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1. UVOD 1. INTRODUCTION

Slovensko,  svojou  geografickou Slovakia with its geographic location,
polohou  avybudovanym  systémom well build gas installations system belong
prepravy  plynu, patri  k najvac¢Sim among the biggest transit countries in
tranzitnym krajindm v Eurdpe. Tranzit Europe. The gas transit is provided by the
plynu zabezpecuje divizia tranzitu firmy SPP a.s. company, the unit ,,Tranzit”, with
SPP a.s., s ro¢nou prepravnou kapacitou 93 yearly transfer capacity of 93 mld. m’
mld. m’ je 2 — 3-tou prepravnou makes it the 2. — 3.th transit company in
spolo¢nostou v Eurépe.  Zabezpecuje Europe. It provides the gas transit for SR,
prepravu plynu pre SR a do Rakuska, Austria, CR, Germany, France, Italia,
Talianska, Chorvatska, Slovinska, CR, Croatia, Slovinia.
SRN a Francuzska. To successfully and optimally manage

Uspesne a optimalne riadit’ takyto such strategic company, not only from the
strategicky podnik nielen z pohl'adu aspect of economics of Slovakia, but also
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ekonomiky Slovenska, ale aj Eurépy zavisi
od schopnosti modelovat’ ho ako systém
z roznych hladisk.

Tranzit plynu ako objekt riadenia patri
medzi homogénne spojité procesy [5]. Ako

zakladny princip riadenia takychto
procesov s vel'kou zotrvacnost'ou,
vysokouprodukciou (vo finanénom aj
objemovom vyjadreni), je ,dopredné
riadenie” zalozené na vyuziti modelu
riadenych procesov a modelovani

budiceho vyvoja, doplneného — korekciou
spétnej védzby.

Tento ¢lanok je
Htranzitny systém plynu“ v SR ako
logisticky systém, ktory riadi
a zabezpeCuje realizdciu ,pohybu -
prepravy* plynu, informécii a financii.

Na logisticky systém sa mozeme
pozerat ako zmakro, tak aj mikro
hladiska. Z makrologistického je ,tranzit
plynu v SR* jden zprvkov tranzitného
retazca — systému celej Eurépy t.j. napr.
od zdrojov v Ruskej federacii az po
spotrebitelov vo Francuzsku ¢i Taliansku.
Jednotlivé tranzitné systémy v Statoch
Eurdpy su prepojené do celoeudpske;j siete.

Mikrologisticky pohl'ad je pohlad na
tok plynu a Struktiru tranzitného ret'azca
v SR.

pokusom  popisat’

2. MAKROLOGISTICKE
HEADISKO

Ak sa pozrieme na tranzit plynu
v Eurépe a postavenie Slovenska v tomto
systéme z makrologistického  hladiska,
tranzit plynu v SR je jednym z prvkov
celej tranzitnej siete.

Z hladiska objemu prepravy 70 — 80
mld. m’/rok je Slovensko strategickym
prvkom celej tranzitnej eurdpskej siete.
Velké KapuSany ako uzol s najvdcsou
prepravovanou  kapacitou cca 300
mil.m’/defi je v porovnani s druhym
maximalnym prepravovanym mnozstvom
v Pol'skej republike cca 80 — 90 mil.
m’/deft hovori o pozicii celej tranzitnej
siete. AvSak SR ako prvok v sieti, aj
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of Europe, depends of the ability to model
it as a system from variety of aspects.

The gas transit as an management

object belongs among homogenous
continuous processes [5]. As the basic
principle of management of processes with
such strong momentum, high production
(in terms of financial turnover and
quantity), is the ,teed forward“ is based
utilisation of management process model
and on the modelling of future
development amended with the feedback
correction.
This article is attempting to describe the
»gas transit system® in SR, as logistics
system, which is manages and provides the
realisation of a ,movement  —
transportation®, of gas, information, and
finances.

On the logistics system it can be looked
from macro and micro point of view. From
the macro logistics point of view the gas
transfer in SR is one of the elements of
transit chain - within the Europe system,
that is for example from the gas origin in
Russian federation to the some of the
consumers in France or Italy. The
individual transit systems in the states of
Europe are interconnected in all European
network.

The micro-logistics aspect is the view on
flow of the gas and the structure of the
transit chain in SR.

2. MACRO-LOGISTICS ASPECT

If we look at the gas transit in Europe
and on the position of Slovakia within that
system from the macro-logistics point of
view, the gas transit in SR is one of the
elements of the entire transit network.
From the asPect of the transit volume 70 —
80 mld. m’/year is Slovakia a strategic
element of the entire European transit
network. Velke Kapusany is a knot with
the biggest transport capacity of 300
mil/m’/day in comparison with the second
largest transit amount in Poland,  the
Slovakia 80 — 90 mil/m’/day shows the
position of the entire network. However
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napriek vysSie uvedenému, nie je uzkym
miestom celého samotného ret'azca.

SR as one element in the network, is
despite the above mentioned fact not the

T

< Ukrajina

<«— Rakisko

Obr. 1 Slovensko ako prvok tranzitného retazca

Fig. 1 Slovakia as an element of the transit chain

Z hl'adiska objemu prepravy 70 — 80
mld. m’/rok je Slovensko strategickym
prvkom celej tranzitnej eurdpskej siete.
Velké KapuSany ako wuzol s najvicSou
prepravovanou  kapacitou cca 300
mil.m’/defi  je v porovnani s druhym
maximalnym prepravovanym mnozstvom
v Pol'skej republike cca 80 — 90 mil.
m’/det hovori o pozicii celej tranzitnej
siete. AvSak SR ako prvok v sieti, aj
napriek vy$Sie uvedenému, nie je uzkym
miestom celého samotného retazca.

Uzke miesto (Bottle neck) je ten prvok
systému, ktory  svojim realnym
prepravnym vykonom obmedzuje tranzit.
Uzke miesto — ktoré je z hladiska riadenia
dolezitym faktorom riadenia celej siete, je
zavislé od prepravného vykonu (mnozstva
plynu za casovu jednotku napr. m’/defi)
znizeny o Cas oprav audrzby. Z tychto
hladisk sa zda byt uzkym miestom
tranzitna siet’ Ukrajiny. Slovensko ma eSte
rezervy pre mozné zvysenie
prepravovanych mnozstiev.

UMS = min{P (1 - T7)}
il
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bottleneck of the chain itself.
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view, the gas transit in SR is one of the
elements of the entire transit network.
From the as?ect of the transit volume 70 —
80 mld. m’/year is Slovakia a strategic
element of the entire European transit
network. Velke Kapusany is a knot with
the biggest transport capacity of 300
mil/m*/day in comparison with the second
largest transit amount in Poland, the
Slovakia 80 — 90 mil/m’/day shows the
position of the entire network. However
SR as one element in the network, is
despite the above mentioned fact not the
bottleneck of the chain itself.

Bottleneck is a system element; witch with
its actual performance limits the transit.
Bottleneck — is from the aspect of
management an important factor of
managing the entire network, and depends
on the transit capacity (amount of gas per
time unit such as m’/day) reduced by the
time of repairs and maintenance.

From those points of view is the
bottleneck the transit network of Ukraine.
Slovakia still got some spare capacities for
a potential increase of transit amounts.
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UMS — uzke miesto systému

P; — je prepravny vykon useku J za ¢asovl
jednotku T [m’/T]

Tl — je prestoj systému zapriineny
opravami a udrzbou [%]

T — Casova jednotka [den, hodina]

SR

UMS = min{P,(1-T1)}
J

UMS - system bottleneck

P; — is the transit capacity of section J for
the time unit T [m®/T]

TI — is the time delay caused by repairs and
maintenance [%]

T — time unit [day, hour]

Tranzit cez SR

Ukrajina

s

< gl

Rakusko

Obr. 2 Funkcia Slovenska v tranzitnom systéme
Fig. 2 Function of Slovakia in the transit system

Ak sa pozrieme na tranzit plynu cez
SR ako na prvok logistickej siete potom
tento prvok realizuje C¢innosti prepravy
a skladovania. Ak sa pozrieme na tieto
¢innosti  z hladiska metaprocesov 2],
procesy mozeme rozdelit podla zmeny
parametrov pohybujuicej sa substancie na:

a) spracovanie — kedy pri realizacii
dochadza k zmene kvantitativnych
a kvalitativnych parametrov,
prepravy — dochadza ku zmene
parametrov polohy,
kumulacie -
kvantitativne  ani
parametre,  ani
parameter Casu.

Operéacia spracovanie je vyrobna
operacia, operacia prepravy a kumulacie je
logistickd  operacia. Hlavné Cinnosti
tranzitu su preprava a kumuldcia, preto
tranzit plynu mozZno povazovat za
logistickl ¢innost’ a firmu tranzit SPP za
logisticki.  Vynimku  tvori  operacia
kompresie plynu, ta by sa mohla
povazovat' za vyrobna operaciu, ale jej
tloha je zabezpecit prepravu.

b)

nemenia sa
kvalitativne
poloha, iba

c)
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Then this element performs the
activities of transport and storing. If we
look at these processes from the aspects of
meta-processes [2], the processes can be
divided by the change of parameters of the
moving substance into:

a) Processing — when during the
actual activity there is a change of
quantitative and qualitative
parameters.

Transport —when during the activity
there is a change of location
Accumulation - when during the
actual activity there is no change of
quantitative and qualitative
parameters, nor of location, but
only of the time parameter.

The activity of processing is a
production operation; the activities of
transport and accumulation are logistics
operation. The main activities of transit are
transport and accumulation, thus the gas
transit can be considered being a logistics.

b)
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Obr. 3 Cast potrubia ako logisticky prvok

Fig. 3 A section of the pipe as a logistics element

Potrubny systém z hladiska logistiky
je dopravny prostriedok, ale sacasne
zasobnik. Ma jeden vstup z Ukrajiny, tri
vystupy, smery - Rakusko, Cesko,

Slovensko — distribu¢na siet’ (obr. 2).
3. MIKROLOGISTICKE HCADISKO

Vnutornu Struktiru funkcii tvoria :
a) kompresorové stanice
b) potrubia
c) ventily.

a) Tok vznika vzdy medzi dvomi bodmi
o rozdielnych potencidlov (vznika rozdiel
potencidlov) v danom pripade tlakoch [1].
Kompresorové stanice zvySuja tlak plynu,
¢im zabezpeCuji jeho pohyb k dalsej
kompresorove;j stanici, resp. miestu odberu

b) icami si segmentované cca kazdych
20 - 25 km. Po uzemi SR preprava sa
uskuto¢niuje po Styroch resp. piatich
potrubiach @ 1200 a 1400 mm. T,.
prepravny systém je paralelny systém
obsluhy. Potrubia su dopravny prostriedok
a zaroven zasobnik plynu, zasoba zavisi
od tlaku v potrubi a dizke potrubia

O=d.(Pp—Ppin). §

Q — mnozstvo plynu v potrubi [m’],
d — dizka potrubia [m],

P, —tlak v potrubi [kPa],

Pmin- minimalny pracovny tlak [kPa],
S — prierez [m?].

o

operacia prepravy - OP
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The pipe system from the logistics
point of view is a mean of transportation,
but at the same time a storage facility. It
has one entrance from Ukraine, three exits
into Austria, Czech Republic, Slovakia —
distribution network (Fig.2).

3. MICRO-LOGISTICS ASPECT

The inner structure of facilities are
composed of:
a) compressor station
b) pipes
c¢) valves

a) The flow starts always between two
points of different potential (a difference of
potentials initiates) in the given example
the pressures [1]. Compressor stations rises
the gas pressure, hence providing its
movement to next compressor station, or
alternatively to the place of consumption.

b) The pipes between compressor
stations are segmented by roughly 20 — 25
km. In Slovakia territory the transit is
performed by four or five pipelines @ 1200
a 1400 mm. That means that the pipeline is
a parallel service system. The pipelines are
means of transportation and at the same
time the gas storage facility, where the
storage capacity depends on the pressure in
the pipeline and its lengths.

O=d.(Po—Puiy). S

Q — the amount of gas in the pipeline [m’],
d — the lengths of the pipeline [m],
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Potrubia sa daju v urCitych miestach P, — the pressure in the pipeline [kPa],
navzajom prepajatt atym urCity jeden Pmin- minimal work pressure [kPa],
segment (cca 40 - 45 km) v pripade S — diameter [m?].
poruchy, udrzby sa da vyclenit’ docasne
Z prepravy. The pipelines can be mutually

interconnected, and that by a specific
segment (circa 40 - 45 km long) can be in
the case of breakdown or maintenance
temporarily put out of the commission.

<+ — >
<4— kompresorova kompresorova ::
4—| stanica / A

>+ —> <+ /

-« —>

Obr. 4 Potrubny systém tranzitu ako paralelny systém obsluhy
Fig. 4 The gas transit system as parallel service system

A

A

R f
/ T e

OP
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Obr. 5 Prepojenie potrubi tranzitnych plynovodov
Fig. 5 The interconnection of pipelines of gas transit

Prepravené mnozstvo plynu je dané The transported amount of gas is given:
PM=S8.1. P, PM=5,1.P,

t.j. aj keby kompresorova stanica prestala that means that even if a compressor

pracovat’ na ur€ity ¢as, kym klesne tlak na station would stop working for a certain

Pmin preprava pokracuje. time, until the pressure drops to certain

Puin level, the transport still continues.
Preprava je proces, t.J. ak nie je odber

— plyn sa neprepravuje. Jedno potrubie The transport is a process which means if
medzi dvoma kompresorovymi stanica sa there is no consumption; the gas is not
¢leni a da sa rozdelit’ ako sériovy systém being transported. One pipeline
obsluhy.

43




D.Malindzak, P.Janocko LOGISTIKA TRANZITU PLYNU ...

T&L — 8/05

Prepravny vykon je dany su¢tom vykonov
v jednotlivych potrubiach.

between two compressor stations can be
classified as serial service system.

The transport performance is given by the
sum of performances of all individual
pipelines.

20 km 20 km 20 km 20 km
k k S
ompresor '7 » 7— l 7 H ompresor
Tin Ty T2 T

Obr. 6 Potrubie ako sériovy systém obsluhy
Fig. 6 The pipeline as a serial service system

Vykon tranzitu V, = ZV,,,.

Vpi — prepravny vykon v jednotlivych
potrubiach

Prepravny vykon je dany priepustnostou
uzkeho miesta

Transit capacity V, = Z K

Vpi — transit performance in individual
pipelines

The transit performance is given by the
throughput of the bottleneck.

V, =min{T, |

VP' = mi {71"’} i=l,.n "
i=l,..n
4. TRANZIT PLYNU Z HLADISKA 4. MICRO-LOGISTICS ASPECT
KOMERCNEJ LOGISTIKY
Distribucia v SR
Zakaznik / 3
©R
i Tranzit cezSR |« \ Zakazky
)
Zakaznik
Rakusko

Obr. 7 Tranzit z hladiska komercnej logistiky

Fig. 7 Transit from the aspect of commerce logisitcs
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Tranzit z hl'adiska obchodu sa chova
ako ,Cierna skrinka“. Plyn, ktory si kupi
zakaznik (ako tovar) mu prepravi napr.
z ukrajinskej hranice napr. do Rakuska.

Tovar — plyn je definovany mnozstvom

a Casom, za ktory je ho potrebné prepravit’
amiestom odberu. Cena zavisi na
objednanie kapacite, na mieste vstupu
a vystupu z prepravnej sustavy.
Virtualne sa distribucia (Cierna skrinka)
chova ako ,distribu¢ny uzol* o uicitej
kapacite, ktoru je schopny prepravit plyn
vo v8etkych smeroch, t. j. fiktivne aj napr.
z Rakuska na Slovensko, ale fyzicky tok
plynu ide vzdy v smere Ukrajina —
Slovensko — Rakusko.

Tento pristup neumoziuje chapanie
tranzitu ako urcitej kapacity. Ak napriklad
sa uskutoéni tranzit Rakusko — SR — CR
0 mnozstve M; prepravované mnozstvo
pre Rakusko sa znizi o M, a prepravované
mnozstvo do CR sa zvysi o M, a pod.

Ekonomické podmienky zakaznikov
zavisia na objednanej kapacite a dizke
trvania kontraktu. Zakaznici mdézu mat
objemové rabaty.

5. MOZNOSTI
TRANZITU PLYNU

MODELOVANIA

VysSie uvedeny pristup umoziuje
transformovat’ tranzit plynu ako systém
hromadnej obsluhy. Pretransformovat’ ho
zo spojit¢ho readlneho fungovania na
abstraktné diskrétny systémy.

Pre takéto systémy nie je mozné pouzit’
analytické modely platné pre systémy
hromadnej obsluhy. Zlozitost' Struktury
a vzajomné vézby jednotlivych prvkov je
mozné modelovat pomocou simula¢nych
systémov ako su WITNES, EXTEND
a pod.

Simulaciou vieme najst optimalne
parametre  systému  atieto  vyuzit
v prognozovani, planovani, operativnom
a dispecerskom riadeni tranzitu plynu.

Simuléciou vieme najst optimalne
parametre  systému  atieto  vyuzit
v prognézovani, plénovani, operativhom
a dispecerskom riadeni tranzitu plynu.

45

The transit acts from the business
aspect as a ,,black box“. The gas that is
bought by the customer (as goods) is being
transferred for example from Ukraine
border for example into Austria.

Goods — the gas is defined by the

quantity and the time, within which it is
necessary to transfer the gas in the place of
its final consumption. The price depend on
the order capacity, entry point or nor the
exit point.
Virtually the distribution (black box)
behaves as a ,,distribution knot* of certain
capacity, where the gas is able to transfer
into all  direction, which  means
hypothetically for example from Austria
into Slovakia, but the actual gas flow
follows always the Ukraine — Slovakia —
Austria direction.

This approach does not allow
understanding the transit as a certain
capacity. If for example the transit Austria
— SR — CR has been done of M, quantity,
the transported amount for Austria
decreases by M; and the transported
amount into CR increases by M, or etc. .

The economic condition customers are
depend on the order amount and stability
of the contract.

5. THE POSSIBILITIES OF GAS
TRANSIT MODELLING

The above mentioned approach enables
to transform the gas transfer into a multiple
service system. To transfer the actual
continual performance into an abstract
discrete-event system.

For such systems it not possible to
apply analytical models valid for multiple
service systems. The structure complexity
and relationships among the individual
elements is possible to model using
simulation systems such as WITNES,
EXTEND etc..

Using the simulation we can find the
optimal parameters of the system and
subsequently wuse it for forecasting,
planning as well as in the operative and
control gas transit management.
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6. ZAVER

V ¢lanku  je  popisany  pristup
k transformdcii tranzitu plynu na procesy
distribu¢nych systémov hromadnej obsluhy
a k vytvoreniu jeho abstraktného makro
a mikrologistického modelu ako aj modelu
z hladiska  komer¢nej  logistiky. Je
pokusom ako namodelovat’ tranzit plynu
do formy simula¢ného modelu.

6 CONCLUSION

This article describes the approach to
transformation of gas transit into processes
of distribution and multiple service
systems and to the creation of its abstract
macro and micro-logistics model as well as
model considered from the aspect of
commerce logistics. It is an attempt to
model the gas transit into form of

simulation model.

Tento clanok je castou rieSeného grantovych projektov ¢. 1/0363/03 — Logistika prepravy
a uskladriovania uhlovodikov ako sucast strategiskej logistiky materialovych tokov Eubpy

a Slovenskej republiky.
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