsou umisténa vsechna vedle
sebe a zahrnuiji protihlukova opatteni.

Celkové investi¢ni naklady realizace vystavby

PST transformdator( v rozvodné Hradec u Kadané (tj. vlastnf
stroje, projektova pfiprava a samotna realizace) Cinily
1,588 mld. K¢.

Construction of phase-shifting transformers required not
only the purchase of the devices, but also a significant
expansion of the Hradec substation. It was necessary to
modify the existing outgoing feeder bays of the V445

and V446 power lines due to the PSTs and to build new
substation bays located outside of the original territory

of the substation, on the newly purchased land, in order
to connect the transformers. The construction of PST
bases, incoming and outgoing feeder bays took place on

a greenfield site adjacent to the substation. Four bases were
built, one for each phase-shifting transformer unit. The
bases are all situated next to each other and include noise-
protection equipment.

The total investment costs of the construction of
phase-shifting transformers at the Hradec substation

(i.e. the devices, project preparation and implementation)
amounted to CZK 1.588 billion.
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PST transformatory / Phase-Shifting Transformers

Provoz PST transformatoru

Operation of the PSTs

Vysoké nepldnované toky mezi severnim Némeckem a jeho
sousednimi staty - Ceskem a Polskem - ptedstavuji hrozbu
pro bezpecny provoz prenosovych soustav. Napravna
opatreni, kterd pro udrZeni spolehlivosti museji v takovych
pfipadech jednotlivi provozovatelé siti ucinit, mohou

byt a Casto také jsou vysoce nakladna. Kromé toho maji
pretoky negativni vliv i na mezindrodni obchod s elektfinou.
Z bezpecnostniho hlediska je totiz nutné vyclenit ¢ast
pfeshrani¢nich prenosovych kapacit pravé pro pfipad
neplanovanych tokd. Provozem PST transformatort je
mozné uvolnéné kapacity vyuZit pro realizaci obchodu

s elektfinou.

Primarnim cilem instalace a provozu PST transformator(

v Hraddi je zajistit bezpec¢ny provoz pfenosové soustavy
Ceské republiky. Nastaveni regula¢nich parametr(i PST
transformatort bude koordinovano se zahrani¢nimi partnery
tak, aby byla zajisténa spolehlivost provozu elektriza¢nich
soustav v celém regionu stfedni Evropy. Koordinace

je provadéna s vyuzitim regionalniho centra TSCNET,
spolec¢nosti 13 evropskych provozovatel( prfenosovych siti.

Koordinované provozovani nasich PST transformator(

s obdobnymi na némecko-polské hranici pomaha
stabilizovat a vymezit tranzitni toky. Cilem nenf zabranit
tomu, aby elekt¥ina proudila. Plati, ze spole¢nost CEPS
prenasi maximalni mnozstvi elektfiny, ale bezpecné, bez
ohroZeni spolehlivosti dodavek elekttiny v Ceské republice.
A to pravé tento specidlni typ transformatoru umozriuje.

22

High unscheduled flows between northern Germany

and its neighboring countries — Czech Republic and

Poland — are a threat to the safe operation of transmission
systems. Remedial measures for maintaining reliability

that the individual grid operators must take are often very
expensive. In addition, the unplanned flows also affect the
international electricity trade. From a security standpoint, it
is necessary to allocate part of the cross-border transmission
capacities specifically for the unscheduled flows. The
operation of the PSTs thus enables to utilize the released
capacities for the realization of electricity trades.

The primary objective of the installation and operation of
phase-shifting transformers in Hradec is to ensure the safe
operation of the Czech transmission system. Setting up

the regulatory parameters of the PSTs will be coordinated
with foreign partners in order to ensure the reliability of

the operation of electricity networks throughout Central
Europe. The coordination is carried out through the regional
center TSCNET, the association of 13 European transmission
system operators.

The coordinated operation of our PSTs with similar devices
operating at the Germany-Poland border helps stabilize
and delimitate the transit flows. The goal is not to prevent
electricity from flowing. CEPS transfers the maximum
amount of electricity, but safely, without compromising the
reliability of the power supply in the Czech Republic. And
this is exactly what this special type of transformer has to
offer.
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