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UREBIVACKA POLITIKA

Casopis Energija znanstveni je i stru¢ni ¢asopis
s dugom tradicijom viSe od 50 godina. Pokriva
podrucje elektroprivredne djelatnosti i energet-
ike. éasopis Energija objavljuje izvorne znanst-
vene i strucne ¢lanke Sirokoga podrucja interesa,
od specifiénih tehni¢kih problema do globalnih
analiza procesa u podrucju energetike.

U vrlo Sirokom spektru tema vezanih za funk-
cioniranje elektroprivredne djelatnosti i opcenito
energetike u trziSnim uvjetima i opcoj global-
izaciji, Casopis ima poseban interes za specificne
okolnosti ostvarivanja tih procesa u Hrvatskoj i
njezinu regionalnom okruzenju. Funkcioniranje
i razvoj elektroenergetskih sustava u sredisnjoj i
jugoistocnoj Europi, a posljedi¢no i u Hrvatskoj,
optereceno  je  mnogobrojnim  tehnicko-
tehnoloskim, ekonomskim, pravnim i orga-
nizacijskim problemima. Namjera je Casopisa da
postane znanstvena i stru¢na tribina na kojoj ¢e
se kriti¢ki i konstruktivno elaborirati navedena
problematika i ponuditi rjesenja.

Casopis je posebno zainteresiran za sljedecu
tematiku: opca energetika, tehnologije za proiz-
vodnju elektri¢ne energije, obnovljiviizvoriizastita
okoliSa; koriStenje i razvoj energetske opreme
i sustava; funkcioniranje elektroenergetskoga
sustava u trzisnim uvjetima poslovanja; izgrad-
nja elektroenergetskih objekata i postrojenja;
informacijski sustavi i telekomunikacije; restruk-
turiranje i privatizacija, reinZenjering poslovnih
procesa; trgovanje i opskrba elektricnom en-
ergijom, odnosi s kupcima; upravljanje znanjem
i obrazovanje; europska i regionalna regulativa,
inicijative i suradnja.

Stranice Casopisa podjednako su otvorene iskus-
nim i mladim autorima, te autorima iz Hrvatske
I inozemstva. Takva zastupljenost autora osigu-
rava znanje i mudrost, inventivnost i hrabrost, te
pluralizam ideja koje ce Citatelji Casopisa, vje-
rujemo, cijeniti i znati dobro iskoristiti u svojem
profesionalnom radu.

EDITORIAL POLICY

The journal Energyis a scientific and profession-
al journal with more than a 50-year tradition.
Covering the areas of the electricity industry
and energy sector, the journal Energy publishes
original scientific and professional articles with
a wide area of interests, from specific technical
problems to global analyses of processes in the
energy sector.

Among the very broad range of topics relating
to the functioning of the electricity industry and
the energy sector in general in a competitive
and globalizing environment, the Journal has
special interest in the specific circumstances
in which these processes unfold in Croatia and
the region. The functioning and development of
electricity systems in Central and South East
Europe, consequently in Croatia too, is bur-
dened with numerous engineering, economic,
legal and organizational problems. The inten-
tion of the Journal is to become a scientific and
professional forum where these problems will
be critically and constructively elaborated and
where solutions will be offered.

The Journal is especially interested in the fol-
lowing topics: energy sector in general, elec-
tricity production technologies, renewable
sources and environmental protection; use and
development of energy equipment and systems;
functioning of the electricity system in competi-
tive market conditions; construction of electric
power facilities and plants; information systems
and telecommunications; restructuring and
privatization, re-engineering of business pro-
cesses; electricity trade and supply, customer
relations, knowledge management and train-
ing; European and regional legislation, initia-
tives and cooperation.

The pages of the Journal are equally open to
experienced and young authors, from Croatia
and abroad. Such representation of authors
provides knowledge and wisdom, inventiveness
and courage as well as pluralism of ideas which
we believe the readers of the Journal will appre-
ciate and know how to put to good use in their
professional work.



Postovani citatelji!

Pred sobom imate novi, tredi, broj asopisa Energija u
2008. godini. Energetski sektor danas obiluje vrlo in-
teresantnim temama za stru¢nu i znanstvenu javnost i
to u nizu razliCitih aspekata pocevsi od restrukturiranja
energetskog sektora, strategija razvoja, izgradnje ve-
likih energetskih infrastrukturnih projekata te zastite
okoliSa. Struktura tema podjednako je zanimljiva za
svaku zemlju posebno kao i za regiju, odnosno skupinu
zemalja. Nema sumnje da Ce se razmatranja o ener-
getskom sektoru intenzivirati u jugoistocnoj Europi, a
napose u Hrvatskoj, pa vas pozivamo da iznesete svoja
razmisljanja ko i rezultate istrazivanja o bilo kojem bit-
nom aspektu energetskog sektora.

U ovom broju Casopisa Energija objavljujemo Clanke koji
su na odredeni nacin vezani uz globalni energetski te
elektroenergetski sektor, a isto tako i clanke iz pojedinih
specijalisti¢kih podrucja elektrotehnike:

— Liberalizacija trzista elektricne energije - ispunjava
li ocekivanja?

— Rad fotonaponskog parka na otoku Kreti,

— Procjena rizika stradavanja radnika distribucije,

— Napon nul-vodi¢a mreZe niskog napona za vrijeme
zemljospoja u mrezZi srednjeg napona,

— Smanjenje udarnih  struja  uklopa
energetskog transformatora.

trofaznog

U prvom ¢lanku u ovom broju ¢asopisa Energija iznesena
je jedna analiza uspjesnosti reforme elektroenergetkog
sektora. Naime, kako je to u ¢lanku i naglageno, osnovni
deklarativni cilj reformi industrije elektricne energije,
odnosno liberalizacije trzista elektricne energije, bio je i
jest podizanje djelotvornosti elektroenergetskog sektora,
prije svega radi povec¢anja konkurentnosti gospodarstva.
0d liberalizacije trzista elektricne energije ocekivalo se:
snizenje cijena elektricne energije, podizanje razine us-
luge, smanjivanje razlike u cijenama medu drzavama,
mogucnost biranja opskrbljivaca za svakog kupca i
povecanje ucinkovitosti sektora kroz smanjenu potre-
bu za izgradnjom i odrZzavanjem rezervnih kapaciteta.
U radu se tako istrazuje i analizira koliko su navedeni
ciljevi liberalizacije trZista elektricne energije ostvareni i
ostvarivi, koliko je uspjesan pomak organizacijske struk-
ture industrije elektri¢éne energije od monopolske pre-
ma konkurencijskoj, odnosno ispunjava li liberalizacija
trzista elektri¢ne energije oCekivanja.

0d profesora Papazogloua s Electrical Engineering De-
partment Technological Educational Institute (TEI) na
otoku Kreti stize nam novi ¢lanak koji opisuje perfor-
manse jedne izgradene fotonaponske elektrane vréne
snage 170 kWp. Rad fotonaponskih ¢elija anailiziran je ti-

UvOD

Dear Readers,

You have before you the third issue of the journal Energija for
the year 2008. Today, the energy sector abounds in highly in-
teresting topics for the professional and scientific public, in-
cluding the restructuring of the energy sector, development
strategy, the construction of large energy infrastructure proj-
ects and environmental protection. These topics are equally
interesting for each country individually as well as for a region
or group of countries. Undoubtedly, discussions concerning
the energy sector will intensify in South Eastern Europe, espe-
cially Croatia, and therefore we invite you to present your ideas
and research results on any aspect of the energy sector.

In this issue of the journal Energija, we are publishing articles
that in a specific way are connected with the global energy and
electrical energy sectors, as well as articles from individual
specialized areas of electrical engineering:

— Liberalization of the Electricity Market - Is It Meeting
Expectations?

— The Performance of a Photovoltaic Park on the Island of
Crete,

— Assessment of Risk to Distribution Workers,

— The Neutral Conductor Voltage in a Medium-Voltage
Network during a Ground Fault,

— Reduction of the Inrush Currents of Three-Phase Power
Transformers.

In the first article in this issue of the journal Energija, an
analysis is presented of the degree of success that has been
achieved by reforms of the electrical energy sector. As particu-
larly emphasized in the article, the fundamental declarative
goal of the reform of the electricity industry, i.e. liberalization
of the electricity market, has been to raise the efficiency of the
electrical energy sector, primarily for the purpose of increas-
ing the competitiveness of the economy. The expectations from
the liberalization of the electricity markets included the lower-
ing of electricity prices, raising the level of services, reducing
the level of prices among countries, the opportunity for each
customer to choose a supplier, and increasing the efficiency of
the sector through reducing the need for building and main-
taining reserve capacities. On the basis of investigation and
analysis, an assessment is presented of the extent to which
the aforementioned goals of the liberalization of the electricity
market have been achieved and how successful the shiftin the
organizational structure of the electrical power industry from
monopolistic to competitive has been, i.e. whether the liberal-
ization of the electricity market has met expectations.

A new article has arrived from Prof. Papazoglou of the Elec-
trical Engineering Department, Technological Educational
Institute (TEI) of Crete, describing the performance of a pho-
tovoltaic park with a peak power of 170 kWp. The operation of
the photovoltaic park was analyzed over the period of a year.



jekomgodinedanapase natemelju rezultataizracunavao
stupanj djelovanja (performance ratio) te razliciti gubici
snage (temperaturni, oneciséenje, unutarnji gubici u
mrezi, energetska elektronika, raspoloZivost i meduspoj
mreze). Ne treba posebno spominjati kako su rezultati

navedeni u ¢lanku vrlo zanimljivi.

U ovom broju ¢asopisa Energija imamo i temu vezanu
uz analizu rizika stradavanja radnika na odrzavanju
postrojenja srednjeg napona distribucijske tvrtke koja

dolazi od autora koji je i zaposlen u distribucijskoj tvrtki.
Clanak je proizadao je iz niza istraZivanja (povrede na
radu, vrijeme na odrZavanju postrojenja, kvarovi sa zem-
ljom i kvarovi uzemljivaca) i predstavlja skup svih priku-
pljenih relevantnih informacija o ugrozi radnika.

Clanak je interesantan i poradi toga $to je nagladena
potreba analize mogucih dogadaja unaprijed, ¢ime se
potencijalne opasnosti koje mogu ugroziti zdravlje i Zivot
radnika za vrijeme rada na odrzavanju prakticki kvan-
tificiraju. Upravljanje takvim rizicima postat ce sve vise
zadaca svih tvrtki, i iz iz humanih razloga, kao i iz razloga
smanjenja troskova pogona i odrzavanja.

Clanak kategoriziran kao izvorni znanstveni clanak
obraduje temu vezanu uz zemljospoj u trafostanici sred-
nji napon/niski napon. Naime, od svih zemljospojeva
koji se mogu pojaviti u mreZama srednjeg napona sa
stanoviSta sigurnosti ljudi i opreme najproblematicniji
je zemljospoj u trafostanici srednji napon/niski napon s
obzirom da je uzemljivacki sustav mreze niskog napona
direktno povezan s uzemljivacem trafostanice pa se sva-
ko povecanje potencijala uzemljivaca trafostanice direk-
tno prenosi preko nul-vodica u instalaciju potrosaca. U
radu je prezentiran racunski model za analizu napona
nul-vodi¢a u realnim distribucijskim mreZzama te je
prikazana analiza dvije karakteristi¢ne distribucijske
mreZe poloZene na kraskom terenu. Poseban dopri-
nos predstavlja i usporedba s rezultatima mjerenja na
terenu.

Posljednji ¢lanak u kojemu je opisan jedan matematicki
model uklopa trofaznog transformatora uz uracunate
efekte petlje histereze i zaostalog magnetskog toka.
Naime, udarne struje koje se javljaju prilikom uklopa
energetskog transformatora mogu doseci vrlo velike
iznose te uzrokovati mnogobrojne probleme u elek-
troenergetskom sustavu. Takoder je opisan i sustav za
mjerenje zaostalog magnetskog toka na osnovi mjeren-
ja napona prethodnog isklopa, pa je u radu predlozen
i algoritam za odredivanje najpovoljnijeg trenutka uk-
lopa. Posebno vazan zakljucak u radu je da predlozeno
rieSenje eliminira pojavu udarnih struja koje su vece od
iznosa nazivne struje transformatora.

Clanke u ovom broju ¢asopisa Energija potpisuje deset
autora iz sveuciliSne zajednice, ali i iz prakse, Sto je, sas-
vim sigurno, rezultiralo i kvalitetnim ¢lancima.

Glavni urednik:
Mr. sc. Goran Slipac

On the basis of the results, the performance ratio and various
power losses (temperature, soiling, internal network, power
electronics, grid availability and interconnection) were calcu-
lated. Needless to say, the results presented in this article are
of great interest.

In the current issue of the journal Energija, we also have a
topic connected with the analysis of the risk of worker injury in
specific facilities of medium-voltage distribution companies,
written by an author who is employed by a distribution compa-
ny. The article is the result of a series of investigations (injuries
atwork, time spent on equipment maintenance, ground faults
and failures in the grounding system), and represents all the
relevant information collected on the hazards to workers. The
article is also interesting because it underscores the need for
analyzing the potential events in advance, so that eventual
hazards that can endanger the health and life of workers dur-
ing working hours can be quantified. Such risk management
will become an increasingly important task for all companies,
both for humane reasons as well as reducing the costs of
equipment and maintenance.

An article categorized as an original scientific paper discusses
a topic connected with ground faults in medium-voltage/low-
voltage substations. Of all the ground faults that can occur in
medium-voltage networks, from the standpoint of human and
equipment safety the most problematic is a ground fault in
a medium-voltage/low-voltage substation since the ground-
ing system of a low-voltage network is directly connected to
the grounding electrode of the substation and each increase
in the potential of the grounding electrode of the substation
is directly transmitted via the neutral conductor into the cus-
tomer’s installation. A computer model for the analysis of the
neutral conductor voltage in actual distribution networks is
presented, with an analysis of two characteristic distribution
networks located on karstic terrain. A particular contribution
is represented by the comparison of the results of the comput-
er model with the results of measurements on the terrain.

The last article presents a description of a mathematical
model of the energization of a three-phase power transformer
with the calculated effects of hysteresis and remanent mag-
netic flux. The inrush currents that occur during the energiza-
tion of a three-phase power transformer can reach very high
values and cause many problems in an electrical power sys-
tem. A system for the measurement of remanent magnetic
flux based upon the measurement of the integration of the
secondary voltage during the previous de-energization is de-
scribed, and an algorithm is presented for the determination
of the optimal instant of energization. A particularly important
conclusion in the article is that the proposed solution elimi-
nates the occurrence of inrush currents which are greater
than the values of the rated transformer current.

The articles in this issue of the journal Energija are signed by
ten authors from academia as well as the field, which has cer-
tainly resulted in quality presentations.

Editor-in-chief:
Goran Slipac, MSc



. LIBERALIZACIJA TRZISTA
ELEKTRICNE ENERGIJE — ISPUNJAVA
LI OCEKIVANJA?

LIBERALIZATION OF THE ELECTRICITY
MARKET - IS IT MEETING
EXPECTATIONS?

Ivan Tominov, Zagreb, Hrvatska

Osnovni deklarativni cilj reformi industrije elektricne energije, odnosno liberalizacije trzista elektricne energije,
bio je i jest, podizanje djelotvornosti elektroenergetskog sektora, prije svega radi povecanja konkurentnosti gos-
podarstva. Od liberalizacije trzista elektricne energije ocekivalo se: snizenje cijena elektricne energije, podizanje

razine usluge, smanjivanje razlike u cijenama medu drzavama, mogucnost biranja opskrbljivaca za svakog kupca i
povecanje ucinkovitosti sektora kroz smanjenu potrebu za izgradnjom i odrzavanjem rezervnih kapaciteta.

U ovom radu istrazuje se i analizira koliko su navedeni ciljevi liberalizacije trzista elektricne energije ostvareni i
ostvarivi, koliko je uspjesan pomak organizacijske strukture industrije elektricne energije od monopolske prema

konkurencijskoj, odnosno ispunjava li liberalizacija trZista elektricne energije ocekivanja. Temeljem procjene odno-
sa troskova i koristi od liberalizacije trzista elektricne energije moze se reci da liberalizacija nece ostvariti glavni
cilj zbog kojeg je pokrenuta, a to je snizenje cijene elektricne energije. Nije ostvaren ni cilj izjednjacavanja cijena,
jer i dalje egzistira velika razlika u cijenama elektricne energije medu drzavama. Nema signifikantnog pomaka
organizacijske strukture industrije elektricne energije od monopolske prema konkurencijskoj. Pozitivni pomaci
ucinjeni su na podizanju razine kvalitete usluge, povecanju ucinkovitosti sektora kroz smanjenu potrebu za izgrad-
njom i odrzavanjem rezervnih kapaciteta i u formalnom otvaranju trzista. Ovi nalazi istrazivanja potvrduju hipotezu
iznesenu u Uvodu da glavni ciljevi liberalizacije trzista elektricne energije nisu ostvareni, pa se moze konstatirati da
liberalizacija tr7ista elektri¢ne energije ne ispunjava ocekivanja. Sto viSe, prema sadanjem stanju reformi i prema
tendencijama u tim procesima ti ciljevi, onako kako su na pocetku reformi zamisljeni i zacrtani, nisu ni ostvarivi.
The fundamental declarative goal of the reform of the electrical power industry, i.e. the liberalization of the elec-
tricity market, has been and remains to raise the efficiency of the electrical power sector, primarily for the purpose
of increasing the competitiveness of the economy. The following had been expected from the liberalization of the
electricity market: reduction in the price of electricity, improvement in the level of service, reduction in the differ-
ences in prices among countries, the option for each customer to choose a supplier, and an increase in the efficien-
cy of the sector by reducing the need for the construction and maintenance of reserve capacities.

This work presents an investigation and analysis of the extent to which these goals for the liberalization of the
electricity market have been achieved and are achievable, how successful the shift has been from a monopolistic
organizational structure of the electrical power industry to a competitive structure, i.e. whether the liberalization
of the electricity market has met expectations. Based upon assessment of the cost-benefit ratio from the liberal-
ization of the electricity market, it can be said that liberalization will not achieve the primary goal for which it was
initiated, which is reduction of the price of electricity. The goal of making prices uniform was also not achieved
because there are still great differences in the prices of electricity among countries. There has been no significant
shift in the organizational structure of the electrical power industry from monopolistic to competitive. Positive shifts
have been achieved in raising the level of the quality of services, increasing the efficiency of the sector by reduc-
ing the need for the construction and maintenance of reserve capacities, and in the formal opening of the markets.
These research findings confirm the hypothesis presented in the introduction to this work that the primary goals of
the liberalization of the electricity markets have not been achieved. It can be concluded that the liberalization of the
electricity market has not fulfilled expectations. Moreover, according to the current status of the reforms and the
tendencies in these processes, these goals have not been achieved in the manner in which the initial reforms were
imagined and defined.

Kljucne rijeci: deregulacija, liberalizacija, regulacija, trziste elektricne energije

Key words: deregulation, electricity market , liberalization, regulation
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uvoD

Elektricna energija kao sveprisutan i gotovo ne-
zamjenjiv energent, sluzi zadovoljenju mnogih,
poglavito elementarnih potreba u svim podruc-
jima Zivota. TroSak elektri¢ne energije sastavni
je dio troskova izrade svih proizvoda i usluga
i troSkova zivota. Znaci da cijena elektricne
energije direktno i indirektno odreduje razinu
Zivotnog standarda. Direktno kroz potroSnju
elektri¢ne energije u kuc¢anstvima, a indirektno
preko cijena svih proizvoda i usluga. Na cijenu
elektri¢ne energije u znatnoj mjeri utjece efika-
snost poslovanja elektroenergetskog sektora.
Upravo teznja za vecom efikasnoscu osnovni je
pokretac reformi u industriji elektricne energije
diljem svijeta.

U elektroenergetskom sektoru tradicionalno
su dominirali monopoli. Tako je funkcionirala
industrija elektri¢ne energije sve do pocetka
1990-ih godina, kad je ovaj sektor (kao i sektori
transporta i telekomunikacija), potpomognut
opéim trendom deregulacije, poCeo odmicati
od monopolisticke strukture prema vise kon-
kurencijskoj.

Osnovni deklarativni cilj poduzetih reformi, od-
nosno liberalizacije trzista elektricne energije,
bio je | jest podizanje djelotvornosti elektroe-
nergetskog sektora, prije svega radi povecanja
konkurentnosti gospodarstva. Od liberalizacije
trzista elektri¢ne energije oCekivalo se: snize-
nje cijena elektri¢ne energije, podizanje razine
usluge, smanjivanje razlike u cijenama medu
drZavama, mogucnost biranja opskrbljivaca za
svakog kupca i povecanje ucinkovitosti sektora
kroz smanjenu potrebu za izgradnjom i odrza-
vanjem rezervnih kapaciteta.

U ovom radu nastoji se istraziti, analizom pro-
cesa reformi industrije elektricne energije u
svijetu, koliko su navedeni ciljevi liberalizacije tr-
Zista elektri¢ne energije ostvareni i ostvarivi, ko-
liko je uspjesan pomak organizacijske strukture
industrije elektricne energije od monopolske
prema konkurencijskoj, odnosno ispunjava li
liberalizacija trZista elektricne energije oCeki-

vanja.

Rad je strukturiran tako da se nakon Uvoda iz-
nose teoretski aspekti liberalizacije trziSta elek-
tricne energije. Tu se uz definiranje osnovnih
pojmova trzista obraduje trziSni mehanizam i
elasti¢nost potraznje elektri¢ne energije. Na kra-
ju se iznose teoretski argumenti za deregulaciju i
liberalizaciju.

U tre¢em dijelu analiziraju se procesi reforme
industrije elektricne energije, odnosno razvoj

INTRODUCTION

Electricity as an omnipresent and nearly irreplacea-
ble energy source serves to meet many needs, some
of which are elementary, in all areas of life. Electricity
costs are an integral part of the costs of producing
all products and services, as well as living expenses.
This means that the price of electricity directly and in-
directly determines the level of the standard of living,
directly through electricity consumption in househol-
ds and indirectly through the prices of all products
and services. The price of electricity is significantly
influenced by the efficiency of the operations of the
electrical power sector. The aspiration to increase
efficiency has actually been the basis for initiating
reforms in the electrical power industry throughout
the world.

Monopolies have traditionally dominated the elec-
trical power sector. This is how the electrical power
industry functioned until the early 1990s, when this
sector (as well as the transport and telecommunica-
tions sectors) began, within the general trend toward
deregulation, to move away from the monopolistic
structure toward greater competitiveness.

The fundamental declarative goal of the undertaken
reforms, i.e. the liberalization of the electricity mar-
ket, has been and remains to raise the efficiency of
the electrical power sector, primarily for the purpo-
se of increasing the competitiveness of the economy.
The following had been expected from the liberaliza-
tion of the electricity market: reduction in the price
of electricity, improvement in the level of service, re-
duction in the price differences among countries, the
option for each customer to choose a supplier, and
anincrease in the efficiency of the sector by reducing
the need for the construction and maintenance of re-
serve capacities.

In this work, through an analysis of the processes
of the reform of the electrical power industry in the
world, an attempt is made to assess the extent to
which the stated goals of the liberalization of the
electricity market have been and are being achieved,
and how successful the shift in the organizational
structure of the electrical power industry has been
from monopolistic toward competitive, i.e. whether
the liberalization of the electricity market has fulfi-
lled expectations.

The present article is structured in such a manner
that following the introduction, the theoretical as-
pects of the liberalization of the electricity market are
presented. In addition to defining the basic market
concepts, market mechanisms and the elasticity of
electricity demand are analyzed. In the conclusion,
theoretical arguments are presented for deregulati-
on and liberalization.
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trzista elektricne energije u svijetu. Nagla-
sak je stavljen na stvaranje unutarnjeg trzista
elektri¢ne energije u Europskoj uniji, jer je to
asocijacija kojoj mi tezimo, uz poseban osvrt na
tranzicijske zemlje, SAD i Hrvatsku.

U Cetvrtom dijelu obrazlaze se nuznost pove-
¢ane regulacije u novim uvjetima poslovanja i
analiziraju se novi oblici regulacije u elektroe-
nergetskom sektoru.

U petom dijelu razmatraju se problemi koji sto-
je na putu brZeg i uspjeSnijeg otvaranja trzista
elektri¢ne energije, procjenjuje odnos troSkova
i koristi i analiziraju efekti liberalizacije trzista
elektricne energije.

Na kraju se iznose zaklju¢na razmatranja o
procesima reformi industrije elektricne energi-

je i njihovoj perspektivi.

TEORETSKI ASPEKTI
LIBERALIZACIJE TRZISTA
ELEKTRICNE ENERGIJE

Uvod
Makroekonomika se bavi opéom ravnotezom
gospodarstva kao cjeline, dovodedi u ravnotezu
makroekonomske pokazatelje, kao Sto su
inflacija, nezaposlenost i cijena kapitala.
Mikroekonomika se bavi optimalizacijom
ponasanja potrosaca i proizvodaca te analizira
ravnotezu cijena i koli¢ina | njihovu ucinkovitost
na trzistu.
Ne postoji jamstvo da ¢e slobodna trzista
nuzno dovesti do ucinkovitosti. Karakteristi-
ke trziSta elektricne energije mogu dovesti do
neucinkovitih cijena i koli¢ina. Neucinkovitost
trziSta i nametanje regulacije proizvode
drustvene gubitke.

Postoji niz tipova trzista, koji ovise o broju su-
dionika na strani ponude i na strani potraznje
i o njihovoj interakciji. U slucaju savrSene
konkurencije interakcija izmedu kupaca i
prodavaca rezultira trziSnom cijenom koja je
jednaka troSku proizvodnje zadnje prodane je-
dinice. To je ekonomski ucinkovito rjesenje. U
slucaju monopola jedan jedini prodava¢ moze
smanjiti koli¢inu dizanjem cijene iznad troska
proizvodnije.

Industrija elektricne energije obuhvaca naj-
manije Cetiri gospodarske aktivnosti: proizvod-
nju, prijenos, distribuciju i opskrbu elektricnom
energijom. Ove aktivnosti mogu biti objedinje-
ne ili odvojene. Kad su te aktivnosti objedinje-

In the third section, the processes of the reform of the
electrical power industry are analyzed, i.e. the deve-
lopment of the electricity markets in the world. Emp-
hasis is placed on the creation of an internal elec-
tricity market in the European Union because this is
an association which we aspire to join, with particular
attention to countries in transition, the United States
and Croatia.

In the fourth section, reasons are cited for the ne-
cessity of increasing regulation under the new ope-
rating conditions and there is an analysis of the new
forms of regulation in the electrical power sector.

In the fifth section, problems are discussed that are
standing in the way of the more rapid and successful
opening of the electricity markets, the cost-benefit
ratio is assessed, and the effects of the liberalization
of the electricity markets are analyzed.

At the end, final conclusions are discussed regarding
the processes of the reform of the electrical power
industry and their prospects.

THEORETICAL ASPECTS OF
THE LIBERALIZATION OF THE
ELECTRICITY MARKET

Introduction

Economics focuses upon  optimalization and
equilibrium. Macroeconomics concerns the general
equilibrium of the economy as a whole, bringing
macroeconomic indices into equilibrium, such as
inflation, unemployment and the price of capital.
Microeconomics concerns the optimalization of
consumer and producer behavior and examines
whether the balanced prices and quantities observed
on each market are economically efficient.

There is no guarantee that the free market will ne-
cessarily be led to efficiency. The characteristics of
the electricity market can lead to inefficient prices
and quantities. Inefficient markets and imposed re-
gulations produce losses for the society.

There are many types of markets, depending upon
the number of participants on the supply side and
the demand side, as well as their interaction. In the
case of perfect competition, interaction among many
customers and vendors results in a market price that
is equal to the cost of the production of the final unit
sold. This is an economically efficient solution. In the
case of a monopoly, a single vendor can reduce the
quantity, thereby driving the price above production
costs.

The electrical power industry includes at least four
economic activities: the production, transmission,
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ne na jednom trzistu onda postoji samo jedan
opskrbljiva¢ elektricnom energijom, odnos-
no monopolist. Trzista elektricne energije
odredena su ili monopolom ili kankurencijom.
Tradicionalno su u industriji elektri¢ne energije
dominirali drzavni i lokalni monopoli s regula-
cijom cijena kako bi se potaknulo ekonomski
ucinkovito ponasanije.

Trzisni mehanizam

Najjednostavniji nacin opisivanja trziSne in-

terakcije izmedu kupaca i prodavaca je da se

pretpostavi postojanje drazbe. Hipotetski, na
drazbi se obavlja sljedece:

— objavljuje raspon cijena i kupcima i
prodavacima trazedi od sudionika na trzistu
objavu koli¢ina koje su spremni kupiti ili
prodati po svakoj ponudenoj cijeni |

— odreduje cijenu koja izjednacava kolicinu
potraznje kupaca s koli¢inom koju nude
prodavaci.

Naravno, vecina trZiSta funkcionira bez to¢no
odredenog draZzbovatelja. Medutim, u mnogim
elektroenergetskim sustavima s podijeljenim
aktivnostima, neovisni operator trzista djeluje
kao drazbovatel].

Potraznja koli¢ine po svakoj odredenoj cijeni je
raspored potraznje ili, jednostavno potraznja.
Koli¢ina koja se nudi po svakoj cijeni je raspored
ponude ili, jednostavno, ponuda. Potraznja i po-
nuda graficki su prikazane na slici 1. Cijena je
prikazana na vertikalnoj osi (y), a koli¢ina na
vodoravnoj osi (x). Npr., da bi se prikazalo trziste
elektri¢ne energije, okomita os predstavlja ci-
jenu po megavat satu [MWh], a vodoravna os
predstavlja koli¢inu u [MWh].

[EVRMW h]

distribution and supply of electricity. These activities
can be bundled or separate. When these activities are
bundled, there is only one supplier of electricity, i.e.
the monopolist. Electricity markets are either mono-
polistic or competitive. Traditionally, state and local
monopolies have dominated the electrical power
industry, using price regulations to promote econo-
mically efficient behavior. In regulation, it is the regu-
lator who determines the prices.

Market mechanism
The simplest method for describing market interacti-
ons among customers and vendors is to assume the
existence of an auction. Hypothetically, the auctio-
neer does the following:

— announces the range of prices to customers and
vendors, requiring the market participants to dis-
close the amount they are prepared to purchase
or sell at each price offered and

— determines a price that equalizes the quantity of
customer demand with the quantity that the ven-
dors are offering.

Naturally, the majority of markets function without
a precisely specified auctioneer. However, in many
electrical power systems with separated activities, an
independent market operator functions as an aucti-
oneer.

The amount of the demand at each specified price
is the demand schedule or, simply, the demand. The
amount that is offered at each price is the supply
schedule or, simply, the supply. Supply and demand
are presented in the graph in Figure 1. The price is
shown on the vertical axis (y) and the quantity on the
horizontal axis (x). For example, in order to present
the electricity market, the vertical axis presents the
price per megawatt hour [MWh] and the horizontal
axis presents the quantity in MWh.
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Slika 1 — Ponuda i potraznja elektri¢ne energije [1]

Figure 1 - Electricity supply and demand [
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Na gotovo svim trZistima je vidljivo da kod pada
cijena raste potraznja koli¢ine. Kupci Zele kupiti
viSe po niZoj cijeni, a manje po visoj cijeni. Zato
krivulja potraznje biljezi pad. Na vecini trzista
se vidi da kako pada cijena, pada i koli¢ina
koja se nudi. Prema tome, krivulja ponude je
pozitivna. Krivulja ponude moZe biti na nuli
ako su opskrbljivaci u mogucnosti, zbog svojih
troSkova, ponuditi viSe proizvoda za isti trosak.

Razlikuju se promjene u potrazivanoj kolicini
zbog promjena u cijeni i pomake u potraznji.
Potraznja za elektricnom energijom moze se
mijenjati iz sata u sat tijekom dana i iz jednog
godisnjeg doba u drugo. Takoder, krivulja ponu-
de moze se mijenjati zbog promjene troskova.
TrziSna cijena i koli¢ina su u ravnotezi neko vri-
jeme ako su kupci i prodavaci zadovoljni rezul-
tatima trZista.

Elasti¢nost
Da bi se odredila proizvodnja potrebno je prvo
odrediti potraznju, odnosno funkciju potraznje
za elektricnom energijom.

Intenzitet promjene koliine nabave neke robe
na trziStu od strane potrosaca zavisno od prom-
jene cijene robe naziva se cjenovna elesti¢nost
potraznje [2]. Elasti¢nost potraznje se mani-
festira kao: direktna cjenovna, unakrsna i do-
hodovna. Isto tako kao Sto reagira potraznja
na promjenu cijene robe, reagira i ponuda, pa
se govori o elasti¢nosit ponude. Elasti¢nost se
izracunava kao odnos izmedu nastale postotne
promjene u opsegu potrazivane ili ponudene
koliCine robe i postotne promjene njene cijene.

Zbog toga $to se i potrazivana koli¢ina (Q,)
i ponudena koli¢ina (Q) mijenjaju s promje-
nom cijene, svim je sudionicima na trziStu
(uklju€ujuci regulatore) bolje ako znaju kako
se te koli¢ine mijenjaju kod promjene cije-
ne. Reagiranje koli¢ine na promjene u cijeni
je elasti¢nost cijena. Regulatori moraju znati
kako trzisne koliCine reagiraju na promjene u
cijeni, jer oni odreduju cijene kako bi postigli
ukupni ciljani prihod. Ako je odredena cijena
previsoka ili preniska, prihodi ¢e biti manji od
ocekivanih. Pogresna je pretpostavka da ce se
dizanjem cijena nuzno povecati i ukupni prihod.
Ukupni prihod ovisi o elastinosti cijene.

PotraZivana koli¢ina ((J,) u negativnom je od-
nosu prema cijeni (kad cijena raste, potraznja

pada), pa je elasticnost potraznje negativna.

Kako bi bilo odredenije:

On nearly all markets, it is evident that when the
price decreases, there is an increase in the quantity
of the demand. Customers want to buy more at a
low price and less at a high price. Therefore, the de-
mand curve registers a decline. On the majority of
markets, it is evident that when the price decreases,
the quantity offered also decreases. Accordingly,
the supply curve is positive. The supply curve can be
at zero if the suppliers are able, due to their costs, to
offer more of the product at the same cost.

Changes in the quantity of the demand occur due to
changes in the price and shifts in demand. Electri-
city demand can change from hour to hour during
the course of a day and from one season to another.
Furthermore, the supply curve can change due to
changes in costs. Market prices and quantities are
in equilibrium for a time if the customers and ven-
dors are satisfied with the market results.

Elasticity
In order to determine production, itis first necessary
to determine demand, i.e. the function of the
demand for electricity.

The intensity of the change in the quantity of the
procurement of some goods on the market on the
side of the customers, depending upon changes in
the prices of goods, is called the price elasticity of
demand [2]. The elasticity of demand is manifested
asdirect price, cross and income elasticity. Similarly,
as demand reacts to a change in the price of a good,
supply also reacts, so the elasticity of supply is
also spoken of. Elasticity is calculated as the ratio
between the percentile change in the range of the
supply or demand of a quantity of a good and the
percentile change in its price.

Therefore, since the quantity demanded (Q,) and
the quantity supplied (J)) change with a change in
price, it is better for all the market participants (in-
cluding regulators) if they know how these quantiti-
es will change when there is a change in price. The
reaction of quantities to changes in price is price
elasticity. Regulators must know how market quan-
tities react to changes in price because they deter-
mine the prices in order to achieve the total target
revenues. If a specific price is too high or too low,
revenues will be less than anticipated. It is incorrect
to assume that raising prices necessarily increases
total revenues as well. Total revenues depend upon
price elasticity.

The demanded quantity (Q,) is in a negative relation
to the price (when the price rises, demand falls), so

that the elasticity of demand is negative.

More specifically,
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gdje A predstavlja mali porast u kolicini ili cije-
ni.

Ako O, ne reagira na cijenu (kupuje se ista
koli¢ina bez obzira na male poraste ili padove
cijene), tada je elasti¢nost potraznje ravna nuli ili
potpuno neelasti¢na u Q. Ako @, dode na nulu s
bilo kakvim porastom cijene, tada je elasti¢nost
potraznje beskonacna ili potpuno elasticna.

S druge strane, zbog toga Sto ponudena koli¢ina
(Q) raste s porastom cijene, elasti¢nost ponude
je obi¢no pozitivna. Ako je promjena u O, mala,
ponuda je neelasti¢na. Ako je promjena u O, ve-
lika, ponuda je elasti¢na.

Naravno, elasti¢nost i potraznje i ponude ovise
o pocetnoj cijeni. Kod visoke cijene u ravnotezi,
potraznja moze biti elasti¢na, a ponuda moze biti
neelasti¢na zbog toga Sto:

mali padovi u cijeni mogu navesti viSe
potrosaca da udu na trziste, ali

proizvodadi mogu proizvoditi najviSe Sto
mogu bez ulaganja u nove kapacitete, pa je
promjena u ponudi mala.

Medutim, kod niske cijene u ravnotezi, potraznja
moze biti neelasti¢na, a ponuda elasticna, jer
mali padovi u cijeni nece potaknuti mnogo vecu
potrosnju, ali mogu dovesti do znacajne reakcije
u ponudi.

Reagiranje se mijenja i kroz vrijeme. Vremen-
ski pomak znatno smanjuje signifikantnost
veze izmedu cijene i opsega potraznje i ponude
elektri¢ne energije. Kako se potrosaci navikavaju
na vise cijene, tako njihovo reagiranje moze biti
elasti¢nije. Iznenadni porast cijene elektricne
energije bi potroSace mogao ostaviti s malo al-
ternativa. No, s vremenom se mogu prebaciti, na
primjer, na ucinkovitije elektricne uredaje. Na-
dalje, iznenadni porast cijene elektri¢ne energije
bi mogao dovesti do slabog reagiranja ponude
od strane proizvodaca elektri¢ne energije, ali s
vremenom bi se mogla ostvariti nova ulaganja u
proizvodne kapacitete.

Jo$ jedan razlog za promjenu reagiranja kroz
vrijeme je promjena dohotka potrosaca. Kako
dohodak potroSaca raste tako potroSaci mijen-

AP Q,

where A represents a small increase in quantity or
price.

If O, does not react to the price (the same quantity
is purchased regardless of a small increase or
decrease in price), then the elasticity of demand
equals zero or is completely inelastic in O, If O,
reaches zero with any price increase at all, then the
elasticity of demand is infinite or perfectly elastic.

From the other side, since the quantity supplied (O)
increases with an increase in price, the elasticity of
the supply is usually positive. If the change in O, is
small, the supply is not elastic. If the change in Q;is
large, the supply is elastic.

Naturally, the elasticity of both supply and demand
depends upon the initial price. In the case of high
prices in equilibrium, demand can be elastic and
supply can be inelastic, for the following reasons:

small price decreases can lure more customers
to enter the market,

however, producers can already be producing
the maximum possible without investment in
new generating capacity, so that the change in
supply is small.

Nevertheless, when low prices are in equilibrium,
demand can be inelastic and supply can be elastic
because small decreases in price will not stimulate
much higher consumption but could lead to signi-
ficant reactions in supply.

Reaction also changes over time. A temporal shift
significantly reduces the significance of the connec-
tion among price, the volume of the supply and the
demand for electricity. As customers become accu-
stomed to higher prices, their reaction can become
more elastic. A sudden price increase in electricity
could leave customers with little alternative. Ho-
wever, with time they can switch over, for example,
to more efficient electrical devices. Furthermore,
a sudden increase in the price of electrical energy
could lead to a poor reaction in supply by the electri-
city producers, but with time new investment could
be realized in generating capacity.

One more reason for a change in reaction over time
is change in customer income. When customer in-
come increases, customers change consumption
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jaju uzorke potrosnje. Taj tip reagiranja se naziva
dohodovna elasti¢nost potraznje.

Takoder, promjene u cijeni zamjenskih sredstava
(npr., unekim slucajevima prirodni plin je zamjena
za elektricnu energiju) ili komplementarnih
sredstava (npr., uredaji koji koriste elektri¢nu
energiju) mogu promijeniti  potraznju  za
elektricnom energijom. Taj tip reagiranja naziva se
unakrsna elasti¢nost potraznje. Sto je reagiranje
potraznje na druge cijene vele, to je veca
unakrsna elasticnost. Rast cijena zamjenskih
sredstava obi¢no vodi do povedanja u potraznji
elektricne energije. Ako cijena prirodnog plina
raste, potrosaci Ce radije upotrebljavati relativno
jeftiniju elektri¢nu energiju. Tu su elektri¢na en-
ergija i prirodni plin zamjenjiva sredstva. Padovi
cijene komplementarnih sredstava mogu dovesti
do porasta u potraznji elektricne energije, pa je
unakrsna elasti¢nost potraznje negativna.

ElastiCnost potraznje elektricne energije vrlo je
mala iz dva razloga:

— u jednom dijelu njenu potrosnju uopce nije
moguce zbog tehnoloskih postupaka supsti-
tuirati drugim vidovima energije,

— udrugom dijelu potrosnje upotrebne predno-
sti elektri¢ne energije su toliko velike da nju i
u tom dijelu potrosnje treba smatrati mono-
polnim dobrom.

Potraznja za elektricnom energijom nije stalna,
veé se neprestano mijenja. Velik broj potrosaca
konstantno se ukljucuje, odnosno iskljucuje iz
procesa potrosnje elektricne energije. Ipak, is-
kustvo ukazuje na izvjesne pravilnosti u nacinu
potrosnje elektricne energije, tako da se moze go-
voriti 0 satnim, dnevnim, mjesecnim i godisnjim,
odnosno  sezonskim varijacijama potrosSnje
elektri¢ne energije. Varijacije tijekom dana i go-
dine su izrazite, tijekom tjedna manje, a tijekom
mjeseca najmanje.

Potraznja za elektricnom energijom moze se for-
mirati i pod jakim utjecajem ekonomske politike.
To se u prvom redu odnosi na razlicite oblike sub-
vencioniranja pojedinih kategorija potrosaca.

Poznavanje karakteristika potraznje zaelektricnom
energijom od vitalnog je znacenja za vodenje opti-
malne politike cijena elektri¢ne energije, jer struk-
tura potraznje ima presudan utjecaj na strukturu
tarifnog sustava, Ciji je zadatak da Sto vjernije pre-
nese troskove na one potroSace koji su ih i uzro-
kovali.

Iz navedenog proizlazi da se veliCina i karakte-
ristike buduée potraznje elektricne energije ne
mogu predvidjeti s potpunom sigurnoséu.

patterns. This type of reaction is called the income
elasticity of demand.

Furthermore, changes in the price of replacement
energy sources (for example, in some cases na-
tural gas can serve as a replacement for electri-
city) or complementary devices (for example, de-
vices that use electricity) can change demand for
electricity. This type of reaction is called the cross
elasticity of demand. The greater the reaction
of demand to other prices, the greater the cross
elasticity. An increase in the price of replacement
energy sources usually leads to an increase in the
demand for electricity. If the price of natural gas
rises, customers will prefer to use relatively inex-
pensive electricity. Here, electricity and natural gas
are interchangeable energy sources. A decrease in
the prices of complementary energy sources can
lead to an increase in the demand for electricity, so
that the cross elasticity of demand is negative.

The elasticity of the demand for electricity is very
low for two reasons:

— inone partof consumption, elasticity is not pos-
sible at all due to the technological procedures
for the substitution of other forms of energy,

— inanother part of consumption, the advantages
of using electricity are so great that it should
also be considered as a monopoly commodity
here.

The demand for electricity is not steady but chan-
ges constantly. A large number of customers are
constantly being connected or disconnected from
the process of the consumption of electricity. No-
netheless, experience has demonstrated that there
are certain regularities in the manner of consuming
electricity, so that it is possible to speak of hourly,
daily, monthly, yearly and seasonal variations in
the consumption of electricity. Variations during a
day or year are marked, less during a week and the
least during a month.

The demand for electricity can also be formed un-
der the powerful influence of economic policy. In
the first place, this refers to various forms of subsi-
dies for individual categories of customers.

Familiarity with the characteristics of demand for
electricity is of vital significance for conducting op-
timal electricity price policy because the demand
structure has a crucial impact upon the structure
of the tariff system, the task of which is to transfer
costs to those customers who are responsible for
incurring them in the most accurate manner.

Therefore, it follows that the quantity and charac-
teristics of future electricity consumption cannot
be foreseen with complete certainty.
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Zasto restrukturirati i deregulirati?
Najc¢eS¢i argumenat u korist deregulacije
je neucinkovitost regulacije. Neucinkovitost
regulacije je neosporna, ali iz toga ne proiz-
lazi da ce deregulacija biti nuzno bolja, jer
trzista elektri¢ne energije imaju svojih vlasti-
tih neucinkovitosti koje se trebaju usporediti
s neucinkovitostima regulacije. Do danas su
takve usporedbe, veé¢im dijelom, bile spekula-
tivne.

Najodlucniji odgovori su najcesée utemeljeni
na malom broju informacija. Jedni tvrde da je
regulacija nuZna zato jer je elektricna energija
osnovna potreba. A Sto je sa stanovanjem? Ta je
potreba jo$ osnovnija, a stanogradnja je gotovo
100 % deregulirana. Drugi tvrde da konkurenci-
ja omogucava poticaje koji snizuju troskove, dok
to kod regulacije nije slucaj. A, Sto je s mnogim
reguliranim tvrtkama koje pouzdano proizvode
elektri¢nu energiju ve¢ mnogo godina za manje
od 6 USDc/kWh? Nedostaju li njima poticaji za

smanjivanje trogkova [3]?

Elektroenergetski sektor je zbog svojih
tehnoloSkih karakteristika smatran i treti-
ran kao prirodni monopol. Karakteristika je
prirodnih monopola da mogu ponuditi nizu
cijenu od konkurencijskog trzista. Nedostatak
prirodnog monopola je preduvjet uspjesne
deregulacije. Jedan popularni argument
u korist deregulacije glasi da je tehnicki
napredak u posljednje vrijeme izbrisao
uvjete za prirodni monopol u proizvodniji.
Ovo misljenje pretpostavlja da je prethodno
proizvodnja bila prirodni monopol, jer se
najucinkovitija elektrana veli¢inom priblizavala
1 000 MW, a nove tehnologije su elektranu od
100 MW ucinile gotovo jednako ucinkovitom. Ali
ipak, nitko tko smatra da su male ucinkovite
elektrane nuzan uvjet za konkurenciju ne cini
se zabrinut zbog prisustva velikih opskrbljivaca
na novim trzistima [3].

Regulacija ima dva osnovna problema:

— nemozeostvaritijakipoticajzaopskrbljivace
tako jeftino kao konkurencijsko trziste,

— ni sama regulacijska tijela nemaju prave
poticaje. Dobro obuceni regulatori bi mo-
gli ostvariti puno bolju regulaciju. Ali da bi
vlada omogudila kompetentnu regulaciju,
politicki proces bi se trebao promijeniti.

Prava konkurencijska trzista rade dvije stvari
odjednom. Omogucuju snazne poticaje:

— za odrzavanje cijene blizu granice margi-
nalnog troska i
— za minimalizaciju troska.

Why restructure and deregulate?

The most common argument in support of deregula-
tion is the inefficiency of regulation. The inefficiency
of regulation is indisputable but it does not follow that
deregulation will necessarily be better. This is becau-
se electricity markets have their own inefficiencies,
which should be compared with the inefficiencies of
regulation. Heretofore, such comparisons have been
largely speculative.

The most decisive responses are most frequently
based upon limited information. Some assert that
regulation is necessary because electricity is a basic
need. What about housing? This need is even more
basic and housing construction is nearly 100 % de-
regulated. Others assert that competition provides
incentives that reduce costs, while this is not the
case with regulation. What about the many regulated
companies that reliably produce electricity for many
years for less than 6 USc/kWh? Do they lack incentive
to reduce costs [3]?

The electrical power sector, due to its technologi-
cal characteristics, is considered to be and treated
like a natural monopoly. A characteristic of natural
monopolies is that they can offer a lower price than
competitive markets. A shortcoming of a natural mo-
nopoly is the prerequisite of successful deregulation.
One popular argument in favor of deregulation is that
technical progress in recent times has eliminated the
prerequisites for a natural monopoly in production.
Such a position assumes that in the past produc-
tion had a natural monopoly because the greatest
efficiency could only be obtained from an electrical
power plant that produced close to 1 000 MW, whi-
le with new technologies power plants producing
100 MW are nearly as efficient. However, no one who
is of the opinion that small efficient power plants are
a necessary prerequisite for competition seems to be
worried due to the presence of large suppliers on the
new markets [3].

Regulation has two basic problems:

— it cannot achieve strong incentives for suppliers
as inexpensively as competitive markets,

— not even the regulatory bodies have genuine in-
centives. Well-trained regulators could achieve
much better regulation but if the government
were to make competent regulation possible, the
political process would also have to be changed.

Genuine market competition does two things at the
same time, providing powerful incentives for the
following:

— maintaining prices near the limits of marginal
costs and
— minimizing costs.
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Regulacija moze ostvariti ili jedno ili dugo, ali ne
oboje. Mora Ciniti ustupke jer opskrbljivaci uvi-
jek poznaju trziste bolje od regulatora. Ustupci
Su srz suvremene teorije regulacije.

Regulacija se moze poboljSati ako se unapri-
jedi prakti¢no znanje regulatora. Ako regulator
raspolaze s relativno velikom koli¢inom infor-
macija, ustupak moze biti zadovoljavajuci, ali ni-
kad nece biti dobar kao savrsena konkurencija.
Konkurencija moZze odrzati prosjec¢nu cijenu na
razini dugoro¢nih troskova i u isto vrijeme vrsiti
maksimalni pritisak na minimalizaciju troskova.
U najboljem slucaju, regulacija ée sve pristojno
odraditi u oba slucaja, ali u nijednom tako dobro
kao konkurencija.

U praksi regulacija je sklona grijeSiti u smislu
snizavanja cijena prema troskovima proizvodn-
je. Cinjenica je da vecina regulatora vieruje da
im je to jedini posao i, da to mogu, uveli bi Cistu
regulaciju troskova usluge. Na srecu, jednosta-
vno previse je zamorno stalno prepravljati tarife,
pa se sve otprilike svodi na limit koji se mijenja
otprilike svake tri godine. Taj nenamjerni regu-
latorski zastoj glavni je faktor koji omogucava
regulaciji troskova usluge da ostvari bar neke
poticaje. Omogucuje odredene poticaje za mini-
malizaciju troSkova, ali oni su slabiji od onih koji
bi bili ostvareni optimalnim ustupkom. No, ¢ak
i to je premalo po standardima konkurencijskog
trzista.

Zbog Cinjenice da je poduzec¢ima bilo dozvol-
jeno prenosenje troSkova na potroSace kroz
regulirane tarife, postojalo je malo poticaja za
smanjenje troSkova ili investiranja s pravilnim
razmatranjem rizika. U tako reguliranom okvi-
ru, tvrtke su maksimalizirale dobit, koja je ipak
bila podvrgnuta regulacijskim ogranic¢enjima.

Kod savrsene konkurencije, teoretski, interak-
cija mnogobrojnih kupaca i prodavaca ostvaruje
trzisnu cijenu koja je jednaka trosku proizvodn-
je zadnje prodane jedinice. To je ekonomski
ucinkovito rjesenje. Cilj deregulacije je struktu-
riranje konkurencijskog trziSta s dovoljnim bro-
jem proizvodaca kako bi se eliminirala trzisna
mo¢, odnosno sposobnost tvrtke ili grupe tvrtki
da odreduju cijene vece od troskova proizvodnje.

Kod deregulacije, elektroenergetska poduzeca
moraju razdvojiti regulirane od dereguliranih
aktivnosti i natjecati se s novim tvrtkama koje
se pojavljuju na trzistu. Ekonomski mehanizam
donosenja odluka kod konkurencije odgovara
decentraliziranom procesu u kojem svaki su-
dionik maksimalizira dobit koja je jednaka razli-
ci izmedu ukupnog prihoda i ukupnih troSkova.
Medutim, kod konkurencije, vracanje investicije
U novi posao nije zajamceno. Stoga, procjena

Regulation can achieve one or the other but not both.
It must make concessions because the suppliers
always know the market better than the regulators.
Concessions are the essence of contemporary
regulation theory.

Regulationcanbeimprovedifthe practicalknowledge
of the regulators is improved. If a regulator has a
relatively large amount of information at his disposal,
a concession may be satisfactory but it will never
be as good as perfect competition. Competition
can maintain an average price at the level of long-
term costs while at the same time exert maximum
pressure on minimizing costs. In the best case,
regulation will do everything properly in both cases
butin neither case as well as competition.

In practice, regulation tends to err in the sense of
lowering prices according to production costs. It is
a fact that the majority of regulators believe that
this is their only job and if they could they would
introduce the complete regulation of service costs.
Fortunately, it is simply too tedious to adjust tariffs
constantly. Therefore, all of this is reduced to a limit
that changes approximately every three years. This
unintentional regulatory glitch is the main factor
that makes it possible for the regulation of the costs
of services to provide at least some incentives for
minimizing costs but they are weaker than those
that would be achieved by an optimal concession.
However, even those would be too little according to
the standards of the competitive market.

Due to the fact that companies were permitted to
pass on costs to customers through regulated tariffs,
there was little incentive for reducing expenditures
or investment with proper risk assessment. Within
such a regulatory framework, companies maximized
profit, which was nevertheless subject to regulatory
limits.

In the case of perfect competition, theoretically the
interaction of many customers and vendors creates a
market price thatis equal to the cost of the production
of the last unit sold. This is an economically efficient
solution. The goal of deregulation is the structuring
of a competitive market with a sufficient number of
customers in order to eliminate market power, i.e.
the ability of companies or groups of companies to
determine prices higher than production costs.

With deregulation, electrical power companies
must unbundle regulated and deregulated activities
and compete with the new companies that appear
on the market. The economic mechanism of
decision making under competition corresponds to
a decentralized process in which each participant
maximizes profit that is equal to the difference
between total revenues and total costs. However,
with competition, the return of an investment
in a new job is not guaranteed. Therefore, risk
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rizika postaje kljucni dio u industriji elektricne
energije.

Jos jedan cilj kojem teZi deregulacija izbje-
gavanje je unakrsne novéane potpore medu
razli¢itim potroSackim razredima ostvarivan-
jem transparentnijih tarifa. Elektri¢na energija
se kupuje na trzistu po postavljenim cijenama,
dok se regulirani troskovi (npr. za uslugu pri-
jenosa) naplacuju po odvojenom sistemu kroz
pristupne tarife.

Krajnji cilj je postizanje tehnic¢ki pouzdane i
ekonomski ucinkovite industrije elektricne en-
ergije. Na tom putu stoje mnogi organizacijski,
institucijski i regulacijski problemi koji se mo-
raju rijesiti deregulacijom.

RAZVOJ TRZISTA
ELEKTRICNE ENERGIJE

0d monopola do trzista

Nakon 2. svjetskog rata u mnogim je zemljama,
prvenstveno zbog strateskih razloga, elektroen-
ergetski sektor nacionaliziran i u pravilu orga-
niziran u jedno vertikalno integrirano poduzede,
koje je bilo jedini opskrbljiva¢ elektricnom
energijjom na svom operativnom teritoriju i
imalo je duZnost opskrbljivati elektricnom
energijom sve potrosace na tom teritoriju. Ta
je situacija bila uobicajena u Europi i Latinskoj
Americi. Elektroenergetski sustavi razvijali su
se prema specificnim uvjetima pojedinih drzava,
sto je dovelo do znacajnih razlika medu njima, u
strukturi i izgradenosti kapaciteta, u strukturi i
razini cijena elektricne energije i u organizaciji i
vlasnistvu. Posebno su bile velike razlike izmedu
elektroenergetskih sustava razvijenih zapadnih
zemalja i elektroenergetskih sustava isto¢noe-
uropskih zemalja, danas poznatijih pod nazivom
tranzicijske zemlje.

Elektroenergetske tvrke bile su vec¢inom u vla-
snistvu drZave, regionalne, odnosno lokalne
vlasti, ali i u privatnom vlasniStvu i u vlasnistvu
udruZenja potrosaca.

Od pocetka 1980-ih do danas elektroenergetski
sektor u cijelom svijetu podvrgnut je znacajnim
reformama koje karakterizira:

— restrukturiranje vertikalno integrirane mo-
nopolisticke organizacije u konkurentna
poduzeca,

— otvatranje trzista u proizvodnji i opskrbi,

— privatizacija drZzavnog vlasnistva.

Restrukturiranje znaci pripremu za liberizaciju
trzista elektricne energije i privatizaciju, odno-

assessment becomes a crucial part of the electrical
power industry.

One more goal to which deregulation aspires is
avoiding cross financial supports among various
classes of customers achieved by more transparent
tariffs. Electricity is purchased on the market
according to the set prices, while regulated costs
(for example, for the service of transmission) are
collected according to a separate system through
access tariffs.

The ultimate goal is the achievement of a technically
reliable and economically efficient electrical power
industry. On the path, there are many organizational,
institutional and regulatory problems that must be
resolved through deregulation.

THE DEVELOPMENT OF THE
ELECTRICITY MARKET

From monopoly to market

Following World War I, the electrical power sector
was nationalized in many countries, primarily due to
strategic reasons. As a rule, it was organized into a
vertically integrated company which was the sole su-
pplier of electricity on its operative territory and had
the task of supplying electricity to all the customers
within its territory. This was the customary situation
in Europe and Latin America. Electrical power sy-
stems developed according to the specific conditions
of the individual countries, which led to significant
differences among them in the structure and deve-
loped capacities, the structure and the level of elec-
tricity prices, and organization and ownership. There
were especially considerable differences between
the electrical power systems of developed Western
countries and the electrical power systems of Ea-
stern European countries, today known as countries
in transition.

The majority of electrical power companies were
owned by the state, regional or local authorities, but
could also be under private ownership and under the
ownership of customer associations.

From the beginning of the 1980s until the present,
the electrical power sector in the world has been su-
bjected to significant reforms, characterized by the
following:

— therestructuring of vertically integrated monopo-
listic organizations into competitive companies,

— the opening of markets in production and supply,
and

— the privatization of state property.

Restructuringmeans preparationforthe liberalization
of the electricity market and privatization, i.e.
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sno reorganizaciju i racionalizaciju s ciljem po-
vecanja efikasnosti poslovanja.

Otvaranje elektroenergetskog trzista znaci de-
regulaciju i demonopolizaciju, odnosno konku-
renciju u proizvodnji i opskrbi.

Najznacajniji faktori koji poti¢u reformu indu-
strije elektri¢ne energije diljem svijeta su:

— nove proizvodne tehnologije, kao Sto su
plinske turbine s kombiniranim ciklu-
som (CCGT), smanjile optimalnu velic¢inu
elektri¢nih generatora,

— globalna konkurencijska ekonomija traZi
smanjenje ulaznih troskova, a elektricna
energija je trosak u svim industrijama, a u
mnogima i znacajan,

— drZava, kao vlasnik i upravljac tradicionalnih
industrija ne moZe odgovoriti na ekonomske
i tehnoloske promjene toliko brzo kao pri-
vatni vlasnici, pa zbog toga potice privatiza-
ciju,

— informacijske tehnologije i komunikacijski
sustavi omogucuju razmjenu velike kolicine
infomacija, potrebnih za upravljanje trzistem
elektricne energije,

— globalizacijski procesi koji teZze okrupnja-
vanju kapitala,

— razvoj tehnologije za prijenos elektri¢ne en-
ergije stvorio je nove mogucnosti za razvoj
trzista elektricne energije i konkurencije.

CCGT proizvodaci natjeCu se kako bi ostvarili
tehni¢ku ucinkovitost do 60 %, kratki rok iz-
gradnje elektrane (manje od dvije godine), i nis-
ke trogkove ulaganja (oko 500 USD/kW). Takav
tehnicki razvitak, uz niske cijene prirodnog plina
i nove mreZe za njegov transport, ucinili su ovu
tehnologiju dominatnim izborom za nove inve-
sticije na konkurencijskim trzistima proizvodnje
elektri¢ne energije.

Globalnakonkurencija koju poticu medunarodne
tvrtke naglasava medunarodno usporedivanje
cijena, Sto potiCe drzave da smanje troskove
elektri¢ne energije kako bi bile globalno konku-
rentne. Procese restrukturiranja i deregulacije
provode vlade uvodenjem trzista elektricne en-
ergije s ciljem povecanja ucinkovitosti i sman-
jenja cijena. Vlade poticu razvoj trzista i otvaran-
jem trziSta konkurenciji iz susjednih zemalja s
nizim troskovima s ciljem smanjenja cijena.

DrZavno vlasnistvo je u zadnjem desetljecu bilo
u krizi zbog viSe razloga. Npr., u Latinskoj Ame-
rici u drzavama koje su imale visoku potrosnju
elektri¢ne energije bila su nuzna znatna ulaga-
nja, a drzava s velikim vanjskim dugom nije bila
u stanju provesti potrebna ulaganja u proizvod-
nju. Ta je situacija, uz preporuke medunarodnih

reorganization and rationalization with the goal of
increasing the efficiency of operations.

Opening of the electricity market means deregulation
and demonopolization, i.e. competition in production
and supply.

The most significant factors that promote electricity
reform throughout the world are as follows:

— new production technologies, such as combined
cycle gas turbines (CCGT), have reduced the op-
timal size of a power generator,

— the global competition of the economy requires a
reduction in input costs. Electricity is an expense
in all industries, which is significant in many,

— the state, as the owner and manager of traditio-
nal industries, cannot respond to the economic
and technological changes as quickly as private
owners and, therefore, promotes privatization,

— information technologies and communication
systems make the exchange of the large quan-
tities of information necessary for the manage-
ment of the electricity market possible,

— the globalization process favors the consolidati-
on of capital,

— the development of technology for the transmis-
sion of electricity has created new possibilities
for the development of the electricity market and
competition.

CCGT producers compete in order to achieve up to
60 % technical efficiency, power plant construc-
tion within a short period of time (less than two
years) and low investment costs (approximately
500 USD/kW). Such technical development, together
with the low prices of natural gas and new transport
networks, have made this technology the dominant
choice for new investment on competitive electricity
production markets.

The global competition promoted by international
companies emphasizes international price compari-
sons, providing incentives for states to reduce elec-
tricity costs in order to be globally competitive. The
processes of restructuring and deregulation are im-
plemented by governments through the introduction
of electricity markets, with the goal of increasing ef-
ficiency and lowering prices. Governments promote
market development and the opening of markets to
competition from neighboring countries with lower
costs in order to achieve the goal of lowering prices.

State ownership has been in crisis during the past
decade for several reasons. For example, in Latin
American countries which had high electricity
consumption,  significant  investments  were
necessary and a country with a large foreign debt
was not in a position to implement the necessary
investment in production. This situation, with the
recommendations of the international financial
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financijskih institucija, kao Sto su Svjetska banka
i Interamericka banka za razvoj, dovela do toga
da vlasti potaknu privatizaciju i restrukturiranje.
Takoder, internacionalizacija trziSta goriva dove-
la je u pitanje drzavne poticaje za odredene pri-
marne izvore energije.

Informacijske tehnologije i komunikacijski su-
stavi omoguéuju napredna i on-line trZista
elekticne eneregije s vise sudionika i viSe tipo-
va transakcija. Nadalje, mjerenje, naplacivanje,
kontrola kvalitete i nacini kontrole napona, koji
se temelje na novim informacijskim tehnologi-
jama i komunikacijskim sustavima su ono Sto se
nudi kod restrukturiranja i deregulacije.

Deregulaciju su poticale i cijene vise, od onih u
susjednim drzavama i regijama. Na podrucjima
s visokim cijenama, potrosaci i vlade su, pod
utjecajem vala deregulacije, zagovarali res-
trukturiranje.

S ciljem ublaZavanja problema i razlika u ener-
getskom sektoru, odnosno brze prilagodbe glo-
balizacijskom trendu, u prosincu 1991. godine u
Haagu je potpisana Europska energetska povelja
od strane 49 europskih zemalja, SAD-a, Kanade,
JapanaiAustralije. Kako Povelja kao politicki do-
kumenat nije imala provedbenu snagu, u prosin-
cu 1994. godine u Lisabonu potpisan je Ugovor
o europskoj energetskoj povelji, potpisnik kojeg
je i Hrvatska. Poveljom se potice razvoj trgovine
u energetici, suradnja na podrucju energetike,
energetska efikasnost i zastita okoliSa.

Kroz restrukturiranje i deregulaciju, pravno su i
funkcionalno razdvojena vertikalno integrirana
poduzeca. Uvedena je konkurencija u veleprodaju
i maloprodaju elektricne energije. Veleprodajna
trzista elektri¢ne energije Cini nekoliko proizvod-
nih tvrtki koje se natjecu u prodaji svoje elektricne
energije kroz sredisnji pool ili preko dvostranih
ugovora s kupcima. Uvedena je i maloprodajna
konkurencija koja kupcima omogucava da oda-
beru jednog izmedu viSe prodavaca ili da kupuju
direktno s veleprodajnog trzista.

Pionir u reformi elektroenergetskog sektora
bio je Cile razvojem konkurencijskog sustava za
proizvodnju elektricne energije utemeljenu na
marginalnim cijenama u ranim 1980.-im godina-
ma. Pocetkom 1990-ih slijedila ga je Argentina
koja je 1992. godine privatizirala neucinkoviti
sektor elektri¢ne energije u drzavnom vlasnistvu
podijelivsi ga na proizvodace, prijenosnike
i distributere, uz uvodenje konkurencijskog
proizvodnog trziSta. Ta su iskustva primijenjena u
ostalim zemljama Latinske Amerike, kao Sto su
Bolivija, Peru, Kolumbija, Gvatemala, El Salvador,
Panama i djelomicno u Brazilu i Meksiku.

institutions such as the World Bank and the Inter-
American Development Bank, led to the authorities
promoting  privatization ~and  restructuring.
Furthermore, the internationalization of the fuel
market called state incentives for certain primary
sources of energy into question.

Information  technologies and communication
systems also make it possible to have advanced and
on-line electricity markets with many participants
and types of transactions. Furthermore, metering,
collection, quality control and voltage control
methods, based upon the new information
technologies and communication systems, are
offered in restructuring and deregulation.

High prices in comparison to those in neighboring
countries and regions also provided an incentive for
deregulation. . In areas with high prices, customers
and governments urged restructuring under the
influence of a wave of deregulation.

With the goal of addressing the problem and
differences in the energy sector, i.e. more rapid
adaptation to the globalization trend, in December
1991 the European Energy Charter was signed
at The Hague by forty-nine European countries,
the United States, Canada, Japan and Australia.
Since the charter as a political document lacked
powers for its implementation, in December 1994
the European Energy Charter Treaty was signed
in Lisbon, with Croatia among the signers. The
treaty promotes the development of commerce in
energetics, cooperation in the area of energetics,
energy efficiency and environmental protection.

Through restructuring and deregulation, vertically
integrated enterprises were unbundled, both legally
and functionally. Competition in the wholesale and
retail of electricity was introduced. The wholesale
electricity market consists of several production
companies that compete in the sale of their
electricity through a central pool or via bilateral
contracts with customers. Retail competition has
also been introduced that makes it possible for
customers to choose one of several vendors or to
purchase directly on the wholesale market.

Apioneerin the reform of the electrical power sector
was Chile, with the development of a competitive
system for the production of electricity based upon
marginal prices in the early 1980s. At the beginning
of the 1990s, it was followed by Argentina, which in
1992 privatized the inefficient electrical power sector
that had been under state ownership, dividing it into
production, transmission and distribution, with the
introduction of a competitive production market.
These experiences were applied in other countries
in Latin America, such as Bolivia, Peru, Columbia,
Guatemala, El Salvador, Panama and partially in
Brazil and Mexico.
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U nekim saveznim drzavama SAD-a, u Australi-
ji, na Novom Zelendu, i u nekim provincijama u
Kanadi derequlacija industrije elektricne energi-

je je uvedena kao nacin povecanja ucinkovitosti i
snizenja cijena [1].

Skandinavske zemlje, slijede¢i Norvesku, postu-
pno su stvorile nordijsko veleprodajno trziste elek-
tricne energije.

Dobrobiti konkurencijskih veleprodajnih
trzista
Konkurencija u elektroenergetskoj djelatnosti
odnosi se na dvije razine: konkurencija u
veleprodaji i konkurencija u maloprodaji. Velepro-
daja se odnosi na prodaju elektri¢ne energije koju
prodaju elektrane. One svoju energiju prodaju na

veliko, velikim potrosacima i opskrbljivacima.

Jedan od glavnih ciljeva deregulacije je postizanje
ucinkovito konkurencijskog veleprodajnog trzista.
Konkurencija omogucava mnogo snaznije potica-
je za smanjenje troSkova nego Sto to Cini tipi¢na
regulacija troskova usluge, te dovodi do toga da
opskrbljivaci brze uvode razne vrste inovacija ko-
jima se smanjuju troSkovi. One uklju¢uju mudrije
investiranje, jeftiniju izgradnju novih kapaciteta,
ucinkovitije odrzavanje i manje troSkove rada.

Druga prednost konkurencije je njena sposobnost
da zadrzi cijenu na razini najnizeg troska. Ovo je
manja prednost samo zbog toga Sto je tradicional-
naregulacijanaglasavala ovu stranu regulatorskog
procesa. Jo$ uvijek minimalizacija troskova moze
biti znacajna prednost. Kogeneracija opet moZe
posluziti kao primjer. Nakon Sto su je regulatori
odludili poticati, trebala im je cijena te udruzeno
proizvedene energije. Stvorena je formula s ciljem
oponasanija trzisne cijene. Naravno da su politicke
snage intervenirale, a rezultat su bili dugogodisniji
ugovori s vrlo visokim cijenama [4]. Oni su doveli
do, vjerojatno i presnaZznog, poticaja za udruzenu
proizvodnju. Konkurencijsko trziste moze u isto
vrijeme ostvariti i prave poticaje i prave cijene.

U pocetku su se veleprodajna trzista kreirala za
ekonomicno otpremanje proizvedenih koli¢ina u
srediSnji pool, kojim je upravljao operator sus-
tava. Sudjelovanje u poolu je bilo obvezno za sve
proizvodace. Tako je bilo u Argentini, Cileu, Engle-
skoj i Walesu [5].

Veleprodajna trzista imaju veliku nestalnost cije-
na zbog dnevnih i sezonskih promjena u opskrbi
i potraznji. To uzrokuje dva vazna problema kod
deregulacije vezana za reagiranje potraZnje na
promjene cijena i nova ulaganja u proizvodne re-

surse.

In some states of the USA, Australia, New Zealand
and some provinces in Canada, deregulation of
the electrical power industry was introduced as
a means for increasing efficiency and lowering
prices [1].

Scandinavian countries, following Norway,
gradually created the Nord Pool wholesale
electricity market.

Benefits of competitive wholesale markets
Competition in electricity operations refers to two
levels: competition in wholesale and competition
in retail. Wholesale refers to the sale of electricity
by power plants. They sell their energy wholesale
to large customers and suppliers.

One of the chief goals of deregulation is to
achieve effective competition on the wholesale
market. Competition makes much more powerful
incentives possible for reducing costs than the
typical regulation of service costs, and results in
suppliers introducing various types of innovations
more quickly, thereby reducing costs. They include
wiser investment, less expensive construction
of new generating capacity, more efficient
maintenance and lower labor costs.

A second advantage of competition is its ability to
maintain prices at the level of lowest cost. This
is a lesser advantage only because traditional
regulation has emphasized this aspect of the
regulatory process. Minimizing costs can still be
a significant advantage. Cogeneration can serve
as an example again. After regulators decided to
promote it, they needed a price and pooled energy
production. A formula has been created with the
goal of modeling market prices. Naturally, political
powers intervened and the results were long-
term contracts with very high prices [4]. These
led to what were most likely excessive incentives
for pooled production. A competitive market can
achieve correct incentives and correct prices at
the same time.

In the beginning, the wholesale markets were
created forthe economicaldeliveryofthe quantities
produced to a central pool, administered by the
system operator. Participation in the pool was
mandatory for all producers. This is how it was in
Argentina, Chile, England and Wales [5].

Wholesale markets have great price instability
due to daily and seasonal changes in supply and
demand. This causes two important problems
in deregulation connected with the reaction by
demand to changes in prices and new investment
in production resources.
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Kod regulacije je potraznja za elektricnom en-
ergijom smatrana neelasticnom i novi kapaciteti
gradili su se na temelju pretpostavljane potraznje.
Kod deregulacije se pretpostavlja da ¢e konkuren-
cijske cijene potaknuti novu proizvodnju.

Cini se da ¢e glavna dobrobit konkurencije doéi
iz podrucja potraznje, a ne iz podrucja ponu-
de. Visoke cijene na veleprodajnom trzistu ce se
prenijeti na potrosace, barem kod marginalne
potrosnje, i zbog toga ¢e potroSaci ograniciti svoju
potraznju kad je cijena najvisa, a proizvodnja najs-
kuplja. To ¢e smanijiti broj proizvodaca i smanjiti
ukupne troskove proizvodnje elektricne energije.
Konkurencijsko trziste ¢e tu ustedu prenijeti na
potrosace.

Maloprodajna konkurencija i potrosacki
izbor
Cilj deregulacije je pruziti potrosacima trzisno
utemeljene cijene elektricne energije uz pouz-
danu wuslugu i ucinkovite cijene. Uvodenje
potrosackog izbora razlikuje se od drzave do
drzave. U Norveskoj su se svi potrosaci kvalificirali
za odabir svog opskrbljivaca kad je krenulo kon-
kurencijsko veleprodajno trziste. U Spanjolskoj
je regulator primijenio posebne mjere, kao Sto
su smanjenje pristupnih tarifa, kako bi potaknuo
izlazak reguliranih potroSaca. U vecini drugih ze-
malja prakticirano je progresivno uvodenje uvjeta
koji odreduju kvalificirane potrosace, pocevsi od
najvedih potrosaca i zavrsavajudi s kué¢anstvom.

Dobar pokazatelj zrelosti konkurencije i trzista je
broj ucinkovito nereguliranih potroSaca i koli¢ina
ukupne elektricne energije potroSene izvan regu-
liranih tarifa.

Medutim, izvjeS¢a uglednih stru¢njaka na podrucju
deregulacije industrije elektricne energije ukazuju
na problem kako dugoroc¢no osigurati pravi trzis-
ni okvir za konkurenciju u maloprodaji elektricne
energije [6]. Misli se na brojne tehnicke, regula-
torne i prakticne uvjete koje je potrebno osigurati
kako bi se izbjegle neZeljene devijacije i znacajni
dodatni troskovi.

U nastavku se daje pregled procesa reformi u
elektroenergetskom sektoru, odnosno otvaranja
trzista elektricne energije u Europskoj uniji, tran-
zicijskim zemljama, SAD-u i Hrvatskoj. lako je
vecina tranzicijskih zemalja ve¢ u Europskoj uniji,
posebno su istaknute zbog specifi¢nog negativnog
naslijeda iz socijalizma.

Under regulation, the demand for electricity was
considered to be inelastic and new generating
capacity was constructed on the basis of the
assumed demand. Under deregulation, it is
assumed that competitive prices will stimulate
new production.

It appears that the main benefit of competition
will come from the area of demand and not from
the area of supply. High prices on the wholesale
market will be transferred to customers, at least
as marginal costs, and therefore customers will
limit their demand when the price is the highest
and production is the most expensive. This will
reduce the number of producers and reduce
the total costs of electricity production. The
competitive market will pass on these savings to
the customers.

Retail competition and customer choice
The goal of deregulation is to provide customers
with market-based electricity prices with reliable
service and effective prices. The introduction of
customer choice differs from country to country.
In Norway, all customers qualified for choosing
their suppliers when the competitive wholesale
market started operations. In Spain, the regulator
applied special measures, such as reducing
access tariffs, in order to provide an incentive for
regulated customers to leave. In the majority of
other countries, the progressive introduction of
conditions was practiced for the determination
of qualified customers, starting from the largest
customers and ending with households.

A good index of competition and market maturity is
the number of effectively unregulated customers
and the quantity of the total electricity consumed
outside regulated tariffs.

However, reports from distinguished experts in
the area of the deregulation of the electrical power
industry discuss the problem of how to secure a
long-term legal market framework for competition
in the retail of electricity [6]. This refers to the
numerous technical, regulatory and practical
prerequisites that must be secured in order to
avoid undesirable deviations and significant added
costs.

The next section presents a review of the reform
processes in the electrical power sector, i.e. the
opening of the electricity markets in the European
Union, countries in transition, the United States
and Croatia. Although the majority of countries in
transition are already in the European Union, they
are discussed separatelyowing to their specific
negative socialistic legacy.
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Europska unija

Pristup otvaranju trzista
Prva trzista elektricne energije u Europi uspo-
stavljena su pocetkom 1990-tih godina proslog
stolje¢a u Velikoj Britaniji i u skandinavskim
zemljama.

| u okviru same Europske unije postojale su ve-
like razlike u pogledu organizacije i vlasnistva
u elektroenergetskom sektoru. Tako su npr.
Francuska, Grcka, Turska, lItalija i Portugal
nacionalizirale svoje monopole za proizvodnju
i prijenos elektricne energije. U mnogim ze-
mljama elektroprivrede rade kao regionalna
poduzeca (Austrija, Nizozemska, Njemacka), a
u Belgiji, Danskoj i Spanjolskoj proizvodnja je
uglavnom u privatnom vlasnistvu. Osim regi-
onalnih poduzeéa u Njemackoj postoje i mje-
Sovita poduzeca (javno i privatno). Prijenosna
mreZa je uglavnom nacionalizirana [7].

Takvo stanje rezultiralo je potrebom uskladi-
vanja, ali i uvazavanja odredenih posebnosti
unutar Europske unije. To je iznjedrilo Direkti-
ve Europske unije koje predstavljaju minimum
zahtjeva koje je Europska unija postavila pred
zemlje Clanice u cilju ukidanja monopola u
elektroenergetskom sektoru i otvaranja tr-
Zista elektricne energije. Tako se Direktivom
96/92EC, odnosno njenom nasljednicom Di-
rektivom 2003/54/EC, uspostavljaju zajednicka
pravila za proizvodju, prijenos, distribuciju i op-
skrbu elektri¢cnom energijom.

Osnove liberalizacije trzista elektricne ener-
gije temelje se na uspostavi konkurencije u
proizvodnji i opskrbi te u slobodnom pristupu
prijenosnoj i distribucijskoj mrezi na podrucju
Europske unije, s ciljem stvaranja unutarnjeg
trZista elektricne energije. Da bi se stvorilo
ucinkovito trziste elektricne energije potrebno

je provesti sedam osnovnih mjera [8]:

— otvaranje trzista elektrine energije na
strani proizvodnje, $to znaci omogucavanje
izgradnje i upravljanja proizvodnim kapaci-
tetima na trZiSnim osnovama,

— osigurati slobodan pristup trece strane.
Buduci je izgradnja paralelne prijenosne i
distribucijske mreze ekonomski neoprav-
dana, nuzno je omoguditi pristup trecoj
strani postoje¢im mrezema i to pod jedna-
kim, nediskriminiraju¢im uvjetima,

— razdvajanje (engl. unbundling) djelatnosti
prijenosa i distribucije od proizvodnje i op-
skrbe unutar postojecih vertikalno poveza-
nih poduzeca. Razdvajanje je moguce prove-
sti na Cetiri nacina ili u njihovoj kombinaciji:
razdvajanje racunovodstva za poduzece
koje se bavi prijenosom ili distribucijom

The European Union

The approach to opening markets
The first electricity markets in Europe were
established at the beginning of the 1990s in Great
Britain and the Scandinavian countries.

Within the framework of the European Union, there
were great differences regarding organization and
ownership in the electrical power sector. Thus, for
example, France, Greece, Turkey, Italy and Portugal
nationalized their monopolies for the production and
transmission of electricity. In many countries, the
electrical power industries operate as regional enter-
prises (Austria, the Netherlands and Germany) and
in Belgium, Denmark and Spain production is chiefly
under private ownership. In addition to the regional
enterprises in Germany, there are also enterprises of
mixed ownership (public and private).

The transmission networks are nationalized for
the most part [7]. This situation resulted from the
need for coordination but also for taking certain
specificities into account within the European Union.
This resulted in the directives of the European Union
that represent the minimum prerequisites that the
EU demands of member states, with the goal of
eliminating monopolies in the electrical power sector
and opening the electricity markets. Thus, according
to Directive 96/92/EC, respectively its successor
Directive 2003/54/EC, common regulations were
established for the production, transmission,
distribution and supply of electrical power.

The basic liberalization of the electricity market
is based upon the establishment of competition
in production and supply, and in free access to the
transmission and distribution networks within the
territory of the European Union, with the goal of
creating an internal electricity market. In order to
create an efficient electricity market, it is necessary
to implement seven basic measures [8]:

— the opening of the electricity markets on the pro-
duction side, which means making possible the
construction and administration of generating
capacities on market foundations,

— the securing of free access by third parties. Sin-
ce the construction of parallel transmission and
distribution networks is economically unjustified,
it is necessary to facilitate access by a third party
to the existing networks under equal, nondiscri-
minatory conditions.

— the unbundling of the operations of the transmi-
ssion and distribution from production and supply
within the existing vertically linked enterprises.
Unbundling can be implemented in four ways or
in combinations thereof:

- the unbundling of accounting for enterprises
engaged in transmission or distribution
represents the weakest aspect of unbundling,
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predstavl a najslabiji vid razdvajanja,

- razdvajanje upravljanja na nacin da se
upravljanje mreZzom odvoji od upravljanja
ostatkom poduzeca,

- pravno razdvajanje na nacin da se osnuje
posebna pravna osoba Cije ¢e se poslova-
nje ograniciti na mreze,

- razdvajanje vlasniStva na nacin da se
okomito povezano poduzele obveZe na
prodaju mreze,

— stvaranje neovisnog regulatornog tijela, jer
organiziranje ucinkovitog trzista elektricne
energije zahtijeva ucinkovitu regulaciju pri-
jenosnih i distribucijskih mreZa iz tri razlo-
ga:

- sprjeCavanje pretjerano visokih cijena,

- sprjeCavanje subvencioniranja i

- sprjeCavanje diskriminacije,

— osiguranje visoke razine javnih usluga s
ciljem zadtite javnog interesa vezano za
sigurnost opskrbe, zastitu okoliSa i zastitu
kupaca,

— reciprocitet pristupa trzistima drugih ze-
malja, odnosno ujednacenje tempa libera-
lizacije,

— stvaranje ucinkovitih pravila na razini Eu-
ropske unije.

Stvaranje unutarnjeg trzista elektricne ener-
gije u Europskoj uniji zapocelo je Direktivom o
tranzitu elektricne energije putem prijenosnih
mreza iz 1990. godine, ¢iji je glavni cilj bio osi-
gurati da operator mreZe u jednoj od zemalja
¢lanica ne moze ometati razmjenu elektricne

energije izmedu drugih zemalja ¢lanica.

Danasnje unutarnje trZiste elektricne energije
Europske unije zasniva se na Direktivi 96/92/EC
[9] od 1996-12-19. Na snagu je stupila
1997-02-19, s rokom provedbe za drzave ¢la-
nice do 1999-02-19. Od 2000-07-01 Direktiva
je ukljucena u Sporazum o europskoj ekonom-
skoj zoni ¢ime je proSireno unutarnje trziste
elektricne energije i na Norvesku, Island i Lih-
tenstajn.

Cilj je Direktive bio uspostaviti pravila za proi-
zvodnju, prijenos i distribuciju elektri¢ne ener-
gije, odnosno pravila za ustrojavanje i djelova-
nje sektora elektri¢ne energije, pristup trzistu,
vodenje i upravljanje sustavima i davanje odo-
brenja za izgradnju novih kapaciteta.

Direktiva se temelji na tri osnovna nacela:

— uvodenje konkurencije uz istodobno posti-
vanje nacela javne usluge prema kojem je
osiguranje odgovarajuce i pouzdane opskr-
be elektricnom energijom od najvede vaz-
nosti za ukupne gospodarske tokove,

— postupno uvodenje konkurencije kako bi se
osiguralo potrebno vrijeme za prilagodbu,

- the unbundling of administration in such a
manner that the network administration is
separated from the administration of the rest
of the enterprise,

- legal unbundling in a manner that a separate
legal entity is established whose operations will
be limited to the networks,

- the unbundling of ownership in such a man-
ner that a vertically connected enterprise is re-
quired to sell the network,

— the creation of an independent regulatory body,
because the organization of an efficient electrici-
ty market requires the efficient regulation of the
transmission and distribution networks for three
reasons:

- the prevention of excessively high prices,

- the prevention of subsidizing,

- the prevention of discrimination,

— providing a high level of public services with the
goal of protecting the public interest in connec-
tion with the security of supply, environmental
protection and consumer protection,

— reciprocity of access to the markets of other co-
untries, i.e. achieving a uniform tempo of liberali-
zation, and

— the creation of effective regulations at the level of
the European Union.

The creation of an internal electricity market in the
European Union began with the Directive on the
Transit of Electricity through Transmission Grids
dated 1990, which had the main goal of assuring that
the network operator in one member state cannot in-
terfere with the exchange of electricity between other
member states.

Today's internal electricity market of the Europe-
an Union was established on the basis of Directive
96/92/EC [9] dated December 19, 1996. It went into
force on February 19, 1997, and the deadline for its
implementation by the member states was February
19, 1999. Since July 1, 2000, the Directive has been
included in the European Economic Area Agreement,
according to which the internal market was expanded
to include Norway, Iceland and Lichtenstein.

The goal of the directive was to establish regulations
for the production, transmission and distribution of
electricity, i.e. regulations for the organization and
operation of the electrical power sector, market ac-
cess, the control and management of systems, and
issuing authorization for the construction of new
generating capacity.

The directive is based upon three basic principles

— theintroduction of competition while at the same
time respecting the principles of public service,
according to which suitable and reliable electric-
ity supply is secured, which is of the utmost im-
portance for overall economic flow,

— the gradual introduction of competition in order
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— sukladno nacelu supsidijarnosti, Direk-
tiva ne namece gotova rjesenja zamlja-
ma clanicama, ona daje samo okvir za
izgradnju unutarnjeg trZista ostavljajuci
Siroki prostor za usvajanje rjeSenja koja
najbolje odgovaraju njihovoj situaciji [10].

Medutim, liberalizacija trzista elektricne ener-
gije ipak se nije odvijala ocekivanim tempom.
Zbog predloZenog velikog broja izmjena i dopu-
na postojece Direktive, 2003-06-26 donesena
je nova Direktiva 2003/54/EC [11]. Ova Direktiva
najznacajnije promjene donosi u sljede¢im po-
drucjima:

— dinamici otvaranja trzista,

— nacinu davanja dozvole za izgradnju novih
kapaciteta,

— pristupu mrezi,

— obvezi razdvajanja operatora sustava i

— obvezi javne usluge.

Odredbe ove Direktive primenjuju se u nacio-
nalnim pravima drzava ¢lanica od 2004-07-01.

S ciljem reguliranja prekograni¢ne trgovine
elektricnom energijom, 2003-06-26 donesena
je i Uredba 1228/2003/EC o uvjetima pristupa
mrezi radi prekograniéne trgovine elektricnom
energijom [12], kojom se uspostavljaju pravila
za prekograni¢nu trgovinu. Time se izravno po-
dupire stvaranje unutarnjeg trzista elektricne
energije, uzimajuci u obzir specificnosti nacio-
nalnih i regionalnih trzista. Uredbom se, izme-
du ostalog uspostavljaju mehanizmi za kom-
penzaciju prekograni¢nih tokova elektricne
energije (inter TSO kompenzacija), uspostavlja-
ju nacela za njihovu naplatu kao i za koriStenje
raspoloZivih kapaciteta interkonekcija izmedu
nacionalnih prijenosnih sustava [13]. Uredba
se primjenjuje od 2004-07-01. Razlika izme-
du Uredbe i Direktive je u tome Sto se Uredba
izravno i doslovno obvezujuce primjenjuje u ze-
mljama clanicama, a Direktiva trazi provedbu
kroz zakone zemalja ¢lanica.

Prepreke na putu do unutarnjeg trzista
elektri¢ne energije
Prema izvjeS¢u Eurostata [14] iz srpnja 2006.
godine, unutar Europske unije najskuplja stru-
ja za kudanstva je u Slovackoj, dok najmanije za
struju odvajaju gradani Grcke. NajviSu cijenu
struje, ustvari, placaju gradani Danske koji
odvajaju 23,62 eura za 100 kilowatsati (kWh), no
ako se cijena struje prilagodi za kupovnu moc,
onda najvise struju placaju stanovnici Slovacke,
koji odvajaju Cak 24,48 eura za 100 kWh. Nakon
Slovacke slijede Italija sa 20,23 eura, Poljska
sa 20,05 eura i Nizozemska 19,15 eura za
100 kWh. U susjednoj Sloveniji gradani odvajaju

to provide the necessary period of adjustment,

— pursuant to the principle of subsidiarity, the di-
rective does not impose finished solutions upon
the member states; it only provides a framework
for the construction of internal markets, leaving
ample room for the adoption of solutions that are
best suited to their circumstances [10].

However, the liberalization of the electricity markets
did not occur at the anticipated tempo. Due to the
large number of proposed amendments to the ex-
isting directive, on June 26, 2003 the new Directive
2003/54/EC was adopted [11]. This directive brought
the most significant changes in the following areas:

— the dynamics of market opening,

— the manner of issuing permits for the constructi-
on of new generating capacity,

— network access,

— the obligation of unbundling system operators
and

— the obligation of public service.

The stipulations of this directive have been applied in
the national legislation of the member states since
July 1, 2004.

With the goal of regulating cross-border exchanges
of electricity, on June 26, 2003 Regulation 1228/2003/
EC was adopted on conditions for access to the net-
work for cross-border exchanges in electricity [12].
Thus, direct support was provided for the creation
of an internal electricity market, taking into account
the specificities of the national and regional markets.
The regulations, among other things, also establish
the mechanisms for the compensation of the inter-
transmission system operator (inter-TSO compensa-
tion), the principles for its collection as well as for the
use of the available interconnection capacities among
national transmission systems [13]. The regulations
have been in effect since July 1, 2004. The difference
between the regulations and the directive is that the
regulations directly and literally stipulate mandatory
application in the member states and the directive
stipulates implementation through the legislation of
the member states.

Obstacles on the path to an internal electricity
market
According to a report by Eurostat [14] dated July 2006,
within the European Union the most expensive elec-
tricity for households is in Slovakia, while citizens of
Greece set aside the least for electricity. The highest
price for electricity is actually paid by the citizens of
Denmark, 23,62 euros per 100 kilowatt hours (kWh).
However, if the price of electricity is adjusted to pur-
chasing power, then the inhabitants of Slovakia pay
the most for electricity, 24,48 euros per 100 kWh.
Slovakia is followed by ltaly with 20,23 euros, Poland
with 20,05 euros and the Netherlands with 19,15 eu-
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13,71 eura, dok Madari svojim distributerima
elektricne energije placaju u prosjeku 17,14
eura za 100 kWh. Najmanje struju placaju Grci
koje 100 kWh stoji 8,01 eura, a uz njih manje od
10 eura placaju jos i Britanci 9,05 eura i Finci
9,38 eura za 100 kWh.

Industrijski potrosaci apsolutno placaju najvise
u Italiji, 12,08 eura za 100 kWh, a najmanje u
Latviji, 4,09 eura za 100 kWh. No, ako se cijene
prilagode kupovnoj moci, najskuplja je struja
tvrtkama u Madarskoj, gdje one placaju 12,13
eura za 100 kWh, a najjeftinija u Finskoj i Sved-
skoj gdje se placa 4,90 odnosno 4,98 eura za
istu koli¢inu struje. Medu zemljama sa sku-
pljom strujom jos se nalaze Cipar 11,92 eura,
Cegka 11,73 eura, ltalija 11,59 eura i Poljska
10,67 eura, dok jeftiniju struju imaju Francuska

5,24 eura i Danska 5,82 eura za 100 kWh.

Istrazivanje Eurostata za kucanstva bazira se
na potrosnji 3 500 kWh godisnje i ukljucuje sve
poreze | porezna davanja, dok se za industrijske
korisnike bazira napotrosnji2 000 MWh godisnje
i iskljuCuje porez na dodanu vrijednost.

Ovi podaci pokazuju da su razlike u cijenama
elektri¢ne energije medu drzavama Europske
unije i do 260 %, Sto znadi da i dalje egzistira
velika razlika u cijenama i to kako za kucanstva
tako i za industriju. Zato zemlja koja ima znatno
niZu cijenu ne Zeli stranog partnera sa znatno
visom cijenom. Zbog toga se neke drZave ne
Zele odredi kontrole nad cijenama elektricne
energije.

Usporedbe radi, ku¢anstva u Hrvatskoj placaju
oko 30 % nizu cijenu, a industrijski potrosaci
do 20 % manje u odnosu na prosjek cijena
elektri¢ne energije u Europskoj uniji [15].

Europska komisija najavila je razbijanje velikih
europskih energetskih skupina kako bi se
poduprlo prekograni¢no trziSno natjecanje
manjih energetskih tvrtki na trzistu Europske
unije. Komisija smatra da bi za bolje razvijanje
europskog elektroenergetskog trzista treba-
lo provesti vlasnicko razdvajanje proizvodnje
elektricne energije i distribucijskog sustava.
Primjerice, oCekuje se da bi nova europska di-
rektiva mogla zabraniti spajanja i preuzimanja
kao Sto bi bilo ono E.ON-a i Endese. Naime,
europska povjerenica za zastitu trziSnog na-
tjecanja Nellie Kroes smatra da nije mogude
da u vlasniStvu iste tvrtke budu i distribucija
i opskrba i proizvodnja elektricne energije,
odnosnoistodobno vlasnistvo nad proizvodnjom
i prijenosom energije u suprotnosti je pravilima
trziSnog natjecanja. Nova energetska politi-
ka, odnosno izrada novih direktiva najavijena
je za pocetak 2007. godine [16]. Zbog velikih

ros per 100 kWh. In neighboring Slovenia, the citizens
spend 13,71 euros while Hungarians pay an average
of 17,14 euros per 100 kWh to their electricity distrib-
utors. Greeks pay the least for electricity, 8,01 euros
per 100 kWh, and the British and Fins also pay less
than 10 euros per 100 kWh, 9,05 and 9,38 euros re-
spectively.

In absolute terms, industrial consumers pay the
most in Italy, 12,08 euros per 100 kWh, and the least
in Latvia, 4,09 euros per 100 kWh. However, when
electricity prices are adjusted to purchasing power,
the most expensive electricity is sold to companies
in Hungary, where they pay 12,13 euros per 100
kWh and the least expensive in Finland and Sweden,
where the same amount of electricity costs 4,90 and
4,98 euros respectively. Among the countries with
expensive electricity are also Cypress (11,92 euros),
the Czech Republic (11,73 euros), Italy (11,59 euros)
and Poland (10,67 euros), while France and Denmark
have cheap electricity, 5,24 and 5,82 euros per 100
kWh respectively.

The report by Eurostat for households is based upon
consumption of 3 500 kWh annually, including all the
taxes and contributions, while for industrial users
consumption is based upon 2 000 MWh annually and
excludes value added tax.

These data indicate that differences in electricity
prices among countries of the European Union are as
greatas 260 %, which means that there are still major
differences in prices, both for households and indus-
try. Thus, a country that has a significantly lower price
does not want a foreign partner with a significantly
higher price. For this reason, some countries do not
want to relinquish control over electricity prices.

For purposes of comparison, households in Croatia
pay a price that is approximately 30 % lower and in-
dustrial consumers up to 20 % lower than the aver-
age price of electricity in the European Union [15].

The European Commission has announced the
breaking up of the great European energy groups in
order to support cross-border competition by small
energy companies on the market of the European
Union. The commission is of the opinion that it would
be better for the development of the electricity mar-
ket to implement the unbundling of the ownership of
the electricity production system and the distribu-
tion system. For example, it is anticipated that the
new European directives could prohibit mergers and
takeovers, such as occurred with E.ON and Endesa.
The European commissioner for competition, Nellie
Kroes, is of the opinion that it is not possible for the
distribution, supply and production of electricity to be
under the ownership of the same company, i.e. the
simultaneous ownership of the production and trans-
mission of energy is contrary to the rules of market
competition. New energy policy, i.e. the writing of new
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protivijenja lobija iza kojih stoje energetski
divovi joS uvijek nije donesena.

Da otvaranje energetskog trzista ne ispunjava
oCekivanja pokazuju i sljedece reakcije Europ-
ske komisije u 2006. godini. Prvo je u travnju
uslijedilo upozorenje, a nakon toga u prosincu
zahtjev za obrazlozenim misljenjem upucen na
16 zemalja ¢lanica Europske unije o otvaranju
trzista u plinskom i elektroenergetskom sekto-
ru. Medu tim zemljama su i sve najvece Clanice
(Njemacka, Francuska, Italija, V. Britanija, Spa-
njolska i Poljska) [17].

Da Europska komisija vodi ostru borbu protiv
monopolistickog ponasanja najvecih energet-
skih tvrtki potvrduju i sve ¢eSce inspekcijske
kontrole tih kompanija. Tako je ve¢ drugi put u
2006. godini izvrSen pretres prostorija Cetiriju
najvec¢ih njemackih elektroenergetskih kom-
panija. U svibnju zbog sumnje u namjestanje
cijena, a u prosincu radi sumnje da nisu u pot-
punosti koristile svoje kapacitete, Sto je dovelo
do vece cijene elektri¢ne energije [17].

Unato¢ protivljenju Europske komisije daljnjim
spajanjima najvecih europskih energetskih
tvrtki, Celnici tih tvrtki ocekuju nastavak toga
procesa. Evo kako to obrazlaZze predsjednik
uprave njemacke energetske kompanije E.ON
Wulf Bernotat: Logi¢na je teznja kompanija
u energetskom sektoru da budu Sto vece
i da razviju medunarodnu strukturu, zbog
zaoStravanja medunarodne konkurencije na
podrucju nabave. Veliki klijenti laksSe pregovaraju
s proizvodacima poput Gazpromaiili Statoila nego
oni mali. Medunarodne kompanije osiguravaju
odlucujuce poticaje i za razvoj europskog trzista
energije, jer je poticanje prekogranic¢ne trgovine
u njihovom interesu [18].

Medutim, taj isti Celnik E.ON-a deset mjeseci
kasnije, traZi da se njemacke kompanije za-
konom zastiti od neprijateljskog preuzimanja
izvana. Nedopustivo je da kompanije koje na
vlastitim trzistima uZivaju zastitu drzave ku-
puju poduzeca na slobodnim trziStima poput
njemackog, izjavio je Bernotat u razgovoru za
Financial Times Deutschland. Stoga je sas-
vim logi¢no Sto njemacka vlada razmislja o
promjenama zakona o gospodarskim odnosi-
ma s inozemstvom, kako bi se uzeli u obzir
takvi slucajevi, dodaje on. Berlin je odlucio is-
pitati moguénost uvodenja posebnog kontrol-
nog postupka kako bi se pri problemati¢nim
inozemnim ulaganjima vodilo ra¢una o na-
cionalnim sigurnosnim interesima. Nemamo
nikakvih konkretnih bojazni da bi nas netko
mogao preuzeti, napominje ipak Bernotat,
dodaju¢i da je visoka trzisna kapitalizacija
kompanije zasigurno najbolja zastita. Naime,

directives, has been announced for the beginning of
the year 2007 [16]. Due to the great objections of the
lobbies backed by the energy giants, these directives
have still not been adopted.

That the opening of the energy market has not ful-
filled expectations was also indicated by the following
reactions of the European Commission in the year
2006. A warning was issued in April followed by a re-
quest in December sent to sixteen member states of
the European Union for an explanation of positions
on the opening of markets in the gas and electrical
power sectors. These countries included all the larg-
est members (Germany, France, ltaly, Great Britain,
Spain and Poland) [17].

That the European Commission is conducting an
intense battle against the monopolistic behavior of
the largest energy companies is confirmed by the
ever increasing inspection controls of these compa-
nies. Thus, for the second time in the year 2006, the
premises of the four largest German electrical power
companies were searched. In May, this was due to
suspicions of price fixing and in December, due to
suspicions that they had not used their capacities to
the fullest, which led to higher electricity prices [17].

Despite opposition by the European Commission to
the further merger of the largest European energy
companies, the leadership of these firms anticipates
the continuation of this process. As explained by the
chief executive officer of the German power company
E.ON, Wulf Bernotat: The logical aspiration of com-
panies in the energy sector is to be as large as pos-
sible and to develop an international structure, due
to the intensification of international competition in
the area of procurement. Large clients can negotiate
more easily with producers such as Gazprom or iSta-
toil than small ones. International companies also
provide decisive incentives for the development of the
European energy market because stimulating cross-
border exchange is in their interest [18].

However, ten months later that same E.ON official
wanted German companies to be protected from un-
friendly outside takeovers by law. It is unacceptable
for companies that enjoy the protection of the state
on their own markets to purchase enterprises on free
markets such as the German market, said Bernotat
in an interview for the Financial Times Deutschland.
Therefore, it is completely logical that the German
government is considering changing the legislation
on economic relations with foreign countries, in or-
der to take such cases into consideration, he added.
Berlin decided to investigate the possibility of intro-
ducing special control of the procedures so that na-
tional security interests would be taken into account
regarding problematic foreign investments. We have
no concrete fears that someone would be able to take
us over, noted Bernotat, adding that high market
capitalization of a company is certainly the best pro-
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trenutacna je trziSna vrijednost E.ON-a 86 mili-
jardi eura, dodaje on [19]. Ali, za svaki slucaj
neka bude i zastita drzave. Ipak, Sto je sigurno,
sigurno je. Iznenadujuca je ovdje i kvalifikaci-
ja preuzimanja, koje se naziva neprijateljskim.
Cini se da prijateljskog preuzimanja nema i da
ga ne moZze biti, jer su interesi partnera, barem
kada se radi o medunarodnom preuzimanju,
suprotni.

U takvoj situaciji velikih problema u stvarnoj
liberalizaciji trziSta elektri¢ne energije Europs-
ka komisija 2007-01-10. godine iznosi nove
strateske odrednice za objedinjavanje ener-

getskog trZista u Europskoj uniji, prvenstveno
u cilju:

— sniZenja cijena elektri¢ne energije i plina,

— poboljSanja sigurnosti opskrbe (20 %, od-
nosno veci dio iz obnovljivih izvora do 2020.
godine) i

— smanjenja emisije ugljicnog dioksida (sman-
jenje emisiju za 30 % do 2020. u odnosu na
1990. godinu).

Odluka o potrebi snizavanja cijena zahtjev je
prema velikim elektroenergetskim tvrtkama da
politiku cijena prepuste ponudi na trzistu, a da bi
se to postiglo, zahtijeva se izdvajanje prijenosa
i distribucije u potpuno samostalne tvrtke (tvrt-
ke kéeri vise se ne prihvacaju). Pokreta¢ ovog
zahtjeva je Glavna uprava za trZisno natjecanje
Europske unije, koja je zbog prituzbi potrosaca i
uoCenih nepovoljnih kretanja, u svibnju 2006. go-
dine provela niziznenadnih inspekcija u nekim od
najvecih tvrtki, kao Sto su njemacki E.ON i RWE
te francuski GdF, gdje je utvrdeno ponasanje su-
protno zahtjevima slobodnog trzista.

Potpunom otvaranju svojeg elektroenergets-
kog trZista najviSe se opiru u praksi Francuska
i Spanjolska. Francuska se tedko odrice verti-
kalne organizacije svojih elektroenergetskih
tvrtki i nadzora nad cijenama. Privatizacija je
krenula, ali drzava i dalje ostaje vlasnik 70 %
do 90 % u tom sektoru. Na primjeru Francuske
moze se uoCiti Sto se sve skriva iza politike re-
guliranih i slobodnih cijena. Veleprodajna cije-
na je 2001. godine iznosila 25 EUR/MWh, da bi
danas porasla ¢ak na 50 EUR/MWh. Francuska
ima znatno povoljniju cijenu elektri¢ne energi-
je iz nuklearnih elektrana i hidroelektrana od
ostalih ¢lanica Europske unije. Zbog toga ima
niz velikih potrosaca, koji ne Zele da im slobod-
no trziste preotme tu jeftiniju energiju, jer bi se
tada tvornice morale zatvoriti ili preseliti u dru-
ge zemlje. Toga se boji i francuska vlada.

Takav svoj stav Francuzi obrazlazu na sljededi
nacin. Ako se konkurencijom izjednaci, odnos-
no priblizirazina cijena, tada e potrosaci koji su

tection. The current market value of E.ON is 86 bil-
lion euros, he said [19]. However, in any case let there
be state protection. Nevertheless, sure is sure. Here
the qualification of takeovers is surprising, which are
called hostile. It seems that there is no such thing
as a friendly takeover and it cannot exist because the
interests of the parties, at least concerning interna-
tional takeover, are opposed to each other.

In such a situation with great problems in the actual
liberalization of the electricity market, on January 10,
2007, the European Commission issued new strate-
gic guidelines for the integration of the energy mar-
ket in the European Union, primarily with the follow-
ing goals:

— lowering the prices of electricity and gas,

— improving the security of supply (20 %, i.e. the ma-
jority from renewable energy sources by the year
2020) and

— reducing emissions of carbon dioxide (a 30 % re-
duction in emissions by the year 2020, in compari-
son to the year 1990).

The ruling on the need to reduce prices is an order
for large electrical power companies to allow the price
policy to be left to market supply. To achieve this, it is
necessary to unbundle transmission and distribution
into completely independent companies (daughter
companies are no longer acceptable). The initiator of
this demand is the Directorate General for Competi-
tion of the European Union, which due to consumer
complaints and evident undesirable trends conducted
a series of surprise inspections in May 2006 at some of
the largest companies, such as the German E.ON and
RWE and the French GdF, where behavior was found
to be contrary to the requirements of a free market.

In practice, France and Spain are the most highly
opposed to the complete opening of their electric-
ity markets. France finds it difficult to relinquish the
vertical organization of its electrical power compa-
nies and supervision over prices. Privatization has
started but the state is still the owner of 70 % to 90 %
of this sector. Using the example of France, it is
possible to see what is hiding behind the politics of
regulated and free prices. The wholesale price was
25 EUR/MWh in 2001, which has increased today to
50 EUR/MWh. France has a significantly more desir-
able price for electricity from nuclear and hydroelec-
tric power plants than other members of the Euro-
pean Union. For this reason, it has a series of large
customers who do not want the free market to snatch
away this cheap energy, because in such a case the
factories would have to close or move to other coun-
tries. The French government is also afraid of this.

The French explain their position in the following man-
ner. If through competition the price of electricity be-
comes approximately the same, then customers who
had been obtaining electricity from power plants that
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uz elektrane s nizom cijenom kostanja, a koje
su do sada izgradene njihovim doprinosom,
pladati visu cijenu, dok e oni drugi potrosaci
koji su izgradili elektrane sa skupljom cijenom,
placati povoljniju cijenu. Bune se i dionicari
u drzavama Cclanicama s jeftinijim izvorima
elektri¢ne energije, koji su ulagali u energeti-
ku ili u razvoj odredenih grana, jer opravdano
strahuju da ¢e njihovo gospodarstvo izgubiti
dosadasnju konkurentnost. Pobornici potpune
liberalizacije i objedinjavanja trzista elektri¢ne
energije Europske unije istiCu pak da visa cije-
na zapravo potice Stednju, a usmjerava i cije-
lo gospodarstvo u pravcu energetski Stedljivih
proizvoda i trazenje boljih rjesenja. Visa cijena
isto tako potice ulaganje u nove kapacitete i ra-
zvoj, a bolje puni drzavni proracun.

épanjolska je donijela odluku o razdoblju od
14 godina povoljnih cijena elektricne ener-
gije za vlastite potroSace. Glavna uprava za
trzisSno natjecanje Europske unije otvorila je
istragu o ispravnosti te odluke, jer smatra da
¢e biti naruseno slobodno trziSno natjecanje.
Spanjolski potroai bit ¢e povlasteni, a ujedno
Ce zbog niske cijene biti obeshrabreni potenci-
jalni novi proizvodaci energije. Spanjolska vlada
blokirala je u prvoj polovici 2007. godine 37 mi-
lijardi eura vrijednu ponudu njemackog E.ON-a
za preuzimanje njene najveée energetske tvr-
tke Endese, preferirajuci konkurentsku ponudu
koju je podastro Spanjolski Gas Natural SA, uz
argument da je ostanak Endese u Spanjolskim
rukama nacionalni interes, ne obaziruéi se ni
na sluzbena upozorenja i zahtjeve Europske
komisije da se radi o krenju europskih propisa
i da ¢e biti prijavijena Europskom sudu [20].

U Njemackoj se Savezna vlada u sijecnju od-
mah vrlo nepovoljno ocitovala o razdvajanju
vertikalne organizacije svoje elektroenergeti-
ke. Njemacki su ministri (kao i oni francuski)
naglasili da neovisna agencija u Njemackoj
nadzire marzu na prijenosnoj mrezi i da je to
dovoljno osiguranje slobodnoj konkurenciji.
Ujedno su izjavili da bi to razdvajanje imalo vrlo
nepovoljan ucinak na njemacko gospodarstvo i
da za sada to nije prihvatljivo.

Nakon takve reakcije najvecih clanica Europ-
ske unije, Europsko vijece je preoblikovalo
zahtjev za razdvajanjem vertikalne organizacije
u elektroenergetskom sektoru u preporuku,
pravdajuéi se da nije moguce zauzeti Cvrst
stav kada se suoci 27 ministara koji imaju vrlo
oprecna glediSta. Medutim, na sastancima i u
razgovorima svi pozdravljaju razdvajanje i po-
ticaj za ulaganje u prijenosnu mrezu i traze
Cvrste odrednice i objedinjeno trziste.

Istodobno, Europsko vijece je smanjilo zahtjev
za udjelom obnovljivih izvora s 20 % na 10 %,

cost less and that up to now have been constructed
through their contributions will pay a higher price,
while those other customers who built more expen-
sive power plants will pay a lower price. Shareholders
and member states with cheap sources of electrical
energy, who have invested in energetics or the devel-
opment of particular branches, are rebelling because
they are justifiably afraid that their economies will lose
the competitiveness that they have enjoyed until now.
Proponents of the complete liberalization and unifor-
mity of the electricity market of the European Union
emphasize that a higher price actually provides an in-
centive for saving, and orients the entire economy in
the direction of energy saving products and the search
for better solutions. A higher price also provides an in-
centive for investment in new generating capacity and
development, as well as filling state budgets better.

Spain has adopted a decision on a period of 14 years of
favorable electricity prices for its own customers. The
Directorate General for Competition of the European
Union has inaugurated an investigation regarding the
propriety of this decision because it is of the opinion
that free market competition will be disrupted. Span-
ish customers will be privileged and at the same time
potential new energy producers will be discouraged
due to low prices. In the first half of 2007, the Spanish
government blocked an offer worth 37 billion euros
from the German E.ON for the takeover of its largest
power company, Endesa, preferring a competitive of-
fer submitted by the Spanish company Gas Natural
SA, with the argument that it was in national interests
for Endesa to remain in Spanish hands, disregarding
the official warning and demands of the European
Commission that this involved a violation of European
regulations and that it will be reported to the Euro-
pean Court [20].

In January, the Federal Government of Germany
expressed a very unfavorable opinion regarding the
unbundling of the vertical organization of its electri-
cal power sector. German ministers (like the French
ministers) emphasized that an independent agency
in Germany supervises the margin on the transmis-
sion network and that this is sufficient guarantee for
free competition. They also announced that this un-
bundling would have a highly undesirable effect on
the German economy and would be unacceptable for
the present.

After such reactions by the largest member states of
the European Union, theO European Council refor-
mulated the demand for the unbundling of vertical
organizations in the electrical power sector in their
recommendation, with the explanation that it is not
possible to take a firm position when confronting
twenty-seven ministers who have a markedly oppo-
site viewpoint. However, at meetings and in discus-
sions, all salute unbundling and investment incen-
tives in the transmission network and seek firm de-
terminates and a single market.
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osobito biogoriva, koje svakog dana ima sve
vise protivnika, koji upozoravaju na neisplati-
vost i pogresnu usmjerenost zastite prirode.
Potrebne su velike povrsine plodne zemlje,
trosi se dragocjena voda, prijeti opasnost od
kréenja Suma, a iskoristivost bilja je mala.

Sredinom 2007. godine ministri gospodarsta-
va Sest zemalja Europske unije, predvodeni
Njemackom i Francuskom, uputili su pismo
Europskoj komisiji u kojem su izrazili svoje
protivljenje njenim planovima reforme ener-
getskog sektora u kojem navode: Ideju da se
samo potpunim odvajanjem proizvodnje od dis-
tribucije moZe utrti put razvoju trzista elektricne
energije i plina u Europskoj uniji treba odbaciti.
Njemacka i Francuska izrazile su zabrinutost
da bi tim potezom najvece energetske grupe u
te dvije zemlje, EdF i E.ON, bile znacajno osla-
bljene [17].

Medutim, ima i pozitivnih koraka prema jedin-
stvenom europskom energetskom trzistu. Tako
su u lipnju 2007. godine Memorandum o razu-
mijevanju potpisali predstavnici Njemacke,
Francuske, Belgije, Nizozemske i Luksenbur-
ga, kojim su definirali stvaranje jedinstvenog
trzista elektri¢cne energije od 2009-01-01. Od
tog jedinsvenog trzista oCekuju se nize cijene
za potroSace, veca sigurnost opskrbe i veéa
ulaganja u proizvodne kapacitete i prijenosnu
infrastrukturu [16].

Zaklju¢no o razvoju trziSta elektricne
energije u Europskoj uniji
Nakon iznesenih i analiziranih tendencija u
procesu reforme elektroenergetskog sektora
u Europskoj uniji moZe se zakljuciti da se radi
o dugotrajnom procesu, koji u veéini zemalja
jo$ nije u potpunosti dovrsen, ali su ocita na-
stojanja prema potpunom otvaranju trzista
elektri¢ne energije u gotovo svim zemljama.
Pri tome neke zemlje sporije prolaze kroz tran-
zicijski period (Francuska, Spanjolska, Gréka,
Estonija, Latvija), dok su neke zavrsile s osnov-
nim reformama (Engleska, Norveska, Sved-
ska). Medutim, pristupi i praksa u liberalizaciji
trzista elektricne energije pokazuju i dalje ve-
liku raznolikost. Ta raznolikost manjim dije-
lom je posljedica organizacijskog, vlasnickog,
tehnoloskog, povijesnog, zemljopisnog, zakon-
odavnog i op¢edrustvenog naslijeda, a najvedim
dijelom Cinjenica da svaka zemlja u tim proces-
ima restrukturiranja i otvaranja trzista nastoji
maksimalno zastiti svoj gospodarski interes.

Uglavnom iz tog razloga efekti poduzetih re-
formi u elektroenergetskom sektoru ipak nisu
zadovoljavajuci, Sto potvrduju sljedece Cinjeni-
ce:

At the same time, the Council of Europe has reduced
its demand for the percentage of renewable energy
sources from 20 % to 10 %, particularly biofuels,
which every day have an increasing number of op-
ponents who warn of the unprofitability and faulty
orientation of this type of environmental protection.
Biofuels require large areas of fertile land, consume
precious water, pose the danger of clearing forests,
and the efficiency of utilizing plants is very low.

In mid 2007, the ministers of the economy of six
countries of the European Union, led by Germany and
France, sent a letter to the European Commission in
which the expressed their opposition to its plans for
reforming the energy sector, stating that the idea that
only complete separation of production from distribu-
tion can pave the way for the development of the elec-
tricity and gas markets in the European Union must
be rejected. Germany and France expressed concern
that this would significantly weaken the largest energy
groups in their two countries, EdF and E.ON [17].

However, there have been positive steps toward an
integrated European energy market. Thus, in June
2007, the Memorandum of Understanding was signed
by representatives of Germany, France, Belgium, the
Netherlands and Luxembourg, which defined the cre-
ation of an integrated electricity market after Janu-
ary 1, 2009. From this integrated market, lower prices
for customers, greater security of supply and greater
investments in generating capacity and the transmis-
sion infrastructure are anticipated [16].

Conclusions on the development of the electric-
ity market in the European Union
After considering and analyzing the tendencies in the
process of reform of the electrical power sector in the
European Union, it can be concluded that they are
long-term processes, which in the majority of coun-
tries have not been completed in their entirety. How-
ever, there are evident attempts toward fully achieving
the opening of the electricity markets in nearly all of
the countries. Moreover, some countries are passing
more slowly through the transition process (France,
Spain, Greece, Estonia and Latvia), while others have
already completed basic reforms (England, Norway
and Sweden). However, the approaches and practices
in the liberalization of energy markets have contin-
ued to exhibit marked differences. These differences
to a lesser extent are the consequence of the orga-
nizational, ownership, technological, historical, geo-
graphical, legislative and general social legacies, and
for the most part due to the fact that every country in
these processes of the restructuring and opening of
markets attempts to protect its economic interests to
the greatest possible extent.

For this reason, the effects of the reforms undertaken
in the electrical power sector have not been generally
satisfactory, as confirmed by the following:

—Customers have not received the promised lower
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— potroSadi nisu dobili obecane nize cijene.
Objektivni razlozi su rast cijena nafte i plina,
a ostali leZe u Cinjenici prerastanja drzavnih
monopola u jos vece medudrzavne mono-
pole,

— ne ostvaruje se prvobitna namjera direk-
tiva Europske unije - stvaranje unutarnjeg
trzista elektricne energije, jer svaka zemlja
nastoji organizirati nacionalno trziste,

— stvaraju se novi monopoli, velike elektroen-
ergetske tvrtke, koji Sire granice u smjeru
najveée zarade, a zatvaraju ih tamo gdje
gube. U Europskoj uniji sedam najvecih
kompanija (E.ON, RWE, EDF, Vattten-
fall, Enel, Suez/Electrabel i Endesa) ima
vecinski udio na trzistu,

— i dalje egzistira velika razlika u cijenama
elekri¢ne energije medu drZzavama Europ-
ske unije i to kako za kucéanstva tako i za
industriju.

Temeljem iznesenog moze se zakljuciti da Di-
rektive Europske unije ne treba shvatiti kao jed-
inu vodilju reorganizacije vlastitog elektroener-
getskog sektora, ve¢ kao minimum zahtjeva
Europske unije, rukovodeéi se prvenstveno
vlastitim strategijama razvoja i interesima. Hr-
vatska kao mala zemlja ima jos viSe razloga da
se ponasa tako u prilagodbi njenog elektroe-
nergetskog sustava uvjetima globalizacije.

Na kraju, namece se pitanje, kako je moguce
da politika okre¢e kormilo prema demonopo-
lizaciji, a brod ipak plovi gotovo u suprotnom
smjeru? Kao najlogi¢niji odgovor namece se da
se radi o dvostrukoj igri. To potvrduje i nesirenje
velikih igraca na trZista najvedih konkurenata,
iako se radi o susjednim zemljama (Njemacka,
Francuska i Spanjolska).

Tranzicijske zemlje
Proces prilagodbe novim uvjetima za tranzicij-
ske zemlje je daleko teZi, jer su njihovi elektro-
energetski sustavi u te promjene usli sa zna-

¢ajnim negativnim naslijedem:

— prosje€na razina cijena elektri¢ne energije
bila je, a u nekim zemljama je joS uvijek,
niza od realne, tako da se razvoj sustava
osiguravao razliCitim vrstama drZavnog
intervencionizma (proracunsko subven-
cioniranje, kapitalna gradnja iz drzavnih
fondova, drzavna jamstva za kredite i dr.).
Posljednjih godina prije pocetka reforme
elektroenergetskog sektora znacajnijeg
razvoja nije ni bilo,

— elektri¢na energija tretirana je kao opce
dobro koje treba biti dostupno potroSacima
u dovoljnim koli¢inama bez obzira na njenu
cijenu. Takvo stajaliSte diktiralo je politiku

prices. The objective reasons are the increase in
the prices of oil and gas, and the others are due
to the growth of state monopolies into even larger
interstate monopolies.

— The primary intention of the directive of the Eu-
ropean Union is not being realized - the creation
of an internal electricity market, because every
country is attempting to organize a national mar-
ket.

— New monopolies are being created, large electri-
cal power companies that extend their borders in
the direction of the greatest earnings and close
them where there are losses. In the European
Union, the seven largest companies (E.ON, RWE,
EDF, Vattenfall, Enel, Suez/Electrabel and Ende-
sa) have the majority market share.

— There still exist great differences in the prices of
electricity among the countries of the European
Union, for both households and industry.

On the basis of that which has been presented, it can
be concluded that the directive of the European Union
does not have to be understood as the sole guiding
principle in the reorganization of the Croatian electri-
cal power sector but as the minimum requirement
of the EU, primarily guided by our own development
strategies and interests. Croatia, as a small country,
has even more reasons to behave in this manner in
the adaptation of its electrical power system to the
requirements of globalization.

Finally, the question is posed how is it possible for
the rudder to be turned toward demonopolization
while the ship is nonetheless sailing in the opposite
direction. As the most logical response, it is evident
that there is a double game. This is confirmed by the
fact that the biggest players are not expanding to the
markets of their biggest competitors, although they
are neighboring countries (Germany, France and
Spain).

Countries in transition
The process of adapting to the new conditions for
countries in transition is far more difficult because
their electrical power systems and these changes
have a significantly negative legacy:

— the average level of electricity prices was, and in
some countries still is, lower than the real pric-
es, so that the development of the systems was
secured through various types of state interven-
tions (budgetary subsidies, investment construc-
tion from state funds, state guarantees for loans
etc.). in the final years prior to the beginning of
the reform of the electrical power sector, there
had been no significant development,

— electricity is treated as a general good that
should be accessible to customers in sufficient
quantities without regard to its price. such a posi-
tion dictated a policy of unrealistic and low prices
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nerealnih i niskih cijena elektri¢ne energi-
je prema kategoriji potroSnje kucanstva,
Sto je poticalo brojne oblike neraciona-
ne potrosnje i energetski neracionalnog
ponasanja (intezivno koristenje elektricne
energije za grijanje i zagrijavanje vode),

— takvi nerealni odnosi u energetskom sek-
toru otezavaju donosenje strateskih inves-
ticijskih odluka za ulaganje u elektroener-
getske objekte,

— prevelik broj zaposlenih i niska radna
efikasnost,

— pomanjkanjeorganizacijskihimenedZerskih
sposobnosti kod rukovodeceg kadra,

— nepostojanje navedenih polazista koje
imaju razvijene zemlje Europske unije,
odnosno tehnologko, organizacijsko i drugo
zaostajanje u odnosu na te zemlje.

Svi ovi ¢imbenici rezultiraju Cinjenicom da se
proces retrukturiranja elektroenergetskog
sektora i otvaranja trziSta elektricne energije
u tranzicijskim zemljama ostvaruje sporije i uz
odredene probleme. U tom procesu prednjace
zemlje koje su postale ¢lanice Europske unije
2005-05-01. U nekima od tih zemalja reforma
elektroenergetskog sektora tekla je drugacije
od uobiéajene, jer je nakon restrukturiranja
elektroenergetskih tvrtki privatizacija stavljena
u prvi plan, ispred izgradnje i otvaranja trZista
elektri¢ne energije. Tako su tvrtke iz zemalja
Europske unije, koje nisu privatizirane u svojim
zemljama, imale znacajni udio u privatizaciji
elektroenergetskih tvrtki u tim zemljama, jer
su cijene akvizicija bile vrlo povoljne.

NajvaZnije prepreke brZzem otvaranju trZista
elektricne energije u tranzicijskim zemlja-
ma su socijalni problemi koji se generiraju
smanjenjem broja zaposlenih u elektroener-
getskom sektoru i uvodenjem realne cijene
elektri¢ne energije za kucanstva. Realna cije-
na ima negativan utjecaj i na konkurentnost i
profitabilnost gospodarstva tih zemalja. Ipak,
indikativna je opca Zurba provodenja reformi i
to najceSce nastojanjem uvodenja najnapred-
nijih zapadnoeuropskih modela (bar na zako-
nodavnoj razini).

SAD
U restrukturiranje elektroenergetskog sektora
u SAD-u krenulo se znatno kasnije, iz razloga
Sto u SAD-u na razini drzZave, pa ¢ak ni na razi-
ni pojedinih saveznih drZava, nije bilo jedinstve-
nog elektroenergetskog sustava. Evo Sto je o
americkom elektroenergetskom sustavu rekao
predsjednik Bush u govoru 2001-05-17 kojim je
najavio novu stratregiju energetike SAD-a: Da-
nas je nas elektroenergetski sustav skoro jed-
nako kvrgav kao Sto su nase ceste bile prije 80
godina. Rascijepali smo nasu zemlju u desetke

of electricity for the category of household con-
sumption, which stimulated numerous forms of
irrational energy consumption (the intensive use
of electricity for heating and hot water),

— such unrealistic relations in the energy sector
make it difficult to arrive at strategic investment
decisions for investment in electrical power fa-
cilities,

— thereisasurplus of employees and their efficien-
cy is low,

— the managerial personnel lack organizational
and managerial abilities,

— these countries do not have the same starting
point as the developed countries of the European
Union, i.e. they are inferior from the technologi-
cal, organizational and other aspects in relation
to these countries.

All these factors result in the fact that the processes
of the restructuring of the electrical power sector
and the opening of the electricity markets in coun-
tries in transition are being achieved more slowly
and with certain problems. In these processes, the
leading countries are those which became members
of the European Union on May 1, 2005. In some of
these countries, the reform of the electrical power
sector occurred differently, because privatization
was afforded priority after the restructuring of the
electrical power companies, before the construction
and the opening of the electricity markets. Thus, the
companies from the countries of the European Union
that had not been privatized in their countries had a
significant share in the privatization of the electrical
power companies in these countries because the ac-
quisition prices were very attractive.

The most significant obstacles to the rapid opening of
electricity markets in countries in transition are the
social problems that are generated by the cutbacks
in the number of persons employed in the electrical
power sector and the introduction of real electricity
prices for households. Real prices have a negative
impact on both the competitiveness and profitability
of the economies of these countries. Nonetheless,
the general haste to implement reforms, frequently
with the attempt to introduce the most advanced
Western European models (at least at the legislative
level), is indicative.

The United States
The electrical power sector in the United States
started restructuring significantly later, because at
the national level and even at the state level the elec-
trical power systems were not unified. This is what
President Bush said in a speech delivered on May 17,
2001, in which he announced a new energy strategy
for the USA: Today, our electrical system is almost as
bumpy as our highways were 80 years ago. We have
chopped our country into dozens of local electricity
markets, which are haphazardly connected to one
another [21]. The linking of the electrical power sys-
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lokalnih elektrotrzista, koja su nasumic¢no me-
dusobno povezana [21]. U povezivanje elektro-
energetskih sustava SAD-a visokonaponskom
mrezom krenulo se tek 2002. godine, dakle tek
nakon Kalifornijske krize.

U deregulaciju industrije elektri¢ne energije
u SAD-u krenulo se s ciljem povecanja ucin-
kovitosti i sniZenja cijena elektricne energi-
je. Deregulacija trzista energije se u SAD-u
naziva restrukturiranjem, zato Sto nastala
konkurencijska trziSta imaju vise saveznih
pravila od reguliranih trZista koja su zamijenila
[22]. Restrukturiranje zakona je provedeno u
polovici saveznih drzava, predvodenih Kalifor-
nijom, Pensylvaniom, New Jersyjem i Marylan-
dom.

Prva je krenula Kalifornija 1996. godine, prven-
stveno s ciljem sniZenja relativno visoke cijene
elektricne energije. Krajem 1990-ih Kalifornija
je pokusala osigurati kompatibilnost dvostra-
nog trgovanja i sredisnjeg poola. Trebalo je
rijeSiti i problem izgubljenih troskova prijasnjih
reguliranih poduzeca uvlasnistvu ulagaca. Kako
bi se nadoknadili ti troSkovi, tarife elektri¢ne
energije su zaledene na reguliranoj tarifi
10 % nizoj od razine iz 1996. godine i dodan im
je troSak prijelazne konkurencije. Na kraju, kad
su izgubljeni troskovi vraceni i kad su nestale
regulirane tarife, potrosaci su se suocili s vrlo
visokim cijenama veleprodajnog trzista. Kako
bi se odvratilo proizvodace od izvoza operator
sustava skinuo je limit cijene od 250 USD/MWh,
Sto je ubrzo dovelo do porasta cijena do astro-
nomskih 1 400 USD/MWh (godinu prije toga
cijena je iznosila samo 30 USD/MWh) [21]. Da-
kle, umjesto nizih cijena doslo je do suprotnog
i poraznog rezultata, odnosno do 46 puta veéih
cijena za krajnje potroSace, raspada elektroe-
nergetskog sustava i redukcija isporuka elek-
tricne energije. Kalifornijci su prvi spoznali da
povremeno ni rasvjete ne mogu imati ni po ko-

joj cijeni.

Tako se u praksi na drastican nacin pokazalo
koliko moZe biti Stetna loSe provedena dere-
gulacija, odnosno koliko deregulacija moZze biti
losije rjesenje od reguliranog sustava. Zakaza-
lo je dugorocno sagledavanje potreba, odnosno
strategija razvitka elektroenergetskog sektora,
jer cijelo desetljeée u Kaliforniji nije sagradena
veca nova elektrana. Za vrijeme te krize 2000.
godine ukinut je i maloprodajni izbor, iako su
jo8 1998. godine svi kupci imali pravo birati svo-
jeg opskrbljivaca. Ta kalifornijska kriza, koja je
eskalirala 2000. i 2001. godine, znatno je uspo-
rila procese reforme elektroenergetskog sek-
tora u SAD-u.

tems of the United States by a high voltage network
only began in the year 2002, i.e. after the California
crisis.

The United States embarked upon the deregulation of
the electrical power industry with the goal of increas-
ing the efficiency and lowering the price of electric-
ity. Deregulation of the energy markets in the United
States is called restructuring because the new com-
petitive markets have more federal regulations than
the regulated markets that they have replaced [22].
Restructuring legislation was implemented in half of
the states, led by California, Pennsylvania, New Jer-
sey and Maryland.

In 1996, California was the first to start, primarily with
the goal of lowering relatively high electricity prices.
In the late 1990s, California attempted to assure the
compatibility of bilateral trading and a central pool.
It was also necessary to solve the problem of the
recovery of stranded costs incurred by the previously
regulated investor-owned companies. In order to
compensate for these costs, the tariffs for electrical
energy were frozen at a regulated amount that was
10 % lower than the 1996 level, to which was added
the Competition Transition Charge. In the end, when
the stranded costs were returned and tariffs were no
longer regulated, consumers were confronted with
very high prices on the wholesale market. In order to
dissuade producers from imports, the system opera-
tor eliminated the price cap of 250 USD/MWh, which
quickly led to price increases up to an astronomical
1 400 USD/MWh (during the previous year, the price
was only 30 USD/MWh) [21]. Thus, instead of lower
prices, the opposite resulted, i.e. prices that were up
to 46 times higher for the final customer, break-up of
the electrical power system and reduction in electric-
ity delivery. Californians were the first to find out that
occasionally they could not have light at any price.

Thus, it was drastically demonstrated in practice
how detrimental poorly implemented deregulation
can be, i.e. the extent to which deregulation can be
a worse solution than a regulated system. The long-
term forecast of requirements failed, i.e. the develop-
ment strategy of the electrical power sector, because
for an entire decade no major power plants were built
in California. During the 2000 crises, it was no longer
possible for customers to choose their retail sup-
pliers, although in 1998 all customers still had this
right. The California crisis, which escalated in 2000
and 2001, significantly slowed the process of the re-
form of the electrical power sector in the United
States.
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Hrvatska

Zakonodavni okvir
Hrvatska kao potpisnik Sporazuma o stabiliza-
ciji i pridruzivanju i kao kandidat za ¢lanstvo u
Europskoj uniji ima obvezu postupne prilagod-
be drzavnih monopola trziSne naravi uvjetima
koji odgovaraju onima koji postoje na zajednic-
kom trzistu Europske unije.

Nakon dosta istrazivanja, promisljanja i raspra-
va u strucnim krugovima, krajem lipnja 2000.
godine donesen je Program reforme energet-
skog sektora, Sto je znacilo poCetak energetske
reforme u Hrvatskoj. Programom je utvrdeno
razdvajanje temeljnih djelatnosti, odvajanje
sporednih djelatnosti, formiranje trzista ener-
genata i privatizacija energetskih poduzeda.

U srpnju 2001. godine, donesen je paket od pet
energetskih zakona u skladu s tada vrijededim
europskim direktivama o trzistu energenata.
Tri od tih pet zakona definiraju predvidene pro-
mjene u elektroenergetskom sektoru. To su:

— Zakon o energiji,
— Zakon o trZistu elektri¢ne energije i

— Zakon o regulaciji energetskih djelatnosti.

Provedba zakona podijeljena je u tri grupe ak-
tivnosti:

— restrukturiranje energetskih tvrtki,

— donosenje podzakonskih i ostalih akata
predvidenih zakonima i

— izgradnja potrebnih institucija za otvaranje
trzista.

Zaokruzivanje prve faze definiranja normativ-
nih pretpostavki reforme energetskog sektora
zavrseno je u ozujku 2002. godine donoSenjem
Zakona o privatizaciji HEP-a i INE.

Reforma energetskog sektora odnosno pro-
vedba ovih zakona napredovala je sporo, jer
je to za mnoge bilo nesto sasvim novo, put u
nepoznato, a znanja o reformi i otvaranju ener-
getskog trzista su bila skromna. Reforma je
postavila energetske subjekte, drzavnu admi-
nistraciju i kupce elektricne energije u novu
situaciju za koju nisu bili spremni. Zbog toga se
reforma doZivljavala kao teret i protivna inte-
resima energetskih subjekata. Slicne reakcije
bile su prisutne i u zemljama Europske unije na
poCetku provodenja reformi energetskog sek-
tora. Provedbu zakona koCile su i koncepcijske
razlike koje su se pojavile medu energetskim
subjektima vezano za otvaranje trzista i pozi-
cioniranje i ovlasti regulatornog tijela. MoZe se
re¢i da je otvaranje trZiSta elektri¢ne energije
usporeno zbog neslaganja oko koncepta res-
trukturiranja HEP-a, narocito organizacije dje-
latnosti operatora sustava.

Croatia

Legislative framework

Croatia, as a signer of the Stabilization and Associa-
tion Agreement and as a candidate for membership
in the European Union, is committed to the gradual
adaptation of the state-owned monopolies of a mar-
ket nature according to the conditions that corre-
spond to those that exist on the integral market of
the European Union.

After considerable research, deliberation and dis-
cussion in professional circles, in late June 2000
the Program for the Reform of the Electrical Power
Sector was adopted, which signified the beginning of
energy reform in Croatia. According to the Program,
the unbundling of basic operations, the separation
of auxiliary operations, the formation of a market for
energy commodities and the privatization of energy
companies were determined.

In July 2001, a package of five energy acts was ad-
opted in compliance with the prevailing European di-
rectives on the energy commodities market. Three of
these five acts define the anticipated changes in the
electrical power sector, as follows:

— The Energy Act,
— The Electricity Market Act and
— The Regulation of Energy Operations Act.

The implementation of the acts is divided into three
groups of activities:

— the restructuring of the energy companies,

— the adoption of supporting legislation and other
anticipated legislation, and

— the building of the necessary institutions for
opening markets.

The first phase was completed by the definition of the
standard assumptions for the reform of the energy
sector, which was completed in March 2002 with the
adoption of the Privatization of HEP (the Croatian pow-
er company) and INA (the Croatian oil company) Act.

Reform of the energy sector, i.e. the implementation
of the provisions of these laws, has progressed slowly
because for many this was something entirely new,
an unknown path, and knowledge about reform and
the opening of the energy market was modest. Re-
form placed energy companies, state administrators
and electricity customers in a new situation for which
they were not prepared. Therefore, they experienced
reform as a burden and contrary to the interests of
the energy companies. Similar reactions also oc-
curred in the countries of the European Union at
the beginning of the implementation of reforms of
the energy sector. The implementation of legisla-
tion was hindered by conceptual differences that
occurred among the energy companies in connec-
tion with the opening of markets, positioning and the
authority of the regulatory body. It can be said that the
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Preciznije odredbe za rjeSavanje tog pitanja dala
je nova direktiva Europske unije 2003/54/EC.
Sve to utjecalo je na ¢injenicu da nuzni podza-
konski propisi nisu doneseni i trziSte nije zazi-
vjelo. Pokazalo se tako da se korjenite reforme
ne provode jednostavno i bez otpora objektivne,
ali i subjektivne naravi. Uz to, i Europska unija
je usrpnju 2003. godine donijela novu energet-
sku Direktivu 2003/54/EC.

Naprijed navedeno utjecalo je na pokretanje
rasprava i promisljanja o daljnjem tijeku re-
forme energetskog sektora i procesa revizije
postoje¢ih energetskih zakona, Sto je rezul-
tiralo donoSenjem novog Zakona o trZistu
elektri¢ne energije i novog Zakona o regulaciji
energetskih djelatnosti te Zakona o izmjena-
ma i dopunama Zakona o energiji u prosincu
2004. godine. Novim zakonima su zakonska
riesenja iz 2001. godine uskladena s Direkti-
vom 2003/54/ EC, uklonjeni su odredeni ne-
dostaci i nepreciznosti, te je osigurana njihova
realnost i primjenjivost u kontekstu restruktu-
riranja HEP grupe i otvaranja trzista elektric-

ne energije u Hrvatskoj.

Definirana je nova dinamika otvaranja trZista
elektricne energije kroz stjecanje polozaja po-
vlastenog kupca. S danom stupanja na snagu
Zakona o trzistu elektri¢ne energije svi kupci s
godisnjom potrosnjom ve¢om od 20 GWh i svi
kupci koji su prikljueni izravno na prijenosnu
mrezu stekli su status povlastenog kupca.

Dinamika daljnjeg otvaranja trzista elektri¢ne
energije je sljededa:

— 2006-07-01 otvoreno je trziste za kupce s
potrosnjom vecom od 9 GWh, Sto je znadilo
mogucnost biranja opskrbljivaca elektri¢-
nom energijom za stotinjak poduzetnika,
koji su u 2006. godini potrosili oko milijardu
kWh elektricne energije,

— 2007-07-01 trziste je otvoreno za sve kupce
kategorije poduzetnici, odnosno za preko
200 000 potroSaca, Cija je potrosnja u 2006.
godini iznosila 8,5 milijardi kWh elektri¢ne
energije ili 57 % ukupne potrosnje,

— 2008-07-01 status povlastenog kupca dobili
su i potrosaci kucanstva, sto znaci svi kupci
elektri¢ne energije u Hrvatskoj.

| u novim zakonima uoCene su odredene neja-
snoce i nedostaci koji mogu stvarati poteskoce
u provedbi zakona, Sto moZe rezultirati uspo-
renim restrukturiranjem i libralizacijom trzista
elektri¢ne energije.

Radi provodenja reforme sa Sto manje proble-
ma | realizacije zacrtane dinamike otvaranja
trzista elektricne energije bilo je nuzno pravo-

opening of the electricity market was slowed due to
disagreements regarding the concept of restructur-
ing HEP, especially the organization of the activities
of the system operator.

More precise provisions for resolving this question
were provided by the new Directive of the European
Union 2003/54/EC. This all affected the fact that nec-
essary secondary legislative provisions were not ad-
opted and the market did not start operating. It was
shown that radical reforms are not implemented
simply and without resistance of both a subjective
and objective nature. Moreover, in July 2003, the
European Union adopted the new energy Directive
2003/54/EC.

The aforementioned also affected the initiation of dis-
cussions and deliberations on the further course of
the reforms of the energy sector and the process of
the revision of the existing energy legislation, which
resulted in the adoption of a new Electricity Market
Act, a new Regulation of Energy Operations Act and
Amendments to the Energy Act of December 2004.
With the new legislation, the legal solutions from
2001 were coordinated with Directive 2003/54/EC,
certain shortcomings and imprecision were eliminat-
ed, and applicability was insured within the context of
the restructuring of the HEP Group and the opening
of the electricity market in Croatia.

New dynamics were defined for the opening of the
electricity market by defining the status of a preferred
customer. From the day that the Electricity Market
Act went into effect, all customers with an annual
consumption exceeding 20 GWh and all customers
connected directly to the transmission network ob-
tained the status of preferred customers.

The dynamics of the continued opening of the elec-
tricity market are as follows:

— onJuly 1, 2006, the market was opened for cus-
tomers with consumption greater than 9 GWh,
which signified the possibility of choosing elec-
tricity suppliers for approximately a hundred en-
trepreneurs, who in the year 2006 consumed ap-
proximately a billion kWh of electrical energy,

— on July 1, 2007, the market was opened for all
customer categories of entrepreneurs, i.e. for
over 200 000 customers, whose consumption
in the year 2006 amounted to 8,5 billion kWh of
electrical energy or 57 % of total consumption,

— on July 1, 2008, household customers obtained
the status of preferred customers, which meant
all the electricity customers in Croatia.

In the new legislation, a certain lack of clarity and
shortcomings were noted that can create difficulties
in the implementation of the law, which could result
ina delay in the restructuring and liberalization of the
electricity market.
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dobno donosenje svih podzakonskih akata, Sto
je privedeno kraju u 2007. godini.

Svi navedeni propisi zajedno definiraju orga-
nizaciju elektroenergetskog sektora, polozaj
pojedih dijelova sektora, model i organizaciju
trZista elektricne energije, pravila rada i pona-
Sanja i odnose medu akterima.

Organizacijsko restrukturiranje HEP-a
Paralelno s prilagodbom hrvatskih energet-
skih zakona europskim normama, kao dio
opce reforme energetskog sektora, zapoceo
je i proces restrukturiranja HEP-a. Taj proces
determiniran je, s jedne strane pravno-insti-
tucijskim zahtjevima, koji proizlaze iz paketa
hrvatskih energetskih zakona i s druge strane
specifi¢nostima povijesnog naslijeda, odnosno
sadasnjeg stanja razvijenosti elektroenerget-
skog sektora u Hrvatskoj.

Od 2002-07-01 HEP je formalno preoblikovan
u HEP Grupu, koju cine: vladajuce drustvo
Hrvatska elektroprivreda d.d. i ovisna drus-
tva s ogranicenom odgovornosScu. Vladajuce
drustvo HEP Grupe, HEP Matica, izvedeno je iz
dotadasnjeg HEP-a i zadrzalo statusno pravni
oblik dionickog drustva. HEP d.d. nije promije-
nio pravni oblik nego samo sadrzaj svojeg funk-
cioniranja. Ovisna drustva Ciji je osnivac i jedini
vlasnik HEP d.d. osnovana su kao trgovacka
drustva s ogranicenom odgovornoscu, zbog
jednostavnijeg upravljanja.

Nastankom koncerna u HEP Grupi postupno se
stvaraju novi statusno pravni i ugovorni odnosi
koji omogucuju funkcionalnu povezanost izme-
du pojedinih dijelova koncerna i integraciju po-
slovnih funkcija na razini vladajuéeg drustva.

Strateski gledano, izabran je takav model re-
strukturiranja koji bi trebao omoguditi opti-
miranje ekonomskih tokova, ali i interesa svih
interesnih skupina (engl. stakeholdera). Za-
dovoljena je i zadnja Direktiva EU 2003/54/EC,
koja zahtijeva razdvajanje djelatnosti, ali ne i
razdvajanje vlasnistva.

S obzirom na cilj povecanja efikasnosti pos-
lovanja, uz decentralizaciju odlucivanja, kao
logi¢no rjeSenje nametnula se organizacija
HEP Grupe prema modelu centara odgovor-
nosti. Svrha formiranja centara odgovornosti
je efikasnija kontrola troskova, prihoda i
profita i razvijanje trZziSnog ponasanja na nizim
razinama menedzmenta, odnosno krajnji cilj je
povecanje ekonomske djelotvornosti HEP-a. To
znaci decentralizaciju prava na odlucivanje, de-
centralizaciju informacija i odgovornosti. Cen-
tri odgovornosti su paralelno i objekti i subjekti
kontrolnog procesa menedzmenta.

In order to implement reforms with the fewest pos-
sible problems and achieve the charted dynamics for
the opening of the electricity market, it would be nec-
essary to adopt all the secondary legislation, which
was completed in late 2007.

All the cited provisions together define the organiza-
tion of the electrical power sector, the positions of
the individual parts of the sector, the model and or-
ganization of electricity markets, rules for work and
behavior, and the relations among the actors.

The organizational restructuring of HEP
Parallel to the adaptation of Croatian energy legis-
lation to European standards, the process of the re-
structuring of HEP has begun as part of the general
reform of the energy sector. This process is deter-
mined, from the one side, by legal-institutional re-
quirements which ensue from the package of Croa-
tian energy legislation and, from the other side, by
the specific characteristics of the historical legacy,
i.e. the present state of the development of the elec-
trical power sector in Croatia.

As of July 1, 2002, HEP was formally reformed as
the HEP Group, which consists of the following: the
governing company of Hrvatska elektroprivreda d.d.
and subsidiary companies with limited liability. The
governing company of the HEP Group, HEP Head-
quarters (HEP Matica), was formed from the former
HEP and has retained the status of the legal form of
a joint stock company. HEP d.d. did not change its le-
gal form but only the content of its function. The sub-
sidiary companies, whose founder and sole owner is
HEP d.d., were established as limited liability compa-
nies for the purpose of simplifying administration.

With the formation of the HEP Group, new legal sta-
tus and contractual relations are gradually being cre-
ated that facilitate the functional connection among
the individual parts of the concern and the integration
of the business functions at the level of the governing
company.

From the strategic viewpoint, a restructuring model
has been chosen that should facilitate the optimiz-
ing of economic flows but also the interests of all the
stakeholders. The current requirements of Directive
2003/54/EC of the European Union have been met,
which stipulate the unbundling of activities but not
the unbundling of ownership.

Regarding the goal of increasing the efficiency of op-
erations with the decentralization of decision making,
it was a logical decision to organize the HEP Group
according to the model of centers of responsibility.
The purpose of the formation of centers of respon-
sibility is to increase the efficiency of the control of
costs, revenues and profits, and the development of
market behavior at the lower levels of management,
i.e. the ultimate goal is to increase HEP’s economic
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Organizacija HEP Grupe prema modelu cen-
tara odgovornosti znaci povecanje ekonomske
djelotvornosti inkorporacijom trzisne u hijerar-
hijsku paradigmu, koja se temelji na decen-
tralizaciji prava na odlucivanje i uspostavi eko-
nomskih odnosa izmedu centara odgovornosti.
Ti odnosi imaju odredene karakteristike trzis-
nog ponasanja, ali su koordinirani i kontrolirani
od vladajuceg drustva.

Tako su stvorene pretpostavke da organiza-
cijska struktura HEP-a postane prilagodljiva
zahtjevima okoline, projektno i inovacijski ori-
jentirana.

REGULACIJA JE | DALJE
POTREBNA

Uvod

| nakon restrukturiranja elektroenergetskog
sektora djelatnosti prijenosa elektri¢ne energi-
je, distribucije elektri¢ne energije i vodenja su-
stava imaju i dalje karakter prirodnog monopo-
la. To znaci da u tim djelatnostima konkurencija
nije provediva, barem za sada. Uvodenje kon-
kurencije zahtijeva odvajanje konkurencijskih
od jos uvijek reguliranih funkcija.

U industrijama prirodnog monopola potreb-
na je regulacija, ako se Zeli posti¢i ekonoms-
ka ucinkovitost. U tim industrijama, najvece
tvrtke mogu dati najniZe cijene, te tako istje-
rati suparnike s trzista. Tvrtka koja ostaje bez
konkurencije moze odredivati monopolisticke
cijene, smanjujuci kolicinu i djelujuéi na
drustvenu dobrobit. Radi sprjecavaja takvog
ekonomski Stetnog ponaSanja monopolista i
radi strateskog znacenja javnih usluga koje oni
pruZaju u pogledu razvoja i nacionalne sigurno-
sti, na danasnjem stupnju razvoja regulacija se
jednostavno namece kao ekonomska nuznost.

Regulatorski proces predstavlja uravnotezenje
prava i odgovornosti reguliranog subjekta u
kojem se ekonomska moc¢ reguliranog subjekta
uravnotezuje pomodu regulatorske  moci
regulatorske agencije. lako razli¢ita shvacanja
prate razliCite sustave, vecina ih se pouzdaje u
sistem provjere i ravnoteze kako bi bili sigurni
da jedna strana u regulatorskom procesu ne
moze dominirati nad ostalima.

Zbog vaznosti uravnotezenja moci reguliranog
subjekta i regulatora, nuzno je osigurati neo-
visnost izmedu:

— regulatora i ostalih dijelova vlasti kako bi se
smanjio politicki utjecaj na odluke regula-
torai

efficiency. This means the decentralization of deci-
sion-making rights, information and responsibilities.
The centers of responsibility are both objects and
subjects of the management control process.

The organization of the HEP Group according to the
centers of responsibility model signifies the increas-
ing of economic efficiency through the incorpora-
tion of the market paradigm into the hierarchical
paradigm, which is based on the decentralization of
decision-making rights and establishes economic
relations among the centers of responsibility. These
relations have specific characteristics of market be-
havior but are also coordinated and controlled by the
governing company.

Thus, the prerequisites have been created for the or-
ganizational structure of HEP to become adaptable to
the requirements of the environment and oriented to
projects and innovation.

REGULATION IS STILL NECES-
SARY

Introduction

Even after the restructuring of the electrical power
sector, the activities of the transmission of electricity,
distribution of electricity and system control continue
to have the character of natural monopolies. This
means that competition is not feasible in these ac-
tivities, at least for the present. The introduction of
competition requires the separation of competitive
functions from functions that are still regulated.

In industries where there are natural monopolies,
regulation is necessary if the achievement of eco-
nomic efficiency is desired. In these industries, the
largest companies can offer the lowest prices and
thus drive rivals from the market. A company that is
left without competition can set monopolistic prices,
reduce quantities and actin a manner that is contrary
to the common good. In order to prevent such eco-
nomically detrimental behavior by monopolists and
due to the strategic significance of the public services
that they provide in regard to development and na-
tional security, regulation at today’s level of develop-
ment has become an economic necessity.

The regulatory process represents the balancing of
the rights and responsibilities of the regulated sub-
ject in which the economic power of the regulated
subject is balanced with the help of the regulatory
power of the regulatory agency. Although various
systems have various concepts, the majority of them
rely on the system of checks and balances in order to
insure that one party in the regulatory process cannot
dominate the others.
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— regulatora i reguliranog subjekta kako bi
se smanjila moguc¢nost maksimaliziranja
dobiti na racun potrosaca.

VaZnost neovisnosti je tako velika da mnoge
drzave donose zakone o sukobu interesa veza-
ne za ekonomsku regulaciju.

Ciljevi i zadaci regulacije
lako se ciljeviregulatorarazlikuju uraznimzem-
ljama i sektorima, njihov primarni cilj je zastita
kratkorocnih i dugorocnih interesa potrosaca
povecanjem ekonomske ucinkovitosti.

Primarni kratkorocni cilj requlatora elektricne
energije je odredivanje tarifne strukture koja
reguliranom subjektu omoguduje ostvarenje
potrebnih prihoda za pokrice troskova poslova-
nja i razumnu ratu povrata.

Primarni dugoroc¢ni cilj regulatora elektri¢cne
energije je poticanje reguliranog subjekta da
stvori dovoljno prijenosnih i distribucijskih
kapaciteta potrebnih za podmirenje ukupne
potraznje.

Ako regulirani subjekt ima razumnu zaradu
od ulaganja, trebao bi postojati odgovarajuci
poticaj za izgradnjom novih kapaciteta. Ako
regulirani subjekt ostvaruje stopu povrata za
investiciju koja je viSsa od normalne, dobiva
poticaj da gradi viSe kapaciteta nego Sto je to
potrebno. Zbog tog problema regulator u prin-
cipu izdaje neku vrstu dozvole za izgradnju
novih kapaciteta, da bi se utvrdilo jesu li novi
kapaciteti razuman korak. Neki put to od regu-
latora u planiranju integriranih (ili najjeftinijih)
resursa (IRP- Integrated Resource Planning)
traZi da odredi hoce li tehnologija ili sustav koji
je predloZen donijeti najmanje potrebne priho-
de. IRP odreduje najjeftinije planove Sirenja,
tj. uravnoteZenu mjesavinu proizvodnih jedini-
ca te prijenosnih i distribucijskih postrojenja,
uklapajudi krajnje akcije na strani potraznje
[23]. Ta potreba povelava troskove regulacije,
pa se proracun troska u odnosu na dobit mora
napraviti prije ukljuenja regulatora u tu ak-
tivnost. Taj se postupak moZe povjeriti i drugom
regulatoru, povecavajudi kontrolu i ravnotezu u
regulatorskom sustavu.

Zadatak regulacije je poticanje ulaganja do
te mjere koja ¢e biti dovoljna za ispunjenje
zahtjeva potrosaca i za povrat razumne svo-
te uloZenog novca ulagacima. Bududi da se
elektroenergetski sektor restrukturira, posao
regulatora postaje odredivanje trzisnih pravila
koja ce dovesti do konkurencijskih uvjeta u koji-
ma Ce cijene i koli¢ine biti slicne onima u uvjeti-
ma prave konkurencije. Ekonomska regulacija
u mreznim djelatnostima oznacava radnje ko-

Due to the importance of balancing the power of the
regulated subject and regulator, it is necessary to in-
sure independence among the following:

— the regulator and other parts of the authorities,
in order to reduce political influence on the deci-
sions of the regulator and

— the regulator and the regulated subject, in order
to reduce the possibility of maximizing profits at
consumer expense.

The importance of independence is so great that
many countries adopt legislation on conflict of inter-
ests in connection with economic regulation.

The goals and tasks of regulation
Although the goals of regulators differ in various
countries and sectors, the primary goal is the protec-
tion of the short-term and long-term interests of the
consumer by increasing economic efficiency.

The primary short-term goal of the regulator of elec-
trical power is to determine the tariff structure that
makes it possible for a regulated subject to obtain
the necessary revenues in order to cover operational
costs and a reasonable rate of return.

The primary long-term goal of the regulator of elec-
trical power is to stimulate the regulated subject to
create sufficient transmission and distribution ca-
pacities to cover total demand.

If a regulated subject has reasonable earnings from
investment, there should be suitable incentive for the
construction of new generating capacities. If a regulat-
ed subject is obtaining a rate of return on investment
that is higher than normal, it has an incentive to build
more capacities than necessary. Due to this problem,
in principle the regulator issues a type of permit for the
construction of new capacities in order to determine
whether these new capacities are a reasonable step.
Sometimes in integrated resource planning (IRP), the
regulator is required to determine whether a proposed
technology or system will bring in the minimum nec-
essary revenues. Integrated resource planning deter-
mines the least expensive expansion plans, i.e. a bal-
anced mixture of production units and transmission
and distribution installations, and integrated demand
side actions [23]. This requirement increases regula-
tion costs, so that the cost-benefit ratio must be cal-
culated before the regulator becomes involved in this
activity. This procedure can be entrusted to another
regulator, thereby increasing control and balance
within the regulatory system.

The task of regulation is to stimulate investment
to the extent that will be sufficient for meeting the
demands of consumers and for the return of a rea-
sonable amount on investments to investors. Since
the electrical power sector is being restructured, the
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jima se operatorima mreznih sustava na neki
nacin ogranicavaju cijene, prihodi, stopa povra-
taioperativniikapitalni trodkovi [24]. Regulacija
se suoCava s problemom iznalaZenja ravnoteze
izmedu optimalnog koriStenja postojeéih ka-
paciteta i optimalnog povedanja kapaciteta.
Utvrdivanje transparentne i na troskovima
utemeljene tarife za koristenje mreze jedan je
od preduvjeta za uklanjanje zapreka uvodenju
konkurencije na trziste elektri¢ne energije, po-
glavito ukoliko se radi o elektroenergetskom
poduzecu koje obavlja i regulirane (prijenos i
distribucija elektri¢ne energije te vodenje elek-
troenergetskog sustava) i trziSne (proizvodnja
i opskrba elektricnom energijom) djelatnosti.
Tarife za koristenje mreze koje ne odraZzavaju
ekonomske troskove izazivaju neucinkovitost
i distorzije u razvoju prijenosnog i distribucij-
skog sustava.

Nuzni preduvjet za uvodenje transparentne
metodologije za izracun tarifa je provodenje
razdvajanja djelatnosti unutar poduzeca koje
obavlja i regulirane i trZisne djelatnosti. Direk-
tiva 2003/54/EC nalaZe da integrirana elektroe-
nergetska poduzeca vode odvojeno racunovod-
stvo za svaku pojedinu djelatnost, te da se na
taj nacin svakoj od djelatnosti dodjeljuju samo
troskovi koji su vezani za tu djelatnost. Zbog
toga je racunovodstveno razdvajanje djelatnosti
bitni element regulacije, bez kojeg regulatorno
tijelo ne moZe sprijeciti unakrsne subvencije
medu razlicitim dijelovima integriranog elek-
troenergetskog poduzeca.

Vazna zadaca regulacije je kontrola ula-
za i izlaza iz sektora, Sto se regulira pomocu
pravila pristupa. Kod konkurencije stvarni ili
moguci ulaz konkurentskih ponudaca smanju-
je trziSnu mo¢ poduzeca u sektoru. Regulacija
elektricne energije ukljucuje ugovor koji re-
guliranom subjektu daje ekskluzivno pravo za
obavljanje odredene djelatnosti u zamjenu za
podvrgavanje regulatorskoj kontroli. Medutim,
proizvodnja elektricne energije moze biti nus-
proizvod industrijskog procesa (koproizvodnja)
i bilo bi drustveno neucinkovito da se mogudi
visak elektricne energije iz tih industrija ne dis-
tribuira. Zato regulator mora odluciti tko moZze
prodavati elektricnu energiju ekskluzivnom
distributeru i po kojoj cijeni. Sto se tice izlaza,
taj se problem ne pojavljuje na isti nacin kao
kad tvrtke izlaze iz konkurencijskih trzista. Ako
tvrtka bankrotira regulator mora naci novog
vlasnika imovine i koncesije.

Regulacijska iskustva SAD-a
U SAD-u postoji duga tradicija ekonomske re-
gulacije. Jo$ od pocetka dvadesetog stoljeca
nad tvrtkama koje pruZaju javne usluge provodi

task of the regulator has become the determination
of market rules that will lead to competitive condi-
tions in which prices and quantities will be similar to
those under the conditions of genuine competition.
Economic regulation in network activities refers the
means by which limitations are established for net-
work system operators regarding prices, revenues,
rate of return, and operating and capital costs [24].
Regulation encounters the problem of finding a bal-
ance between the optimal use of existing generating
capacity and the optimal increase of capacity. The de-
termination of transparent and cost-based tariffs for
using a network is one of the prerequisites for elimi-
nating obstacles to the introduction of competition
on the electricity market, particularly insofar as this
concerns an electrical power company that also per-
forms regulation (the transmission and distribution
of electricity and the management of the electrical
power system) and market activities (production and
supply of electricity). Tariffs for using a network that
do not reflect the economic costs lead to inefficiency
and distortion in the development of transmission
and distribution systems.

An essential prerequisite for the introduction of trans-
parent methodology for the calculation of tariffs is
the implementation of unbundling within enterprises
that perform both regulatory and market activities.
Directive 2003/54/EC states that an integrated elec-
tricity enterprise should have separate accounting
for each individual activity, in order for each activity
to be assigned only the costs that it incurs. Therefore,
unbundling activities in accounting is an essential el-
ement of regulation, without which a regulatory body
cannot prevent cross subsidies among various parts
of an integrated electrical power enterprise.

An important task of regulation is control of entering
and exiting the sector, which is regulated by means of
access rules. With competition, an actual or possible
entrance of a competitive bidder reduces the market
power of the companies in the sector. The regulation
of electricity includes a contract by which the regu-
lated subject is given the exclusive right to perform
certain activities in exchange for submission to regu-
latory control. However, the production of electricity
can be a by-product of an industrial process (co-
production) and it would be socially inefficient not
to distribute eventual surplus energy from these
industries. Therefore, the regulator must decide
who can sell electricity to the exclusive distribu-
tor and at what price. Regarding exit, that problem
does not occur in the same manner as when com-
panies leave competitive markets. If a company is
bankrupt, the regulator must find a new owner for
the property and concession.

The regulatory experience of the United tates
In the United States, there is a long tradition of eco-
nomic regulation. Since the beginning of the twen-
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se regulacija, tako da se moZe konstatirati da
svjetski proces regulacije javnih usluga ima
svoje korijene upravo u SAD-u. Danasnji je
princip da savezne drzave u SAD-u imaju ne-
ovisna regulatorna tijela [25]. U energetskom
sektoru regulacije prisutna je velika razlicitost,
jer reforma jo$ nije izvrSena u svim saveznim

drzavama.

Posebna pozornost posvecuje se neovisno-
sti regulatornog tijela, do te mjere da regula-
torsko djelovanje moze nalikovati na sudsko
saslusanje. Npr.,, u Kaliforniji, zbog sloZenosti
reguliranja, saslusanja  obi¢no  provode
imenovani suci upravnog prava koji daju
preporuke na temelju dokaza koje podnosi
regulatorsko osoblje, regulirani subjekt i ostale
zainteresirane strane. Takva sudska orijentacija
vodi donosenju odluka od slucaja do slucaja.
Svi ti postupci traju i stvaraju drustveni trosak.
Da bi se smanjio drustveni troSak regulacije,
regulirana tvrtka ima pravo na pravodobnost
procesa, tj. regulatorska agencija i sudski
sustav moraju postivati sudske rokove. S
druge strane, zbog toga Sto regulirani subjekti
mogu smisljeno manipulirati regulatorskim
procesom (odugovlaceci s davanjem informa-
cija regulatoru), i oni se moraju drzati rokova i
procedura, ili bivaju kaznjeni.

U praksi, regulacija u SAD-u dobiva tipi¢nu
prolaznu ocjenu, a mogla bi biti i puno bolja

da se napori koji se ¢ine u deregulaciji okrenu
poboljdanju regulacije [3].

Neki problemi regulacije

Kljucni regulacijski problem koji se tice
djelovanja sustava je kako odrzati pouzdano
djelovanje u podijeljenoj strukturi. Regulirana i
vertikalno integrirana poduzeca su dobrovoljno
suradivala kako bi omogucili djelovanje
pouzdanog sustava koordinacijom  svojih
resursa sa resursima susjednih poduzeda,
znajudida Ce regulirane tarife pokriti zajednicke
troskove. Kod deregulacije, operator sustava
je odgovoran za njegovu pouzdanost. On
kupuje razne pomocne usluge od proizvodaca
i potrosaca kako bi odrzao sustav pouzdanim.
Medutim, pravne odgovornosti operatora sus-
tava (posebice onih koji ne posjeduju imovinu
za prijenos) moraju biti jasno definirane novim
pravilima.

S druge strane, prijenosne mreZe nisu
koncipirane za prijenos elektricne energije s
trzista elektricne energije. Kako bi to mogle
potrebno je osuvremeniti procedure planiran-
ja prijenosa i definirati odgovornosti ulaganja
u prijenos izmedu operatora sustava i vlasni-
ka prijenosa. To posebno vrijedi u slucajevima

tieth century, regulation was imposed over compa-
nies that provided public services. Therefore, it can
be stated that the world process of the regulation of
public services actually has its roots in the United
States. The present principle is that the individual
states in the USA have their own independent regu-
latory bodies [25]. In the regulation of the energy sec-
tor, there are great differences because reform has
still not been completed in each of the states.

Particular attention is devoted to the independence
of the regulatory body, to the extent that regulatory
activity can resemble a court hearing. For example,
in California, due to the complexity of the regulation,
a hearing is usually conducted by appointed judges
of administrative law who make recommendations
on the basis of evidence submitted by the regulatory
personnel, regulated subject and other stakeholders.
Such a judicial orientation leads to decision making
from case to case. All these procedures take time
and incur public expenses. In order to reduce the
public expenses of regulation, the regulated com-
pany has the right to a timely process, i.e. the regu-
latory agency and the court system must respect
court deadlines. From the other side, since regulated
subjects can manipulate the regulatory process in a
premeditated manner (delaying giving information to
the regulator), they must also respect the deadlines
and procedure, or be punished.

In practice, regulation in the United States receives a
typically passing grade. It could be much better if the
efforts made in deregulation were directed toward
improving regulation [3].

Some regulatory problems

A key regulatory problem regarding the activity of a
system is how to maintain reliable activity in a divided
structure. Regulated and vertically integrated enter-
prises have voluntarily cooperated in order to facili-
tate the operation of a reliable system through the
coordination of their resources with the resources of
neighboring enterprises, in the knowledge that the
regulated tariffs will cover joint expenses. In deregu-
lation, the operator of a system is responsible for its
reliability. He purchases various auxiliary services
from producers and consumers in order to maintain
the reliability of the system. However, the legal liabil-
ity of system operators (particularly those who do not
possess property for transmission) must be clearly
defined by new rules.

From the other side, transmission networks were
not conceived for the transmission of electricity from
the electricity market. In order for them to do so, it
would be necessary to modernize the procedures for
the planning of transmission and define the respon-
sibilities for investment in transmission between the
system operator and the owner of transmission. This
is particularly the case when these functions are

Tominov, |., Liberalizacija trzista elektricne energije..., Energija, god. 57(2008), br. 3., str. 256-299



u kojima su te funkcije odvojene. Nadalje,
sustavi s problemima zagusenja u prijenosu
koriste lokacijske cijene kao mehanizam kojim
sudionicima na trzistu Salju prave ekonomske
signale za koriStenje zagusenih puteva. U tom
smislu, sudionici na trziStu mogu poticati
ulaganja u mrezu prema uocenoj ekonomskoj
vrijednosti.

U regulatorskom reZimu koji odreduje prihod
industriji s imovinom koja ima dugi vijek
trajanja, kredibilitet regulatorskih obveza je
vrlo vazan. Prije no Sto ¢e odrediti sredstva za
investicije, ulagace treba uvjeriti da ¢e regulator
dozvoliti buduce prihode koji ¢e jamditi povrat
troskova. Regulator mora imati na umu i
kratkoroCne interese potroSaca u vidu jeftine i
kvalitetne usluge, i njihove dugorocne interese
u vidu sigurne i pouzdane isporuke elektri¢ne
energije u buduénosti.

Uvodenje konkurencije u veleprodaju i malo-
prodaju zahtijeva, gledano ukupno, znatno veéu
regulaciju svih elektroenergetskih djelatnosti u
odnosu na vrijeme regulacije, s jedne strane
radi osiguranja potrebnih uvjeta za funkcioni-
ranje trzista, i s druge strane radi zastite po-
trosaca, u smislu kvalitete i dugoroc¢ne sigur-
nosti opskrbe elektricnom energijom, tako da
bi umjesto o deregulaciji bilo ispravnije govoriti
0 novoj regulaciji.

Cini se da ekonomika prirodnih monopola,
trzista i regulacije nije dovoljna za razumije-
vanje sloZenosti nuznih regulatorskih procesa.
Postoje mnogi problemi prakti¢ne naravi koji bi
se trebali istraZiti na proucavanju konkretnih
primjera, kako bi se postiglo bolje razumijevanje
sloZzenosti reforme elektroenergetskog
sektora.

PROBLEMI | EFEKTI LIBE-
RALIZACIJE TRZISTA ELEK-
TRICNE ENERGIJE

Problemi liberalizacije trzista elektricne
energije
Elektricna energija predstavlja specifi¢nu robu.
PotroSi se unutar jedne desetine sekunde na-
kon proizvodnje, a manje od jedne desetine
sekunde se moze pohraniti kao elektricna en-
ergija u sustavu. Ova fizikalna svojstva stvaraju
proizvod Ciji se krajnji troskovi proizvodnje
ubrzano mijenjaju, a zbog toga se brzo mijenjaju
i toskovi kod isporuke. Troskovi isporuke se ne
mijenjaju ni priblizno tako brzo ni kod jednog
drugog proizvoda.

separate. Furthermore, systems with congestion
problems in transmission use the local prices as a
mechanism by which market participants send gen-
uine economic signals for the use of congested lines.
In this sense, market participants can stimulate in-
vestment in the network according to the assessed
economic value.

In a regulatory regime that determines the revenues
of the industry from property with a long lifetime, the
credibility of the regulatory obligations is very impor-
tant. Before determining the assets for investment,
investors must be convinced that the regulator will
permit future revenues that will guarantee a return of
expenditures. The regulator must also bear in mind
the short-term interests of customers regarding in-
expensive and quality services, together with their
long-term interests regarding the secure and reliable
delivery of electrical energy in the future.

The introduction of competition in wholesale and re-
tail, viewed together, requires significantly greater
regulation of all electricity activities regarding the
period of regulation, from the one side for the pur-
pose of securing the necessary prerequisites for the
functioning of the market and from the other side for
consumer protection in the sense of the quality and
long-term security of the electricity supply. There-
fore, instead of deregulation it would be more correct
to speak of new regulation.

It appears that the economics of natural monopolies,
markets and regulations is not sufficient for under-
standing the complexity of the necessary regulatory
processes. There are many problems of a practical
nature that should be investigated by studying con-
crete examples, in order to achieve better under-
standing of the complexities of the reform of the
electrical energy sector.

PROBLEMS AND EFFECTS OF
THE LIBERALIZATION OF THE
ELECTRICITY MARKET

Problems of the liberalization of the

electricity market

Electrical energy represents a specific good. It is con-
sumed within a tenth of a second after it is produced,
and less than a tenth of a second can be stored as
electrical energy in a system. These physical prop-
erties create a product whose final production costs
fluctuate rapidly, and therefore delivery costs also
fluctuate rapidly. Delivery costs do not fluctuate
nearly as much for any other product.

There are several fundamental problems in the de-
regulation of electricity:
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Postoji nekoliko bitnih problema u deregulaciji
elektri¢ne energije:

— sloZenost elektroenergetskog sustava,
— lokalna trzisSna moci
— nedostaci na strani potraznje elektri¢ne
energije:
- nedostatak mjerenja i obracuna prema
stvarnoj potrosnji i
nedostatak kontrole stvarne potrosnje
energije kod pojedinacnih potrosaca.

Elektroenergetski sustav je delikatan, je-
dinstven sustav, koji se prostire, u pravilu,
na podrucju cijele drZzave. Svi proizvodaci u
sustavu moraju djelovati sinhronizirano do u
sekundu. Napon se mora odrzZavati unutar
5 % ogranicenja, na velikom broju odvojenih
lokacija. To se mora ostvariti na zajednickom
postrojenju, od kojeg polovica (mreza) mora
funkcionirati zbog opceg dobra, a druga polovi-
ca (proizvodaci i opskrbljivaci) funkcionira zbog
razlicitih privatnih interesa.

SloZenost se moze prevladati dovoljno dobro
osmisljenim paketom trzisnih pravila, ali se
problem lokalne tZiSne moci mora, barem za
sada, rjesavati intervencionistickim mjerama.
Do sada je to uspjesno radeno. Npr., viSe od po-
lovice proizvodaca u Kaliforniji je dobilo oznaku
mora raditi, jer su u odredenom trenutku tije-
kom godine kljucni za funkcioniranje sustava.
Zbog toga imaju golemu trziSnu moc te nije bilo
druge moguénosti nego im regulirati cijenu.
San Francisco i New York su, uz ostale gradove,
dZepovi potrosnje, jer potrebuju vise elektricne
energije nego mogu uvesti. Kao posljedica toga,
dva proizvodaca u San Franciscu bi, da nisu
regulirani, imala golemu trziSnu mo¢ za vri-
jeme sati maksimalne potroSnje svakog dana.
Ti su proizvodadi potrebni zbog svoje stvarne
proizvodnje elektricne energije, ali vec¢ina njih
s oznakom mora raditi je potrebna zbog svo-
je reaktivne energije [3]. U takvim situacijama
postavlja se pitanje Sto je od trzista elektri¢ne
energije ostalo, pogotovo tamo gdje se reguli-
ranje cijene odnosi na vecinu proizvodaca.

lako je mijerenje stvarne potroSnje pocelo u
kasnim 1980-im godinama, ono je prekinuto
za potrosace u kuéanstvima, a i gotovo nijedan
potrosac u gospodarstvu ne vidi cijene stvarne
potrosnje. Kao posljedica toga, gotovo nitko od
potroSaca ne reagira na promjene u troskovima
isporucCene energije. Znaci, prvi nedostatak
na strani potraznje uzrokuje pomanjkanje
reagiranja potraznje na cijenu odnosno
pomanjkanje elasticnosti potraznje.

Uz ovajnedostatak, trziste bimoglo funkcionirati
u skladu s ekonomskim principima, ali tu
je i drugi nedostatak na strani potraznje -

the complexity of the electrical power system,
local market power and

— shortcomings on the demand side of electricity:
the lack of metering and billing according to
actual consumption and

the lack of the control of the actual energy
consumption of individual customers.

The electrical power system is a delicate integral
system that extends, as a rule, throughout the terri-
tory of an entire country. All the producers within the
system must operate synchronously within a fraction
of a second. Voltage must be maintained within a
5 % limit at a large number of separate locations.
This must be achieved in a shared system, of which
half (the network) must function for the general good
and the other half (producers and suppliers) are mo-
tivated by various private interests.

The complexity can be overcome with a sufficiently
well thought out package of market regulations but
the problem of local market power must, at least for
the present, be solved through measures of inter-
vention. Until now, this has been successful. For ex-
ample, over half the producers in California are des-
ignated as must run because at a specific moment
during the year they are crucial for the function of the
system. Therefore, they have enormous market pow-
er and there was no other option except to regulate
their prices. San Francisco and New York, in addition
to other cities, are pockets of consumption because
they require more energy than they can bring in. As a
consequence, two producers in San Francisco would
have, if they were not regulated, enormous market
power at the time of maximum consumption every
day. These producers are necessary due to their ac-
tual electricity production but the majority of them
designated as must run are necessary due to their
reactive power [3]. Under such situations, the ques-
tion is asked what has remained of the electricity
markets, especially where price regulation affects
the majority of producers.

Although the metering of actual consumption began
in the late 1980s, this was discontinued for household
customers. Therefore, almost no household custom-
ers see the price of actual consumption. As a conse-
quence, nearly no customers react to changes in the
costs of delivered energy. This shortcoming on the
demand side leads to a lack of reaction to price on
the demand side, i.e. a lack of elasticity of demand.

In addition to this shortcoming, the market should be
able to function in compliance with economic princi-
ples but there is another shortcoming on the demand
side - the option for customers to take energy from
the network without entering into a prior agreement
with the producer [26]. If it were possible toimplement
bilateral contracts with the physical disconnection
of customers who violate the contracted terms, the
market would be able to function in compliance with
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mogucnost potroSaca da uzme energiju iz
mreze bezprethodnogdogovorasproizvodacem
[26]. Kad bi se dvostrani ugovori mogli provoditi
fizickim iskljuCivanjem potrosaca koji prekrse
ugovor, trziste bi moglo funkcionirati u skladu s
teorijom konkurencijskih trzista. Ni na jednom
drugom trzistu nije nemoguce fizicki osigura-
ti provodenje dvostranih ugovora na temelju
vremenske ljestvice promjene cijena. Dakle,
drugi nedostatak na strani potraznje sprjecava
fizicko provodenje dvostranih ugovora i uzro-
kuje to da je u odredenom vremenskom pe-
riodu operator sustava istodobno i nemarni
opskrbljivac.

Zbog Cinjenice da je reakcija potraznje na cije-
nu minimalna, moze se dogoditi da se krivul-
je ponude i potraznje ne krizaju, a to je toliko
velika mana trzista da je ne promislja nijedan
tekst s podrucja ekonomije. Operator sustava
prisiljen je odredivati cijenu barem onda kad
ponuda ne zadovoljava potraznju. Trenutacno,
sva trzista elektri¢ne energije funkcioniraju na
taj nacin i to ¢e se nastaviti sve dok se vrlo sla-
ba elasti¢nost potraznje ne ojaca.

To nisu samo teoretski problemi, ve¢ veliki ne-
dostaci funkcioniranja trzista elektricne energi-
je u praksi, jer dovode do krajnje neprihvatljivih
odnosa troskova proizvodnje i cijena elektricne
energije na trzistima. Dok je prosjecni troSak
proizvodnje oko 35 USD/MWh, a maksimalni
trosak s novom opremom 100 USD/MWh, cije-
ne na mnogim trziStima se krecu od

1000 USD/MWh do 10 000 USD/MWh. Upravo
zbog toga sva Cetiri trzista u SAD-u imaju for-
malne limite na cijene. Uz krajnju neelasti¢nost
potraznje koju uzrokuje prvi nedostatak,
sama nestasica bi prouzrocila visoke cije-
ne, ali potraznja sa nedostatcima udruzena s
nestasicom proizvodi idealne uvjete za stvaran-
je trzidne modi koja jo$ dize cijene [27].

Nakon deset godina postojanja, britansko
se trziste proglasilo neuspjesnim i promi-
jenilo sva svoja trziSna pravila. Kalifornijsko
trzZiste je u samo jednoj godini uspjelo svojim
korisnicima donijeti troSak veci od prizeljkivane
desetogodisnje ustede. U New Yorku su cijene
narasle do vrtoglavih 6 000 USD/MWh u 2000.
godini, a u Novoj Engleskoj je tvrtka morala
zatvoriti svoje izgradene kapacitete zbog
golemih problema s trziSnom moéi [3]. Kolo-
salna i nezamjenjiva uloga elketricne energije,
kako u Zivotu opcenito, tako i u gospodarstvu,
usmjerava sve zemlje da nastoje svoje potrebe
za elektricnom energijom zadovoljiti uz Sto ma-
nju ovisnost o uvozu, Sto predstavlja znacajan
ogranicavaju¢i faktor razvoja efikasnog vele-
prodajnog konkurencijskog trzista.

the theory of market competition. It is not impossible
on any other market to guarantee the physical imple-
mentation of bilateral contracts on the basis of the
changes in price according to a time scale. Thus, this
second shortcoming of the demand side prevents the
physical implementation of bilateral contracts, with
the result that within a specific period of time the sys-
tem operator is also a negligent supplier.

Due to the fact that the reaction by demand to price is
minimal, it can happen that the curves of supply and
demand do not intersect. This is such a great market
shortcoming that such a case is not even analyzed in
any economics texts. The system operator is forced
to determine price, at least when supply does not
meet demand. Currently, all electricity markets are
functioning in this manner and will continue to do so
as long as the elasticity of demand remains weak.

These are not merely theoretical problems but great
shortcomings in the functioning of the electricity
markets in practice, because they lead to extreme-
ly unacceptable ratios between production costs
and the prices of electricity on the markets. While
the average cost of production is approximately
35 USD/MWh, and the maximum cost with new
equipment is 100 USD/MWh, prices on many markets
range from 1 000 USD/MWh to 10 000 USD/MWh. It
is precisely for this reason that all the four markets
in the United States have formal price caps. In addi-
tion to the extreme inelasticity of demand caused by
the first shortcoming, shortages themselves would
cause high prices. However, demand together with
these shortcomings combined with shortages would
lead to the ideal conditions for creating market power
that would further raise prices [27].

After ten years of existence, the British market de-
clared failure and changed all its market regulations.
In only one year, the California market succeeded in
incurring expenses for its customers that exceeded
the savings that had been hoped for over a ten-year
period. In New York, the prices rose to a dizzying
6 000 USD/MWh in the year 2000, and in New Eng-
land a company had to close its construction facili-
ties due to enormous problems with market power
[3]. The colossal and irreplaceable role of electrical
power, both in general life and in the economy, re-
quires all countries to attempt to meet their electric-
ity needs with as little dependence upon imports as
possible, which represents a significantly limiting
factor for the development of an efficient competitive
wholesale market.

In the processes of creating a competitive atmo-
sphere in the electrical power sector, there is also
increasing recognition of the social significance of
electricity supply services in the security of supply,
environmental protection, protection of vulnerable
consumers in respect to the regularity of supply, the
quality of supply and the prices of electricity deliv-
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| u procesima stvaranja konkurencijskog okru-
Zenja u elektroenergetskom sektoru sve vise
se ponovo prepoznaje javni znacaj elektropri-
vrednih usluga i to u sigurnosti opskrbe, zastiti
okolisa i zastiti ugroZenih potroSaca u pogle-
du redovitosti opskrbe, kvalitete opskrbe, ali
i cijene isporucene elektri¢ne energije. Sve to
znadi redukciju slobodnog trzista, prvenstveno
u maloprodaji. To posebno dolazi do izraZaja u
formiranju unutrasnjeg trzista elektricne ener-
gije u EU, gdje se u novoj direktivi 2003/54/EC u
odnosu na prethodnu jaca institut obveze javne
usluge, a sve radi bolje zastite potrosaca, od-
nosno zastite opceg ekonomskog interesa.

lako su ovi problemi i nedostaci ozbiljni, oni
ipak ne znacCe da je liberalizacija osudena na
propast, jer neka trzista dosta dobro funk-
cioniraju. S vremenom bi potraznja na trzistu
trebala razviti dovoljno elasti¢nosti u pogledu
cijena. Ta se promjena u strukturi trzista tre-
ba poticati od pocetka. Odgovorna deregulacija
elekri¢ne energije treba najprije popraviti ne-
dostatke u potraznji, a onda pokrenuti trziste.
Jeftinije je ispraviti njih, nego probleme koje su
ve¢ prouzrocili.
Najtezi i najskuplji problemi novih trZista
elektricne energije se uglavnom ticu trzisSne
strukture. Kad to bude osvijeSteno, te kad
se zaista suocimo s nedostacima na strani
potraznje i problemima trziSne mocii prijenosa,
vjerojatno ¢e se nadi odgovarajuca rjiesenja.

Procjena odnosa troskova i koristi od libe-
ralizacije trzista elektricne energije

U tijeku je intenzivan svjetski proces refor-
me industrije elektri¢ne energije. S obzirom
na Cinjenicu da reformatori vrlo Cesto krivo
procjene rezultate svojih reformi, veliko je pi-
tanje, promatrano globalno, jesu li veci ukupni
drustveni troskovi ili ukupne drustvene koristi
od danas prakticirane deregulacije, odnosno
liberalizacije trzista elektricne energije.

Troskovi liberalizacije trzista elektricne energi-
je iz danasnje perspektive su:

— izgradnja prijenosnih kapaciteta za potrebe
trgovanja elektricnom energijom,

— gubici u gospodarstvu i drustvu, uzrokovani
raspadom elektroenergetskih sustava i re-
dukcijama isporuke, nastali kao posljedica
liberalizacije,

— znatno veca regulativa u elektroener-
getskom sustavu nego Sto je to bilo prije
liberalizacije,

— samo donoSenje, a jos viSe implementaci-
ja i provodenje svih tih novih regula stvara

ered. All of this signifies reduction of the free market,
primarily in retail. This becomes particularly appar-
ent in the formation of the internal electricity market
of the European Union, where in the new Directive
2003/54/EC in comparison to the previous one, the
responsibilities of public services have increased, all
for the purpose of providing better consumer protec-
tion, i.e. the protection of general economic inter-
ests.

Although all these problems and shortcomings are
serious, they nonetheless do not indicate that liber-
alization is doomed to failure because some mar-
kets are functioning well. With time, market demand
would develop sufficient elasticity regarding prices.
This change in the market structure should be stim-
ulated from the beginning. Responsible deregulation
of electricity should first of all correct the shortcom-
ings in demand, and then the market. It is less expen-
sive to correct these shortcomings than the problems
they have already caused.

The most serious and most expensive problems of
the new electricity markets generally concern market
structure. When we become aware of this and genu-
inely confront the shortcomings on the demand side
and the problems of market power and transmission,
we shall probably find the appropriate solutions.

Assessment of the cost-benefit ratio of the lib-
eralization of electricity markets

An intensive worldwide process for the reform of the
electrical power industry is underway. Due to the fact
that reformers very frequently incorrectly assess the
results of their reforms, it is a great question, consid-
ered globally, whether total public costs or benefits
are greater from the deregulation being practiced to-
day, I.e. the liberalization of the electricity markets.

The costs of the liberalization of electricity markets
from today’s perspective are as follows:

— it is necessary to construct transmission ca-
pacities for the requirements of electricity com-
merce,

— there are losses in the economy and society due
to the disintegration of the electrical power sys-
tems and reduction in deliveries that have oc-
curred as consequences of liberalization,

— there are significantly more regulations in the
electrical power system than prior to liberaliza-
tion,

— only the adoption and, even more so, the imple-
mentation of all these new regulations create
significant additional costs for the function of an
electrical power system,

— the functions of the regulatory bodies, market
operator, system operator, exchanges and other
market institutions and structures represent
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znatne dodatne troskove funkcioniranja
elektroenergetskog sustava,

— funkcioniranje regulatornih tijela, operato-
ra trzista, operatora sustava, burzi i drugih
trzisSnih institucija i struktura predstavl-
ja velike nove, odnosno pratece troskove
rada elektroenergetskog sustava. Samo je
budZzet regulatornih tijela 26 europskih ze-
malja (23 ¢lanice Europske unije i 3 kandi-
data za ¢lanstvo) u 2003. godini iznosio oko
200 milijuna eura [28]. Regulirana cijena
elektricne energije, ali i slobodno formira-
na cijena elektri¢ne energije sadrZe i nak-
nadu za obavljanje poslova regulacije ener-
getskih djelatnosti kao i naknadu za obavl-
janje poslova organizacije trzista elektricne
energije,

— rastakanje vertikalno integriranih
elektroenergetskih tvrtki, sustava koji su
izgradivani  desetlje¢ima, razdvajanjem
reguliranih  od  trziSnih  djelatnosti,
odnosno  potpuno  razdvajanje  (osim
vlasnic¢kog) operatora prijenosnog sustava
i operatora distribucijskog sustava od
ostalih energetskih djelatnosti (razdvajanje
racuna, pravno, organizacijsko i upravljacko
razdvajanje), svakako stvara znacajne
izvanredne troSkove (poslovni prostor,
oprema, radnici i dr),

— mogucénost  biranja  opskrbljivaca  za
kupce samo na prvi pogled njima znaci
pogodnost. To kupcima (pogotovo vecim
i velikim) namece potrebu istrazivanja
trzista, odnosno angaziranje konzultanata
i posrednika za sklapanje ugovora, jer
je nova regulativa opsezna i slozena i
predstavlja potpunu nepoznanicu za
kupce. To ¢e za kupce znaciti dodatne
troskove koristenja elektricne energije, uz
vecu neizvjesnost u smislu razine cijene.
| promjena opskrbljivaca izaziva trosSak
kojeg ce placati kupci korisnici te usluge, ili
solidarno svikupci. | za male kupce odnosno
kucanstva, to znaci veéi angazman i brigu
oko snabdijevanja elektricnom energijom,
a koristi, barem Sto se tiCe manje cijene u
odnosu na regulirani sustav, nece biti.

Uz ove direktne troSkove liberalizacije
trzista elektricne energije pojavit ¢e se i
indirektni, zbog napornijeg i stresnijeg rada
i neizvjesnijeg statusa radnika zaposlenih u
elektroenergetskim poduzecima.

Neosporno je da trZiste elektricne energije
donosi  odredene koristi, od kojih su
najznacajnije:

— povecanje efikasnosti poslovanja tvrtki u
trzisnim djelatnostima, a djelomicno i u
monopolnim djelatnostima, zbog poveéane

great new, i.e. additional costs for the operation
of an electrical power system. Only the budget of
the regulatory bodies of 26 European countries (23
member states of the European Union and 3 can-
didates for membership) in the year 2003 amount-
ed to approximately 200 million euros [28],

— regulated electricity prices but also freely formed
electricity prices contain compensation for the
work performed for the regulation of electrical
power activities as well as compensation for the
work performed for the organization of the elec-
tricity markets.

— the unbundling of vertically integrated electrical
power companies, systems that have been built
for decades, the unbundling of regulated opera-
tions from market operations, i.e. the complete
unbundling (except ownership) of the transmis-
sion system operator and the distribution system
operator from the other energy activities (the un-
bundling of accounts; legal, organizational and
administrative unbundling) certainly create sig-
nificant extra expenses (office space, equipment,
personnel etc.).

— affording customers the option of choosing their
suppliers only seems like a benefit to them at
first glance. Customers (especially large ones)
have to investigate the market, i.e. engage con-
sultants and an agent for entering contracts,
because the new regulations are extensive and
complex, representing a complete unknown. This
also means additional customer outlays for the
use of electrical power, together with greater un-
certainty regarding the level of prices. Changes in
suppliers incur expenses that will be paid for by
the customers benefiting from these services or
all customers in solidarity. For small customers
or households, this necessitates greater engage-
ment regarding the electricity supply. At least in
terms of lower prices in relation to the regulated
system, there will be no benefits.

In addition to these direct costs of the liberalization
of electricity markets, there will also be indirect costs
due to the strenuous and stressful work and uncer-
tain status of workers employed by electrical power
companies.

It is indisputable that the electricity market brings
certain benefits, of which the more significant are as
follows:

— increased efficiency of the operations of the com-
pany in market operations, and partially also in
monopoly operations, due to increased regula-
tion (transmission and distribution) in compari-
son to the previous period,

— reduced need for the installation of generating
capacities while maintaining the same level of
system security,

— improved utilization of favorable hydrological
conditions and
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regulacije (prijenosa i distribucije) u odnosu
na ranije razdoblje,

— smanjenje potrebe za instaliranim proi-
zvodnim kapacitetima uz zadrZavanje iste
razine sigurnosti sustava,

— bolje iskoristavanje povoljnih hidroloskih
prilika,

— podizanje razine usluge.

Usporedujuci ovako pobrojene troskove i koristi
implementacije trziSta u elektroenergetski
sektor, teSko se moZe redi da ¢e koristi biti
veée od troskova. Cak suprotno, smatramo
da e troskovi, u fazi provodenja kompletne
reforme  elektroenergetskog  sustava i
implementacije trziSta elektricne energije
znatno nadmasiti koristi. A teSko je vjerovati
da i nakon uhodavanja trziSta elektricne
energije koristi od uvodenja trziSta mogu
nadmasiti njegove sporedne troSkove. Kad bi
se to i dogodilo trosak elektricne energije za
potroSace sigurno nece biti manji, ve¢ samo
visi, jer ¢e svi sudionici trzista, od proizvodaca i
opskrbljivaca do trgovaca, posrednika i brokera,
teziti maksimalizaciji svojih zarada. To je ve¢ na
krajnje neprimjeren i neprihvatljiv nacin vidljivo
na mnogim trzistima.

Cini se da bi bilo globalno daleko efikasnije
da se energiju, vrijeme i sredstva utroSena na
deregulaciju i liberalizaciju usmjerilo na sigur-
nost opskrbe, tehnicki napredak i ekonomsku
ucinkovitost elektroenergetskog sustava.

Efekti liberalizacije trzista elektricne

energije

Temeljem procjene odnosa troskova i koristi od
liberalizacije trzista elektricne energije moze
se reci da liberalizacija nece ostvariti glavni cil]
zbog kojeg je pokrenuta, a to je sniZenje cije-
ne elektri¢ne energije. To se dogodilo samo na
pocetku toga procesa u nekim zemljama Eu-
ropske unije i trajalo je dok je bilo viskova jefti-
ne elektricne energije u istoCnoeuropskim ze-
mljama, odnosno od 1998. do 2002. godine. Od
2003. godine cijene elektri¢ne energije u Europi
imaju uzlazan trend. Sada je svima jasno da su
nize cijene elektricne energije iluzija.

Temeljem ovog nalaza namece se opravdano
pitanje, zbog ¢ega se unato¢ raznim kontrover-
zama i oCitim neuspjesima liberalizacije trzista
elektri¢ne energije (Kalifornija), ipak nesma-
njenim intenzitetom nastavlja taj proces? Cini
se da odgovor lezi u oCekivanjima glavnih ener-
getskih subjekata na tom trzistu, koji ipak oce-
kuju dobru zaradu. Ocekuju da ée uzeti uz svoj
dio i dio kolaca od mnogih drugih od globalnih
koristi liberalizacije trZista elektri¢ne energije.
Uz to pruzaju se i mogucnosti Spekulacija na

— improvement in the level of services.

Comparing the aforementioned costs and benefits
of the implementation of the market in the electrical
power sector, it is difficult to say that the benefits will
be greater than the costs. On the contrary, we are of
the opinion that the costs in the phase of the imple-
mentation of the complete reform of the electrical
power system and implementation of the electricity
market will significantly exceed benefits. It is difficult
to believe that the benefits of the electricity market
could exceed its incidental expenses even afteritis in
full operation. If this were to occur, the price paid by
electricity customers will certainly not be lower but
only higher, because all market participants, from
the producer and supplier to the trader, agent and
broker, will tend to maximize their earnings. This is
already evident on many markets in an extremely in-
appropriate and unacceptable manner.

It seems that it would be globally far more efficient
for the energy, time and assets spent on deregula-
tion and liberalization to be directed to the security
of supply, technical advancement and economic ef-
ficiency of the electrical power system.

The effects of the liberalization of the elec-

trical energy markets

Based upon the estimated cost-benefit ratio from the
liberalization of the electrical energy markets, it can
be said that liberalization will not achieve the main
goal due to which it was initiated, which is the reduc-
tion of electricity prices. This only happened at the
beginning of the process in some of the countries of
the European Union and lasted as long as there were
surpluses of cheap electricity in Eastern European
countries, i.e. from 1998 to 2002. Since the year 2003,
the prices of electrical energy in Europe have shown
an upward trend. Now it is clear to all that lower elec-
tricity prices are an illusion.

Based upon this finding, it is justifiable to ask why,
despite various controversies and obviously unsuc-
cessful liberalization of the electrical power markets
(California), the process has continued with undimin-
ished intensity. It appears that the answer lies in the
expectations of the major energy subjects on this
market, who nonetheless expect good earnings. It is
anticipated that in addition to their part of the cake
they will take part of the cake from many others due
to the global benefits of the liberalization of the elec-
tricity markets. Moreover, there are opportunities for
speculations on the market, where the large energy
subjects are again at an advantage. Since their home
countries support them, and these are generally
large countries, small countries must simply follow
suit.

If regulatory curbs are loosened, quality can come
into question but also the security of supply. This oc-
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trzistu, gdje su opet veliki energetski subjekti u
prednosti. Kako ih podrzavaju njihove maticne
drzave, a to su uglavnom velike drzave, male
zemlje jednostavno moraju slijediti te procese.

U sluéaju popustanja uzdi regulacije moze doci
u pitanje i kvaliteta, ali i sigurnost opskrbe.
To je na najdrasti¢niji nacin doslo do izrazaja
u Kaliforniji, dakle u najrazvijenijoj saveznoj
drZavi prve ekonomske sile svijeta, SAD-a. Kad
se tako nesto moglo dogoditi u najrazvijenijoj
drzavi svijeta, to treba biti znak za poseban
oprez u nasim daljnjim koracima u reformi
naseg elektroenergetskog sektora. Indikativni
su i drugi raspadi elektroenergetskih sustava
u SAD-u, Engleskoj, Finskoj i ltaliji. To znaci da
se prebrza deregulacija i nekontrolirana libe-
ralizacija, uz nedostatak dugorocne strategi-
je razvitka, vracaju kao bumerang s teskim i
dugorocnim posljedicama. Ovi rizici sigurnosti
opskrbe, koji predstavljaju znacajan negativan
efekat liberalizacije, bili su velika opomena i
upozorenje na oprez u liberalizaciji industrije
elektri¢ne energije, Sto je dovelo do zastoja i us-
poravanja procesa liberalizacije. Zato se danas
sve viSe paZznje posvecuje sigurnosti opskrbe i
zastiti okoliSa, a tek onda liberalizaciji. Liberali-
zaciju forsiraju oni koji od nje imaju korist.

Nije ostvaren ni cilj izjednjacavanja cijena, jer
i dalje egzistira velika razlika u cijenama elek-
tricne energije medu drZzavama i to kako za ku-
¢anstva tako i za industriju.

S obzirom na tendenciju zamjene drzavnih
monopola privatnim monopolima i njihovo sve
dublje pustanje korijena, moze se rec¢i da nema
signifikantnog pomaka organizacijske struktu-
re industrije elektri¢ne energije od monopolske
prema konkurencijskoj.

Pozitivni pomaci ucinjeni su na podizanju ra-
zine kvalitete usluge i poveéanju ucinkovitosti
sektora kroz smanjenu potrebu za izgradnjom
i odrzavanjem rezervnih kapaciteta. NajviSe je
ucinjeno na omogucavanju potroSackog izbo-
ra, jer je vecina trzista potpuno otvorena, Sto
znaci da je svim potrosacima omogucen izbor
opskrbljivaca elektricnom energijom. To je viSe
formalno pravo, jer vedina trziSta jos nije do-
voljno razvijena, da bi potrosacdi to pravo mogli
efikasno koristiti.

Ovi nalazi istraZivanja potvrduju da glavni ciljevi
liberalizacije trziSta elektricne energije nisu
ostvareni, pa se moze konstatirati da liberali-
zacija trzista elektricne energije ne ispunjava
ocekivanja. Naprotiv, prema sadasnjem stanju
reformii prema tendencijama u tim procesima,
ti ciljevi, onako kako su na pocetku reformi za-
misljeni i zacrtani, nisu ni ostvarivi.

curred in the most drastic manner in California, i.e. in
the most developed state of the first economic power
in the world, the United States. When something like
this can happen in the most developed state in the
world, this should be a sign that particular caution
should be exercised in our further steps in the reform
of our electrical power sector. Other breakdowns of
the electrical power systems in the United States,
England, Finland and ltaly are also indicative. This
means that too rapid deregulation and uncontrolled
liberalization, together with the lack of a long-term
development strategy, return like boomerangs with
grave and long-term consequences. These risks to
the security of supply, which represent a significant
negative effect of liberalization, were a great admon-
ishment and warning that caution was necessary in
the liberalization of the electrical power industry,
which led to interruptions and delays in the liberal-
ization process. Therefore, today there is increasing
attention devoted to the security of supply and envi-
ronmental protection, and only then to liberalization.
Liberalization is being forced by those who derive
benefit from it.

The goal of price uniformity was also not achieved
because there continue to exist great differences in
the prices of electrical energy among countries, both
for households and industry.

Due to the tendency to replace state monopolies
with private monopolies, which are increasingly tak-
ing deep root, it can be said that there has been no
significant shift in the organizational structure of the
electrical power industry from monopolistic to com-
petitive.

Positive shifts have been achieved in raising the level
of the quality of services and increasing the efficiency
of the sector by reducing the need for the construc-
tion and maintenance of reserve capacities. The most
has been achieved in affording consumers the choice
of an electricity supplier, because the majority of the
markets are completely open. This is more a formal
right because the majority of the markets are not
sufficiently developed in order to allow consumers to
exercise choice in an effective manner.

These research findings confirm that the primary
goals of the liberalization of the electrical power
market have not been achieved. Therefore, it can be
stated that the liberalization of the electricity markets
has not met expectations. On the contrary, according
to the current state of reform and the trends in these
processes, these goals, as conceived and outlined at
the beginning of the reforms, are not feasible.
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ZAKLJUCAK

Globalizacija, kao svjetski i sveobuhvatni pro-
ces, koji mijenja pravila igre u svim sferama
rada i Zivota, ima velikog odraza i na elektro-
energetskom podrucju. Za elektroenergetske
sustave ona znaci prvenstveno restrukturira-
nje, zatim otvaranje elektroenergetskog tr-
Zista i privatizaciju. lako te globalne procese
prate znacajni problemi i kontroverze, pa
zacrtani ciljevi i konacna rjesenja u tim pro-
cesima jo$ uvijek nisu postignuti, bez obzira
na dvojbe koje se otvaraju, na nova pitanja |
probleme na koje se nailazi, navedeni pro-
cesi ipak nezaustavlljivo kroCe naprijed u
najvecem dijelu svijeta. Vedina zemalja Zzeli
ostvariti opce prihvacene standarde i oblike
organizacije elektroenergetskog sektora i
trzista elektricne energije, te se ukljucuje u
regionalne i svjetske energetske tokove. Raz-
like u tim procesima odnose se na varijante
organizacije reguliranih i trzisnih djelatnosti i
samog trzista, dinamiku otvaranja trzista, ob-
lik i sadrzaj regulacije i organizaciju i dostup-
nost javnih usluga.

Razlozi za takvo stanje proizlaze iz Cinjenice da
se radi o vrlo sloZzenim i zahtijevnim procesi-
ma, pa u svim zemljama postoje razliCite vrste
problema u svladavanju reformskih zadaca.
Na usvojena regulacijska rjesenja i planove
za prijelazni period, u kojem se uvode nove
organizacijske strukture, snazno utjecu polazne
toCke industrije elektricne energije te politicke i

institucijske prepreke u svakoj zemlji.

Cini se da deregulacija i liberalizacija, zbog
svoje sloZenosti i netrasiranog puta, a time i
znacajnogdodatnogtroskazaelektroenergetski
sustav, ponistavaju efekte restrukturiranja. To
potvrduju dosadasnji rezultati restrukturiranja
elektroenergetskog sektora u svijetu, koji su
ispod deklariranih i ocekivanih rezultata, a
negdje i potpuno suprotni. Obi¢no pocetna faza
restrukturiranja donosi pozitivne ekonomske
efekte, koje anuliraju znatni dodatni troSkovi
regulatora i subjekata trzisSne infrastruk-
ture, kao | pretjerana i nekontrolirana glad
za maksimalizacijom profita novih privatnih
vlasnika, koja je i posebno opasna za sigurnost
opskrbe potrosaca.

Relativno kratka povijest procesa reforme
elektroenergetskog sektora pokazuje da se jos
dosta toga mora istraziti i nauciti. To najbolje
potvrduju Cinjenice da sve zemlje koje su
krenule u deregulaciju elektroenergetskog
sektora vrée stalnu i znacajnu reviziju svojih
propisa, Sto se poglavito odnosi na Europsku
uniju i njene ¢lanice pojedinacno, alii na ostale
zemlje svijeta.

CONCLUSION

Globalization, as an all-encompassing worldwide
process that changes the rules of the game in all
spheres of work and life, has had a great impact on
the electrical power area. For electrical power sys-
tems, globalization primarily signifies restructuring,
followed by the opening of electricity markets and
privatization. Although these global processes are
accompanied by significant problems and controver-
sies, even if the outlined goals and ultimate solutions
have still not been achieved, and despite the doubts
they create and the new questions and problems they
encounter, these processes are nonetheless forging
ahead inexorably in most of the world. The majority
of countries want to achieve the generally accepted
standards and forms for the organization of the elec-
trical power sectors and electricity markets, and to
be included in the regional and world energy trends.
The differences in these processes concern variants
among the manner of the organization of the regu-
lated and market activities and the markets them-
selves, the dynamics of market opening, the form
and content of regulation and organization, and the
accessibility of public services.

Such a situation has occurred because the processes
involved are highly complex and demanding. There-
fore, all countries have experienced various types
of problems in mastering the tasks of reform. The
adopted regulatory solutions and plans for the tran-
sitional period during which the new organizational
structure is to be introduced have greatly depended
upon the pre-existing state of the electrical power
industry and the specific political and institutional
obstacles in each country.

It appears that deregulation and liberalization, due to
their complexity, the unchartered path, and signifi-
cant added expenses for the electrical power system,
cancel out the effects of restructuring. This has been
confirmed by results to date in the restructuring of
the electrical power sectors in the world, which have
been below those declared and anticipated, and in
some places completely the opposite. Usually, the
initial phase of reconstruction brings positive eco-
nomic effects, which are annulled by the significant
added expenses of the regulator and the subjects of
the market infrastructure, as well as the excessive
and uncontrolled hunger for maximizing profits of the
new private owners, which is particularly dangerous
to the security of supply to customers.

The relatively brief history of the process of the re-
form of the electrical power sector shows that there
is still a considerable amount that must be investi-
gated and learned. This is best confirmed by the fact
that all the countries that have embarked upon the
deregulation of the electrical energy sector are con-
stantly and significantly revising their regulations.
This particularly applies to the European Union and
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Unatoc tome postoji slaganje da se nastavi s:

— uvodenjem konkurencije na veleprodajna i
maloprodajna trzista, dereguliranjem proi-
zvodnje i otvaranjem maloprodaje i

— reguliranjem aktivnosti u mreznim djelat-
nostima.

Moze se reci da je u danasnjoj industriji elek-
tricne energije uinjen znacajan iskorak prema
slobodnom trzistu, kao najboljem alokativnom
mehanizmu i jamstvu dugorocne efikasnosti,
iako joS uvijek ima razilazenja u oCekivanjima
i procjeni daljnjih trendova. Reforme naglasa-
vaju vaznost konkurencije i potrosackog izbo-
ra, ali istodobno ne umanjuju Cinjenicu kako
je ekonomija velicine jedan od klju¢nih pokre-
taca u ovoj industriji. Takoder, treba imati na
umu da deregulacija nije ekvivalent savrsene
konkurencije, za koju je dobro poznato da je
ucinkovita. Ili, drugm rije¢ima, provedba de-
regulacije ne znaci i dostizanje savrsene kon-
kurencije, $to je poseban problem u industriji
elektri¢ne energije zbog njenih specificnosti.
Konkurencijsko trziSte ne moZe kvalitetno
funkcionirati, jer nema adekvatne konkuren-
cije na strani ponude. Ponuda Cesto s napo-
rom ili manjkavo zadovoljava potraznju. Uz to
nema potrebne mobilnosti elektricne energi-
je, odnosno prijenosne moci vodova, narocito
izmedu pojedinih drzava i regija.

TrziSte je korisno i nuZno za postizanje vele
ekonomske efikasnosti. Medutim, ono samo
po sebi nije u moguénosti dosedi iste rezultate
u svim sektorima gospodarstva i upravo zbog
toga potreban je nadzor i korekcija trzista s ci-
ljem minimiziranja njegovih negativnih ucina-
ka. To treba narocito imati u vidu pri konzuma-
ciji trziSta u elektroenergetskom sektoru.

Temeljem svega iznesenog Cini se da krei-
ranje efikasnog trzista elektricne energije nije
moguce, jer na tom putu stoje mnogobrojne, pa
i nepremostive prepreke. To se viSe odnosi na
veleprodajno nego na maloprodajno trziste. Ali
to ne znadi da treba odustati od liberalizacije,
prvenstveno zbog toga Sto su do sada ulozeni
veliki napori i resursi u reformu industrije elek-
tricne energije. Konkurenciju treba poticati u
onim djelatnostima industrije elektri¢ne ener-
gije i u onoj mjeri u kojoj ona postiZe pozitivne
drustvene odnosno globalne efekte.

Povecanje globalne efikasnosti poslovanja
industrije elektricne energije biti ¢e to uspjesnije,
Sto reforme budu vise vodene ekonomskim, a
manje Spekulativnim razlozima. Cini se da jeza
povecanje globalne efikasnosti poslovanja u toj
industriji od forsirane liberalizacije trzista puno
vaznija i korisnija dostupnost novih tehnologija

its member states individually, as well as to the other
countries of the world.

Nevertheless, there is agreement to continue with
the following:

— the introduction of competition on the wholesale
and retail markets through the deregulation of
production and the opening of retail, and

— regulation of the activities in network operations.

It can be said that in today’s electrical power industry,
a significant step has been taken toward a free mar-
ket, as the best allocative mechanism and guarantee
of long-term efficiency, although there are still differ-
ences in the expectations and assessments of future
trends. Reforms stress the importance of competi-
tion and consumer choice, although at the same time
without minimizing the fact that the economy of size
is one of the crucial movers in this industry. Further-
more, it is necessary to bearin mind that deregulation
is not the equivalent of perfect competition, which is
well known to be efficient. In other words, the imple-
mentation of deregulation does not mean achieving
perfect competition, which is a particular problem in
the electrical power industry due to its specific char-
acteristics. Market competition cannot function in a
quality manner because there is insufficient compe-
tition on the supply side. Supply frequently meets de-
mand with difficulty or is insufficient. Moreover, there
is inadequate mobility of electrical energy, i.e. the ca-
pacities of the transmission lines, especially between
individual countries and regions.

A market is useful and necessary for achieving great-
er economic efficiency. However, in itself it is not able
to achieve the same results in all the sectors of the
economy. Precisely for this reason, market supervi-
sion and correction are necessary with the goal of
minimizing the negative effects. This should particu-
larly be borne in mind regarding market consump-
tion in the electrical power sector.

Based upon everything that has been presented,
it seems that the creation of an efficient electricity
market is not possible because there are numerous
and even insurmountable obstacles. This applies
more to the wholesale market than the retail mar-
ket. However, it does not mean that it is necessary to
give up on liberalization, primarily because until now
great efforts and resources have been invested in the
reform of the electrical power industry. Competition
should be stimulated in those operations of the elec-
trical power industry and to the extent that achieve
positive social or global effects.

Increasing the global efficiency of the operations of
the electrical power industry will be more successful
if the reforms are implemented more for economic
reasons rather than speculative ones. It appears that
for increasing the global efficiency of operations in
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svima, a ne samo velikim energetskim this industry, the accessibility of new technology to

tvrtkama, odnosno razvijenim zemljama. all, not only large energy companies or developed
countries, is more important and useful than forced
market liberalization.
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RAD FOTONAPONSKOG PARKA
NA OTOKU KRETI

A PHOTOVOLTAIC PARK'S
PERFORMANCE ON THE
ISLAND OF CRETE

Emmanuel Kymakis - Sofoklis Kalykakis - Thales M. Papazoglou,
Heraklion, Kreta, Grcka

Povoljni klimatski uvjeti otoka Krete i novije zakonodavstvo o obnovljivim izvori-
ma energije pruzaju znatan poticaj za uvodenje fotonaponskih elektrana. U ovom
prikazu predstavljen je fotonaponski park (FN Park) C. Rokas u Sitiji, Kreta i
ocijenjen njegov rad. Taj fotonaponski park, koji je u pogonu od 2002. godine,
ima vrsnu snagu od 170 kWp. Park se na prikladan nacin kontrolira godinu dana
interno, a izraCunavaju se stupanj djelovanja (eng. performance ratio) i razni
gubici snage (temperaturni, oneciscenje, unutarnji gubici u mrezi, energetska
elektronika, raspolozivost i meduspoj mreze). Tijekom 2007. park je u mrezu
isporucio 230 MWh, i to u rasponu od 335 do 870 kWh dnevno. Proizvodnja na
instaliranoj snazi (YF) kretala se od 2 h/d do 5 h/d, a faktor iskoriStenja od 58 %
do 73 %, Sto je rezultiralo godisnjim faktorom iskoristenja od 67,36 %.

The favorable climate conditions of the island of Crete and the recent legis-
lation for the utilization of renewable energy sources, provide a substantial
incentive for the installation of photovoltaic power plants. In this paper, the
grid-connected photovoltaic park (PV park) of C. Rokas SA in Sitia, Crete is
presented and its performance is evaluated. The photovoltaic park has a peak
power of 170 kWp, and has been in operation since 2002. The park is suitably
monitored for a one year internal and the performance ratio and the various
power losses (temperature, soiling, internal network, power electronics, grid
availability & interconnection) are calculated. The PV Park supplied 230 MWh
to the grid during 2007, ranging from 335 kWh to 870 kWh per day. The final
yield (YF) ranged from 2 h/d to 5 h/d and the performance ratio (PR) ranged
from 58 % to 73 %, giving an annual PR of 67,36 %.

Kljucne rijeci : faktor angazZirane snage, fotonaponski park, gubici snage,
ukupna proizvodnja, proizvodnja energije, referentna proizvodnja, faktor
iskoristenja, vrSna snaga

Key words : capacity factor, energy output, final yield, peak power, perfor-
mance ratio, photovoltaic park, power losses, reference yield
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Grcko trziste solarne energije naglo raste i priviaci
ogroman interes investitora zbog nedavno done-
senog zakona o sustavu zajam¢enih cijena [1] koji
jamdi cijenu izmedu 0,4 EUR/KWh i 0,5 EUR/KkWh
za 20-godisnje razdoblje te dopunsku investicijsku
subvenciju od 20 % do 40 %. Prema tome, vrijeme
povrata investicije u Grckoj kao zemlji s vrlo viso-
kom insolacijom mozda je najnize u cijeloj Europi.
Da bi se izvukla korist od takva rasta, analiza stvar-
nog ucinka najveéeg instaliranog fotonaponskog
parka (FN park) u Gr¢koj, posebice na otoku Kreti
s najvisim insolacijskim vrijednostima u Europi, od
velike je vaznosti za definiranje investicijskih oceki-
vanja u smislu ucinkovitosti sustava, a time i gos-
podarske koristi. Nadalje, ocjena radnog ucinka u
odnosu na stvarne podatke omogucava otkrivanje
pogonskih problema, olaksava usporedbu izvedbe-
no razlicitih sustava, te utvrduje interakciju FN par-
ka s lokalnom mrezom, Sto je od velikog znacaja u
nekom velikom autonomnom elektroenergetskom
sustavu kao $to je kretski [2] i [3].

Pilot projekt FN park C. Rokas lociran je u Ksiro-
limniju, Sitia na otoku Kreti. U ovom ¢lanku ana-
liziran je rad mreze na satnoj, dnevnoj i mjesecnoj
osnovi za 2007. godinu. lzvedeni parametri uklju-
Cuju referentnu proizvodnost, proizvodnost grupe
panela, podrucje krajnjeg prinosa, gubitke pre-
tvorbe primarnog oblika energije, gubitke sustava
i stupanj djelovanja.

FOTONAPONSKI PARK (FN
PARK)

FN park C. Rokas najveci je grcki FN park u po-
gonu sa instaliranim kapacitetom 170 kWp koji je
spojen na 20 kV dalekovod. FN park pokriva uku-
pno podrucje od 3 784 m? i aktivno podrucje od
1 142,4 m?. Fotonaponska elektrana sastoji se od
fotonaponskih (FN) modula 1428 MSX 120 Solarex
(engl. BP Solar) od polikristalnog silicija. FN mo-
duli su rasporedeni u 120 paralelnih nizova (engl.
strings), sa po 12 modula u svakom, spojenih na 60
invertera Sunny Boy SB 2500 montiranih na nose-
¢u konstrukeiju, uz Sto se nalaze prikljucne kutije,
instrumentacija za mjerenje zracenja i temperatu-

re, te sustav za zapisivanje podataka.

Inverteri su prikljueni na elektroenergetsku mre-
7u preko transformatora 0,4/20 kV i brojila elek-
tricne energije. FN sustav montiran je na nosecu
konstrukciju od nehrdajuéeg Celika okrenutu pre-
ma jugu pod kutom od 30°. Taj kut nagiba izabran
je da bi se maksimalizirala godisnja proizvodnja
energije. Slika 1 prikazuje FN park, a slika 2 pri-
kazuje jednopolnu shemu prikljucka FN parka na
elektroenergetski sustav.
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INTRODUCTION

The Greek photovoltaic market is rapidly grow-
ing, attracting an enormous investment inter-
est due to the recently launched feed-in tar-
iff (RES law) [1] guarantying a price between
0.4 EUR/kWh and 0,5 EUR/kWh for a 20-year pe-
riod and a supplementary investment subsidy at
20 % to 40 %. Therefore, the payback time of anin-
vestment in Greece with very high insolation may
be the lowest in whole Europe. To benefit from
this growth, the actual performance analysis of
the largest installed photovoltaic Park (PV park)
in Greece, and especially on the island of Crete
with one of the highest insolation values across
Europe, is of great importance in order to set the
investor’s expectations for system performance
and the associated economic return. Further-
more, the performance evaluation with real data
can allow the detection of operational problems,
facilitate the comparison of systems that may dif-
fer with respect to design, and evaluate the inter-
action of the Park with the local grid, which is of
high significance in a large autonomous electric
system, such the Cretan one [2] and [3].

The pilot PV Park C. Rokas is located in Xirolimni,
Sitia, Crete. In this paper, the performance of
the grid connected for the year 2007 has been
analysed on hourly, daily and monthly bases. The
derived parameters include reference yield, ar-
ray yield, final yield array, capture losses, system
losses, and performance ratio.

PHOTOVOLTAIC PARK

The PV Park is the largest operating PV Park in
Greece with an installed capacity of 170 kWp grid
connected to a 20 kV TEP transmission line and
covering a total surface area of 3 784 m?, and an
active area of 1 142,4 m?. The park is comprised
ofa 1428 MSX 120 Solarex (BP Solar) polycrystal-
line silicon PV modules. The PV modules are ar-
ranged in 120 parallel strings, with 12 modules in
each, and connected to sixty Sunny Boy SB 2500
inverters installed on the supporting structure,
plus connection boxes, irradiance and tempera-
ture measurement instrumentation, and data
logging system.

The inverters are linked to the national grid via
a 0,4/20 kV transformer and an electrical energy
meter. The PV system is mounted on a stainless
steel support structure facing south and tilted at
30°. Such a tilt angle was chosen to maximise
yearly energy production. Figure 1 shows the PV
park, and Figure 2 shows a schematic block cir-
cuit diagram of the system’s electrical connec-
tion.
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Slika 1 — Pogled na FN park C. Rokas SA — FN moduli nagnuti su 30°, orijentirani prema jugu
(u pozadini susjedna vjetroelektrana)
Figure 1 — View of the C. Rokas SA Photovoltaic Park, the FN modules are tilted at 30° and oriented south
(the adjacent wind park in the background)
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Slika 2 — Shematski blok dijagram FN sustava
Figure 2 — Schematic block circuit diagram of the FN system

ANALIZA SUSTAVA

FN sustav parka detaljno je analiziran kako bi se
procijenila ucinkovitost sustava pri radu paraleno
s lokalnom elektroenergetskom mrezom. Za
ocjenu ucinkovitosti FN parka proracunati su
ukupna proizvodnost (¥;), referentna proizvodnost
(). stupanj djelovanja - performance ratio (PR) i
faktor optereéenja (CF) prema definiciji standarda
IEC 61 724 [4].

Ukupna proizvodnost (¥;) definira se kao godisnja,

lykakis, S., P: [
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SYSTEM ANALYSIS

The PV Park system has been fully monitored to
assess its performance with the local power grid.
To evaluate the PV Park performance, the final
yield (¥,), the reference yield (), the performance
ratio (PR) and the capacity factor (CF) were calcu-
lated as defined by the IEC Standard 61 724 [4].

The finalyield (Y,) is defined as the annual, monthly

or daily net AC (alternatmg current) energy output
(E) of the system divided by the peak power (P) of
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mjesecna ili dnevna neto proizvodnja elektricne
energije na srednjenaponskoj strani priklju¢nog
transformatora (E) podijeljena s vrSnom snagom
(P) instaliranog fotonaponskog sustava u stan-
dardnim ispitnim uvjetima (SIU) sunceva zracenja
od 1000 W/m? i temperature éelija od 25 °C:

Referentna proizvodnost (Y,) je ukupna solarna in-
solacija na plohi H (kWh/m?) podijeljena s referent-
nim zracenjem za grupu FN panela (kW/m?); dakle,
referentna proizvodnost je broj vrsnih suncanih
sati:

kWhm®]_ #,
kW/m ]

P
L[k

Stupanj djelovanja (PR) je ukupna proizvodnost
podijeljena s referentnom proizvodnosti; on pred-
stavlja ukupne gubitke u sustavu s pretvaranjem
istosmjerne struje (DC) u izmjeni¢nu (AC). Tipicni
gubici FN parka ukljucuju gubitke zbog degradacije
panela (n,,). temperature (y,,). oneciscenja (1),
unutarnje mreZe (n, ). invertera (y, ), transforma-
tora (i) i raspoloZivosti sustava te prikljucenja na
mreZu (i,,). Stoga se stupanj djelovanja (PR) moze
izraziti kao:

PR="F =

YR ndeg : ntem : nsoil

Proizvodnost grupe panela (Y,) definira se kao
godiSnjailidnevna proizvodnja energije FN podrucja
podijeljena s vrsnom snagom (P,) instalirane grupe
FN panela; gubici sustava (L) ukljucuju gubitke
konverzije invertera i transformatora, a gubici pri-
hvata energije unutar grupe panela (L) uzrokovani

su gubicima unutar FN modula u toj grupi:

E
YA :P_A N
Lo=Y =Y,
Ly=Y, -Y;
Kumakis,E., Kalykakis, S., P: T. M., Rad f g parka ....,

: nnet ' ninv ’ ﬂtr : nppc °

the installed PV array at Standard Test Conditions
(STC) of 1000 W/m? solar irradiance and 25 °C cell
temperature:

The reference yield (Y) is the total in-plane solar
insolation H, (kWh/m?) divided by the array refer-
ence irradiance (kW/m?); therefore, the reference
yield is the number of peak sun-hours:

[h] .

The performance ratio is the final yield divided by
the reference yield; it represents the total losses
in the system when converting from nameplate
DC (direct current) rating to AC output. The typical
losses of a PV park include losses due to panel
degradation (ndeg), temperature (1,,.). soiling (n_,).
internal network (i), inverter (g, ), transformer
(n,) and system availability and grid connection
network (). Therefore, the PR can be expressed
as:

The array yield (Y,) is defined as the annual or
daily energy output of the PV array divided by peak
power of the installed PV, the system losses (L)
are gained from inverter and transformer conver-
sion losses, whereas the array capture losses (L)
are due to PV array losses:
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Konacno, faktor opterecenja (CF) definira se kao
omijer stvarne godisnje proizvodnje elektricne en-
ergije i elektricne energije koju bi FN park proiz-
veo kada bi radio snagom punog kapaciteta (P)
neprestano cijele godine:

Y, E

Finally, the capacity factor (CF) is defined as the
ratio of the actual annual energy output and the
amount of energy the PV Park would generate if
operating at full rated power (P) for 24 hours per
day for a year:

H

t

T8760 P.8760 P.8760 7

Trenutno globalno zracenje u zoni grupe FN mod-
ula, temperatura okoline, izlazna DC snaga grupe
FN modula i izlazna AC snaga FN parka bili su
mjereni svakih 10 minuta i spremani u bazu po-
dataka. Mjesecna proizvodnja elektri¢ne energije
na prikljuc¢noj tocki mreze takoder je bila dana od
gréke elektroprivrede PPC (odnosno operatora
mreZe). Potpuni pogonski podaci iz baze podataka
za 2007. godinu bili su uprosjeceni svakih 10 minu-
ta tijekom tipicnog dana i to za cijeli mjesec. Slika
3 prikazuje ukupnu mjesecnu uprosjecenu inso-
laciju u zoni zajedno s mjesecnom temperaturom
okoline uprosje¢enom kroz sate preko dana.

[h/d]

The incident global irradiance in array plane, the
ambient temperature, the DC array output power,
and the PV Park AC output power were measured
every 10 minutes and stored in the logger system.
The monthly AC output energy at the grid con-
nection point was also given by the Greek PPC
(grid connection network). Complete operation
data from the logger for the year 2007 was aver-
aged for every 10 minutes during a typical day per
month. Figure 3 shows the monthly averaged to-
tal in-plane insolation together with the monthly
ambient temperature averaged over the daytime
hours.

Gubici prihvata PV podrugja / PV

Konatan prinos / Final y
Gubici sustava / System I

1 1 m nrs v

Al AV IR VIl v W ¥l ¥i

Slika 3 — Ukupna mjesecna uprosjecena insolacija u zoni i temperatura okoline uprosjecena kroz sate
preko dana u godini 2007.

Figure 3 — Monthly averaged total in-

plane insolation and ambient temperature averaged during the daytime hours over

the year 2007

NajviSa vrijednost ukupne insolacije u plohiiznosi-
la je u srpnju 225 kWh/m?, a najniZa u prosincu
92 kWh/m?. Godiénja insolacija iznosila je 1985
kWh/m? a srednja temperatura okoline 16,46 °C.
U 2007. godini FN park proizveo je 229 MWh, u ra-
sponu od 10,4 MWh (prosinac) do 27 MWh (srpanj)
mjesecno. Slika 4 prikazuje mjesecno uprosjeceni
dnevni konacni prinos, podru¢ne gubitke prihvata
i gubitke sustava. Mjesecno uprosje¢ena dnevna
prozvodnost grupe panela kretala se od 2,25 h/d
(prosinac) do 6,6 h/d (srpanj), a ukupna proizvod-
nost od 1,95 h/d do 5,07 h/d. Prosjecna godisnja

Kumakis,E., Kalyk

kis, S., P:

The highest value of total in-plane insolation was
in July with 225 kWh/m?, and the lowest in Decem-
ber with 92 kWh/m?. The annual insolation was 1
985 kWh/m? and the mean ambient temperature
was 16,46 °C. The PV Park generated 229 MWh
in 2007, ranging from 10,4 (December) to 27 MWh
(July). Figure 4 shows the monthly averaged daily
final yield, array capture losses and system loss-
es. The monthly averaged daily array yield ranged
from 2,25 (December) to 6.6 h/d (July), and the
final yield from 1,95 h/d to 5,07 h/d. The average
annual final yield and reference yield was 1 337
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ukupna proizvodnost i referentna proizvodnost
iznosili su 1 337 sati odnosno 1 984 sati. Mjesecno
uprosjeceni dnevni gubici grupe FN modula kre-
tali su se od 0,54 h/d (studeni) do 1,38 h/d (rujan),
a gubici sustava od 0,29 h/d (prosinac) do 1,52 h/d
(srpanj). Stupanj djelovanja bio je rasporeden u
rasponu od 58 % do 73 %, dok je godiSnja srednja
vrijednost bila 67,36 %.

Ukupna godisnja proizvodnost od 1.337 kWh/kWp
za FN park znacajno je visa od FN parkova u
Njemackoj [5] i sli¢na je FN parkovima u juznoj
Spanjolskoj [6], &to ilustrira ogromne potencijale
ulaganja u otok Kretu. Prosjecni godisnji faktor
angazirane snage iznosio je 15,26 %.

and 1 984 hours, respectively. The monthly aver-
age daily array losses ranged from 0,54 h/d (No-
vember) to 1,38 h/d (September), and the system
losses from 0,29 h/d (December) to 1,52 h/d (July).
The performance ratio was distributed within the
range of 58 % to 73 %, and the annual mean value
was 67,36 %.

The annual final yield of 1 337 kWh/kWp for the PV
Park is significantly higher than PV parks oper-
ated in Germany [5] and similar to parks operated
in Southern Spain [6], demonstrating the huge po-
tential of an investment in the island of Crete. The
average annual capacity factor was 15,26 %.

Gubici prihvata PV podruéja / PV array captur

Kona&an prinos / Final yield
Gubici sustava / System
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EE Konatan prinos / Final yie

Slika 4 — Mjesecno uprosjeceni dnevni konacni prinos, gubici prihvata FN podrudja i gubici sustava
Figure 4 — Monthly averaged daily final yield, FN array capture losses and system losses

Metodologija koja se koristi za analiticki proracun
raznih gubitaka FN parka mozZe se opisati kako
slijedi: SuCevo zracenje u plohi, temperatura
okoline preko dana, DC snaga grupe FN mod-
ula i izlazna AC snaga parka uprosjeCene su u
10-minutnim intervalima tijekom tipicnog dana
mjesecno. Nominalna trenutna DC snaga grupe
FN modula (10 minutni prosjek) i ukupna godisnja
izlazna energija izracunavaju se uporabom poda-
taka o suncevu zracenju i tehnickih specifikacija
koristenih fotonaponskih panela. Zatim se stvarna
izlazna snaga grupe FN modula postepeno simu-
lira uracunavanjem razli¢itih gubitaka uslijed;
degradacije FN modula, gubitaka uzrokovanih
temperaturom i oneciséenjem. Isti se put slijedi
za izracun gubitaka meduspoja, invertera i trans-
formatora koreliranjem stvarne proizvodnje grupe
FN panela s proizvodnjom energije FN parka na
bazi 10-minutnih podataka. Ova metoda pruza re-
alnu procjenu, buduci da su razni gubici stavljeni
u medusobnu vezu i izravno povezani sa stvarnom
trenutnom proizvodnjom energije FN panela i FN
parka.

Kumakis,E., Kalykakis, S., P: lou, T. M., Rad fi

kog parka.....,

The methodology followed to analytically calculate
the various losses of the PV Park can be described
as follows: The in-plane solar radiation, the ambi-
ent daytime temperature, the array DC power and
the park AC output power are averaged with a 10
minutes frequency during a typical day per month.
The nominal instantaneous array DC power per 10
minutes and the total array annual output energy
are calculated using the solar radiation data and
the technical specifications of the photovoltaic
panels used. Then, the real array output power is
simulated gradually adding various losses of the
array; the degradation modulus, the temperature
and the soiling losses. The same routine is fol-
lowed for the calculation of the interconnection,
inverter and transformer losses by correlating the
real array power output with the PV Park power
output with a 10 minutes frequency. This method
gives a realistic estimate, since the various losses
are interrelated and directly linked with the in-
stantaneous real power output of the PV panels
and the PV Park.

Energija, god. 57(2008), br. 3., str. 300-311



Ucinkovitost jednog FN panela ovisi o radnoj tem-
peraturi i energijskoj gustoéi sunceva zracenja.
Kako se povecava temperatura FN panela,
ucinkovitost se linearno smanjuje, buduéi da se
vréna snaga FN panela odnosi na SIU uvjete. U
razli¢itim temperaturama izlazna snaga FN pan-
ela ovisi o razlici temperature panela i SIU tem-
perature (T, — T,,) te o energijskoj gustoci (G)
vjerojatnog sunceva zracenja. Na slici 5 prikazani
su radna temperatura FN modula i temperatura
okolne mjerene u satima izmedu izlaska i zalaska
Sunca kroz promatrano razdoblje.

[°e]

The efficiency of a PV panel depends on the op-
eration temperature and the power density of the
solar radiation. As the temperature of the PV pan-
els increases, the efficiency decreases linearly,
since the peak power of the PV panels refers to
STC conditions. In different temperatures, the out-
put power of the PV panels depends on the differ-
ence between the panel temperature and the STC
temperature (7. — T, ) and on the power density
(G) of the incident solar radiation. The PV module
monthly operating temperature and the ambient
temperature measured during daylight hours over
the monitored period are shown in Figure 5.
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Slika 5 — Mjesecno prosjecna satna temperatura zraka okoline i temperatura FN modula mjerena u satima od izlaska do zalaska
Suncaza 2007.

Figure 5

Ljeti je mjesecno prosjecna satna temperatura FN
modulavariralaizmmedu 22 °Ci31 °C, dok se ambi-
jentalna temperatura kretala izmedu 13 °Ci 18 °C.
Zimi je prosje¢na satna temperatura FN modula
varirala izmedu 10 °C i 12 °C, dok se ambijentalna
temperatura kretala izmedu 6 °Ci 8 °C.

Koeficijent temperaturnih gubitaka (3, ) moze se
izracunati kao:

Monthly average hourly ambient air and FN module temperature measured during daylight hours for 2007

In summer, the monthly average hourly PV mod-
ule temperature varied within 22 °C do 31 °C, and
the ambient temperature ranged between 13 °C
and 18° C. In winter, the average hourly PV module
temperature varied from 10 °C to 12 °C, and the am-
bient temperature ranged between 6 °C and 8 °C.

The temperature losses coefficient (7, ) can be
calculated as:

Mew =1+ B (T, -25), (8)

gdje je:
£ —temperaturni faktor FN panela,

T.—temperatura solarne Celije,
T, —temperatura zraka

Kumakis,E., Kalykakis, S., P:

where;

S —the temperature factor of the PV panel,
T.— PV cell temperature,
T, —the air temperature,
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Temperatura solarne Celije (7,) u korelaciji je s
temperaturom zraka (7,) kako slijedi:

T=T,+"—
NOCT
gdje je:
Tiocr — NOMinalna radna Femperatura c'e[i.jle i
G - energetska gustoca u odredeno vrijeme,
G\ ocr — €nergetska gustoca pri nominalnoj radnoj

temperaturi Celije

Koeficijenti temperaturnih gubitaka izracunati su
na temelju 10-minutnih podatala i godisnji gubici
zbrojeni su na 7,12 %.

U uvjetima neprekidnog rada FN paneli napos-
ljetku postanu pokriveni tankim slojem prljavstine
i prasine, ¢ime se smanjuje koli¢ina svjetla Sto
dospijeva do svake Celije. Koli¢ina gubitka snage
zbog takva oneciscenja (1) ovisi o vrsti prasine
(lokalne poljoprivredne djelatnosti), duzini vreme-
na proteklog od zadnje kise i o programu ciScenja
i odrZavanja. Za konkretni FN park, mjesecni
koeficijenti empiricki su procijenjeni na temelju
studije PVUSA [7] i podataka o padalinama na licu
mjesta. Gubici od oneciscenja iznosili su 4 % do 5 %
u zimskom i 6 % do 7 % u |jetnom razdoblju, Sto je

rezultiralo godisnjim gubicima od 5,86 %.

Kad su se temperaturni gubici i gubici od
oneciscenja dodali nominalnoj proizvodnji energi-
je bez gubitka:

primijeceno je neslaganje od 5 % u usporedbi sa
stvarnom zabiljeZenom izlaznom snagom. To se
neslaganje mozZe pripisati gubicima od degradaci-
je FN panela () tijekom starenja, bududi da je
FN park u punom pogonu od 2002. godine. To se
u potpunosti slaze s eksperimentalnim studijama
kao i s izjavama i jamstvima proizvodaca, time $to
prve energetske deklaracije navode 5 % uz maksi-
malni vijek trajanja od 20 % [8].

Gubicipretvorbeinvertera[pretvaranjeistosmjerne
struje (DC) u izmjeni¢nu struju (AC)] odredeni su
na temelju 10-minutnih podataka oduzimanjem
izlazne DC snage grupe FN panela od izlazne AC
snage te normaliziranjem gubitaka od DC oZi¢enja
i meduspoja (1, = 6 %) i gubitka transformatora
(n, =2 %).

Kumakis,E., Kalykakis, S., P: lou, T. M., Rad fi

kog parka.....,

G
(TNOCT - 20): T, +%

The PV cell temperature (T,) is correlated with the
air temperature (7,) as follows:

(TNOCT _20) 9
where:

T oer — the nominal temperature operational cell
temperature and

G - the power density at the particular time,
G ocr — thepowerdensityatthenominaltemperature

operational cell temperature

The temperature losses coefficients were calcu-
lated with a 10 minutes frequency and the annual
losses were summed to 7,12 %.

The PV panels under continuous operation even-
tually become covered with a fine layer of dirt and
dust, decreasing the amount of light reaching each
cell. The amount of power loss due to soiling ()
depends on the type of dust (local agricultural ac-
tivities), the length of time since the last rainfall and
the cleaning maintenance schedule. For the spe-
cific PV Park, the monthly coefficients were empiri-
cally estimated based on the PVUSA study [7] and
the rainfall data of the site. The soiling losses were
4 % to 5 % during the winter and 6 % to 7 % during
the summer period, resulting in annual losses at
5,86 %.

By adding the temperature and soiling losses to the
nominal array power output without losses:

a 5 % mismatch compared with the real recorded
output power was observed. This mismatch can
be attributed to the PV panel degradation losses
(”deg) during ageing, as the PV Park has been in
full operation since 2002. This is in full agreement
with experimental studies and manufacturers
declarations and warranties, whereas the initial
power declarations lie at 5 % with a lifetime maxi-
mum of 20 % [8].

The inverter [direct current (DC) to the alternating
current (AC)l conversion losses were calculated
with a 10 minutes frequency by subtracting the ar-
ray DC output power from the AC output power,
and by normalizing the DC wiring & interconnec-
tion losses (17, = 6 %), and the transformer losses
(1, =2 %).

Energija, god. 57(2008), br. 3., str. 300-311



Prema tome, izracunati gubici invertera (, )
zbrojeni su na 7,84 %. Konacno, gubici od
mijesecne raspolozivosti i prikljuivanja naciona-
lne mreze ( pc) izracunati su kao omjer prodane

energije PPC-u podijeljene ukupnom izlaznom AC
energijom parka, kako je prikazano na slici 6.

Therefore, the calculated inverter losses (5. ) are

summed to 7,84 %. Finally, the monthly avénivlabil—
ity and national grid connections losses (i, ) were
calculated as the ratio of energy sold to the PPC
divided by the AC overall output energy of the park,

and are shown in Figure 6.
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Slika 6 — Mjesecna izlazna energija FN parka, mjesecna energija prodana PPC-u, i koeficijent gubitaka od raspoloZivosti i
prikljucivanja nacionalne mreze (1,,.)
Figure 6 — Monthly FN Park output energy, monthly sold energy to PPC, and availability and national grid connections losses
coefficient (i7,,.)

Gubici od neraspolozivosti mreZe i prikljucka (#,,.)
kre¢u se od 0,3 % (listopad i studeni) do 19,9 %
(ozujak), uz godisnji prosjek od 4,54 %. Gubici su
vrlo niski (<1 %) u veljadi, travnju, rujnu, listopadu
i prosincu, rastu od svibnja do srpnja, dok su za
sijecanj i oZujak krajnje visoki. Za sada se ti podaci
ne mogu objasniti, jer nema podataka za razdoblja
mirovanja mreze. Medutim, moZe se pretpostaviti
da u sijecnju i ozujku ima znacajno razdoblje kada
mreza odbacuje energiju iz parka. Ovo je znacajna
karakteristika ako se uzme u obzir da je autonom-
ni elektroenergetski sustav Krete najvedi sustav
u Grckoj s najviSom nacionalnom stopom rasta
potraznje za elektroenergijom [2].

Razni godisnji gubici FN parka mogu se sabrati u
Sankeyevu dijagramu na slici 7.

The availability and grid connection losses (#,,.)
range from 0,3 % (October and November) to
19,9 % (March), with an annual average of 4,54 %.
The losses are very low (<1 %) in February, April,
September, October and December, there is an
increase from May until July, whereas for Janu-
ary and March the losses are extremely high. The
data cannot be explained at present, since there
are no available data for the grid off periods. Nev-
ertheless, it can be postulated that in January and
March, there is a significant period, where the grid
rejects the power input from the park. This is an
important feature, taking into account that Crete’s
autonomous electrical system is the largest one
in Greece with the highest rate of increase nation-
wide in energy and power demand [2].

The various annual losses of the PV Park can be
summarized in the Sankey diagram of Figure 7.
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Slika 7 — Sankeyev dijagram proracunatih gubitaka u FN parku; parametri u podebljanom fontu izvedeni su iz stvarnih mjerenja u
okviru analize neobradenih podataka
Figure 7 — Sankey diagram of estimated losses in the FN Park, the parameters in bold are derived from the real measurements raw

data analysis

ZAKLJUCCI

Prezentirano je prvo dugorocno pracenje i analiza
rada jednog FN sustava prikljuenog na mrezu
na otoku Kreti. Moguce je donijeti sljedele
zakljucke:

— prosjecna godisnja proizvodnja energije FN
parka u 2007. godini iznosi 1 337 kWh/kWp,

— prosjeéni godisnji stupanj djelovanja parka
iznosi 67,36 %,

— prosjecni godisnji faktor angazirane snage
iznosi 15,26 %.

Zaklju¢ci u ovom prikazu, u svjetlu nedavno na-
javljenog plana instaliranja fotonaponskog parka
snage 50 MW u megalopolisu Gréke, od velikog su
znacaja.

Ki kis,E., Kalykakis, S., P 1

T. M., Rad fi

CONCLUSIONS

The first long term monitoring and performance
analysis of a grid connected PV system in the island
of Crete has been investigated. The following con-
clusions can be drawn:

— average annual PV Park energy output in 2007
is 1337 kWh/kWp,

— average annual performance ratio of the park
is 67,36 %,

— the average annual capacity factor is 15,26 %.

The conclusions herein, in view of the recently an-
nounced plan to install a 50 MW photovoltaic park
in Megalopolis Greece, are of great importance.

kog parka ...., Energija, god. 57(2008), br. 3., str. 300-311
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PROCJENA RIZIKA STRADAVANJA
RADNIKA DISTRIBUCIJE
ASSESSMENT OF RISKTO
DISTRIBUTION WORKERS

Pavle Filko, Osijek, Hrvatska

Ovaj rad predstavlja analizu rizika stradavanja radnika na odrZavanju postrojenja srednjeg napo-
na distribucijske tvrtke. Proizasao je iz niza istrazivanja (povrede na radu, vrijeme na odrzavanju
postrojenja, kvarovi sa zemljom i kvarovi uzemljivaca) i predstavlja skup svih prikupljenih rel-
evantnih informacija o ugrozi radnika.

VaZnost ovoga rada je Sto se u osnovi bavi kvarovima, zastojima, prekidima, ali i popravci-

ma (predvidanjem, otkrivanjem i otklanjanjem kvarova), odrzavanjima, obnavljanjima,
unaprjedenjima i poboljsanjima tehnickih sustava, kao i posljedicama kvarova, kako u tehni¢kim
sustavima, tako i u okolisu tehnickih sustava.

Radnici distribucije elektricne energije najveéim su dijelom svog radnog vremena na poslovima
odrzavanja elektroenergetskih objekata, tj. elektricnih mreza i postrojenja srednjeg i niskog
napona. Tijekom rada nalaze se u potencijalno opasnoj okolini koja moze ugroziti njihovo zdravlje
i Zivot. Naravno da moraju biti obuceni za rad na siguran nacin i koristiti sredstva zastite na radu,
no opasnosti se time ne uklanjaju u potpunosti, nego se tek time smanjuje moguénost ozljede i
njezina velic¢ina. Sve tvrtke, pa i one koje se bave distribucijom elektricne energije, vode racuna o
troskovima u kojima veliki dio otpada na troskove ljudskog rada. Trosak je stoga i ozljeda rad-
nika za vrijeme rada, sto zbog bolovanja, Sto zbog mogucih odsteta koje ce sve vise biti znacajan
faktor u poslovanju tvrtke. Stoga je potrebno unaprijed sagledati sve potencijalne opasnosti koje
mogu ugroziti zdravlje i Zivot radnika za vrijeme rada na odrzZavanju. Upravljanje takvim riz-
icima postat ¢e sve viSe zadaca svih tvrtki, ne toliko iz humanih razloga, koliko iz razloga drzanja
troskova pod kontrolom.

This article presents an analysis of the risk to workers maintaining the medium-voltage facilities
of distribution companies, as derived from a series of investigations (injuries at work, time spent
on equipment maintenance, ground faults and failures in the grounding system) and represents
a group of all the relevant information collected on hazards to workers.

The importance of this study is that it is basically concerned with failures, stoppages and inter-
ruptions but also repairs (the forecasting, detecting and eliminating of failures), maintenance,
replacement, advancements and improvements in the technical systems, as well as the conse-
quences of failures in technical systems and the surroundings thereof. Electricity distribution
workers spend most of their working time on the tasks of maintaining electric power facilities,
i.e. electricity networks and medium-voltage and low-voltage electric power facilities. While
they are working, they are in a potentially hazardous environment that can endanger their health
and lives. Naturally, they must be trained to work in a safe manner and use protective equip-
ment. This does not completely eliminate the hazards but in this way the potential for injury and
the severity thereof are reduced. All companies, including those engaged in the distribution of
electrical energy, take costs into account, much of which are for human labor. Worker injury dur-
ing working time is also an expenditure, due to sick leave and potential damages, which will be
increasingly significant factors in company operations. Therefore, it is important to review all the
potential hazards that can endanger the health and life of a worker during maintenance work.
The management of such risks will become a growing task for all companies, less for humane
reasons than for keeping costs under control.

Kljucne rijeci: gradska trafostanica 10(20)/0,4 kV, kvar, mrezZa i postrojenje srednjeg
napona, pokazatelj pouzdanosti, povrede na radu, rizik, sustav uzemljenja, vrijeme
odrzavanja

Key words: failure, grounding system, injury at work, maintenance time, medium-volt-
age network and facilities, 10(20)/0,4 kV municipal substation, reliability index, risk
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Ljudska priroda poti¢e na uporabu svega vr-
jednijeg radi ostvarenja povecanja vrijednosti.
Tako su u posljednje vrijeme i tehnicki sus-
tavi prijenosa i distribucije elektricne energije
pojacano izlagani riziku kako bi svojim radom
donosili povecéanje vrijednosti svom vlasniku.

Prodaja  elektricne  energije  kupcima,
u Hrvatskoj, ovisi (joS vise u neposred-
noj buducnosti) i o kvaliteti kao i o koli¢ini
isporucene elektri¢ne energije, a to pak ovisi o
mjestu, broju i duzini trajanja kvarova opreme.
Mjesto i broj kvarova opreme ovise o veliCini
potrosnje, o stanju opreme kao i o njenom
odrzavanju. O stanju opreme takoder ovisi i riz-
ik stradavanja radnika koji je odrzavaju. No, ist-
odobno ti radnici na odrzavanju svojim radom
povecavaju njezinu kvalitetu, Sto smanjuje broj
kvarova i broj mjesta kvara te to trazi povecanje
njihovog angazmana. Veci radovi na odrZavanju
znace i vedi rizik od stradavanja radnika. Stoga
se postavljaju pitanja: koliko Cesto moraju ekipe
odlaziti u postrojenja zbog odrzavanja, koji je
rizik od nesreca na radu od udara elektri¢ne
energije za radnike distribucije, kako smanijiti
te rizike?

OSNOVNE POSTAVKE
TEORIJE RIZIKA

Pretpostavke

— postrojenja nemaju stalnu posadu pa su
za preventivno, korektivno i kombinirano
odrzavanje potrebne planirane posjete
ekipa radnika i njihove radne aktivnosti u
potencijalno opasnom okoliSu,

— postrojenje bi zbog losijeg odrzavanja bilo
sklonije kvarovima, nerentabilnije, ali i
opasnije za radne ekipe,

— postoji i stanje odrzavanja kada bi precesto
i preveliko odrzavanje znacilo veliki trosak
za rad ekipa, a raspoloZivost postrojenja
(kvaliteta postrojenja) se ne bi toliko bitno
dodatno povecala,

— U postrojenju se moZe dogoditi potencijal-
no opasno stanje za radnike na odrzavanju
kada se za vrijeme njihovog boravka
(dogadaj A) dogodi kvar u mrezi ili ovom ili
susjednom postrojenju 10 kV (dogadaj B)
s velikom strujom kvara kroz uzemljivac.
To stanje moZe biti joS opasnije, ako u
postrojenju u tim trenucima postoji i makar
djelomicni kvar uzemljivaca (dogadaj C).

Jedan od prioritetnih rizika je stradavanje
radnika u pogonu. Za svaki prioritetni rizik

INTRODUCTION

It is in human nature to utilize everything of value in
order to create increased value. Thus, in recent times
there has been increased risk exposure in techni-
cal systems for the transmission and distribution of
electricity in order for operations to yield increased
value to their owners.

The sale of electricity to customers in Croatia also
depends (and will depend even more so in the imme-
diate future) on the quality as well as the quantity of
electricity supplied, and thus upon the location, num-
ber and duration of equipment failures. The loca-
tion and number of equipment failures depend upon
consumption, the condition of the equipment and its
maintenance. The risk of harm to the workers who
maintain the equipment also depends upon its condi-
tion. However, at the same time these maintenance
workers are increasing the quality of the equipment,
thereby reducing the number of failures and the
number of failure sites, which requires increased
engagement on the workers’ part. Increased mainte-
nance work also means greater risk of harm to work-
ers. Therefore, the following questions are posed:
how often must teams go out to the equipment for
maintenance, what are the risks of work-related ac-
cidents from electrical shocks to distribution workers
and how can these risks be reduced?

THE BASIC THESIS OF RISK
THEORY

Assumptions

— Facilities do not have permanent crews. There-
fore, for preventive, corrective or combined
maintenance it is necessary to call in a team of
workers and organize their working activities in a
potentially hazardous environment.

— Poor maintenance would make facilities would
be more susceptible to failures, unprofitable but
also hazardous for working teams.

— There is also a state of maintenance when overly
frequent and excessive maintenance would sig-
nify a significantly large expense for the services
of the team, and the availability of the facility
(quality of the facility) would not be significantly
increased.

— In a facility, a potentially hazardous state for
maintenance workers can occur when (Event
A) a failure occurs while they are present in the
network of either this or a neighboring facility of
10 kV (Event B), with high fault current flowing
through the grounding electrode. This state can
be even more dangerous if at these moments
there is even a partial failure of the grounding
system of the facility (Event C).
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utvrduje se njegov rizicni lanac i daje pripadni
model osnovnog uzroka, neposrednih uzroka,
incidenata, akcidenta, neposrednih posljedica i
zakasnjelih posljedica:

— osnovni uzrok: pojava napona na uzemljen-
im metalnim masama (B)ili/i s djelomicnim
kvarom uzemljivaca (B+C),

— neposredni uzrok: boravak radnika u
postrojenju (A),

— incident: potencijalno opasni dogadaj za
radnike u postrojenju, trenutak kvara, B,
B+C,

— akcident: dogadaj strujno-naponskog udara
kojem je ili su izloZeni radnik/ci za vrijeme
izvodenja radova na odrzavanju elektroen-
ergetskog postrojenja,

— neposredne posljedice: ozljeda, odnosno
smrt radnika zbog utjecaja strujno-napon-
skog udara na tijelo,

— zakasnjele posljedice: ozljeda, smrt, pato-
gene promjene u porodici i drustvu, materi-
jalne Stete.

Slika 6 —
Figure 6

Komponenta:

— A — prisutnost radnika u postrojenju (samo
u radno vrijeme, tj. od 7 do 15 sati),

— B — kvar u distribucijskoj mrezi (10 kV, svi
kvarovi sa zemljom),

— C — kvar uzemljivaca koji taj rizik Cini jos

opasnijim.

Osnovne postavke

— sustav je cjelina koja stvara izlaze Y za dane
ulaze X,

— sastoji se od podsustava (oprema, opera-
tori) koji su povezani slijedno (serijski) ili
sprezno (paralelno) koji su takoder sustavi,

— sustav radi pod upravom i nadzorom
Covjeka, jednog ili viSe njih. Nazivamo ih ru-
kovodni posrednici ili agenti,

— svaki agent koristi resurse sustava R (opre-
ma, radnici) u okoliSu sustava E, tako da
sustav generira izlaz Yu jedinici vremena iz

One of the priority risks is harm to a worker during
operation. For each priority risk, the risk chain is de-
termined and the corresponding model of the basic
cause, indirect causes, incidents, accidents, direct
consequences and delayed consequences is pro-
vided:

— basic cause: voltage occurring on grounded
metallic masses (B) and/or partial failure of the
grounding system (B+C),

— indirect cause: presence of the worker in the fa-
cility (A),

— incident: potentially dangerous event to workers
in the facility, moment of failure, B, B+C,

— accident: electrical shock event to which the
workers are exposed while performing mainte-
nance work on an electric power facility,

— indirect consequences: the injury or death of a
worker due to the effect of an electrical shock
event on the body,

— delayed consequences: injury, death, pathogenic
changes in the family and society, pecuniary

damages.
B
— 4
B - C >
3 4
Model rizika
Risk model
Components:

— A — presence of workers in the facility (only dur-
ing working hours, i.e. from 7 a.m. to 3 p.m.),

— B — failure in the distribution network (10 kV, all
ground faults),

— C —faultin the grounding system, increasing the
hazard of this risk.

Basic assumptions

— The system is a whole entity, which yields output
Y for the given input X.

— It consists of subsystems (equipment, operators)
connected in a series or in parallel, which are
also systems.

— The system operates under the control and su-
pervision of one or more persons. Let us call
them managerial intermediaries or agents.

— Every agent uses the resources of the system R
(equipment, workers) in the system environment
E, so that the system generates output Yin a time
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ulaza X. Y je tako propusna moc sustava,

— okolis sustava E (elektroenergetsko
postrojenje) skup je nuznih resursa R Kkoji
su neogranicenii daleko od svog punog ka-
paciteta,

— sustavni resursi R pokretni su iz jednog u
drugi okoli sustava E.

— ako je najvedi iznos izlaza Y neki I tada se
kaZe da je propusna moc sustava. I se mjeri
u jedinicama izlaza po jedinici vremena.
Katkada sustav ima viSe izlaza, no uvijek se
moZe navesti koji je to glavni izlaz i ostale
smatrati manje vaznima, nusproizvodima
glavnog izlaza. U vedini slucajeva ti odnosi
su linearno proporcionalni, pa se govori o
glavnom proizvodu sustava, npr. od 2 400
MVA-h na dan, te o nusproizvodu od 8 sati
rada operatora u sustavu na dan,

— osnovna jednadzba sustava je:

I=k-R,
gdje je:
I — propusna moc sustava,
R — jeresurs sustava,
k — Je konstanta proporcionalnosti.

Po izrazu (1) propusna moc¢ raste linearno
proporcionalno s resursima. Jedinica kvan-
tizacije je B. Sustav dakle posjeduje nB resur-
sa,

— podjela jednog resursa, npr. u vremenu,
moguca je ako se jedan resurs koristi u
jednom vremenskom intervalu za jednu, a
u drugom za drugu namjenu. Oznadi li se
sa S razina podjele resursa, tada je za m
mogudih uporaba resursa S=m—1.

— podjela resursa je moguca i u prostoru i
u vremenu, naravno, ukoliko takve akcije
imaju negativnu interakciju. Propusna mo¢
i razina podjele resursa odnose se kao:

I=k-R(1+S),

tj. propusna moc raste linearno proporcionalno

razini podjele resursa.

Podjela resursa mora se ograniciti maksimal-

nom mogucéom razinom podjele F,

— osnovna jednadzba rizika dana je izrazom
preko oCekivane propusne modi I (Bradley,
James, 2002, [1]):

unit from input X. Yis thus the throughput capac-
ity of the system

— The system environment E (electric power facil-
ity) is a group of necessary resources R that are
unlimited and operating far below their full ca-
pacity.

— System resources R are transportable from one
system environment E to another.

— Ifthe highest output value is 7, let 7 be the system
throughput capacity. is measured in output units
per unit of time. Sometimes a system has several
outputs but it is always possible to state which is
the main output and consider the others to be of
less importance, secondary products of the main
output. In the majority of cases, these relations
are linearly proportional. We speak of the main
system product, for example of 2 400 MVA-h per
day, and of the byproduct of 8 hours of work by
the operator in the system per day.

— The basic equation of the system is as follows:

(1)

where:

I — system throughput capacity,
R — system resources,

k — proportionality constant.

According to Expression (1), growth in the through-
put capacity is linearly proportional to resources. The
unit of quantization is B. Thus, the system possesses
n-B resources.

— Resource sharing, e.g. in time, is possible if a re-
source is used in one time interval for one pur-
pose and in another time interval for another pur-
pose. If S indicates the level of resource sharing
and m indicates the number of the potential uses
of the resource, then S=m — 1.

— Resource sharing is also possible in space and
in time, naturally if such actions have negative
interaction. The relation between throughput ca-
pacity and the level of the resource sharing is as
follows:

)

i.e. throughput capacity increases with linear propor-

tionality to the level of the resource sharing.

Resource sharing must be limited by the maximum

possible level of division F.

— The basic risk equation is expressed by the ex-
pected throughput capacity I (Bradley, James,
2002, [1]):
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I'=R-[k+c-r(E)-r(E)=R-[k+(c-1)r(E)], €

gdje su:

r(E) — rizik po jedinici B resursa, t]. rizik gubit-
ka propusne modi u ovisnosti u okoliSu
E s obzirom na sustav, a

¢ — koeficijent ucinkovitosti rizika (¢ je kon-
stantan za ucinkovit okolis).

Ulaganja u paralelne resurse, dovode do pret-
vorbe moguceg gubitka u izvjesni dobitak.

Osnovno je za svaki rizik odrediti sljedece
parametre:

I — propusna moc,
R — resurs,
k  — konstanta propusne modi,

t(E) — rizik po jedinici okolisa, tj. moguéi gu-
bitak propusne modi u jedinici vreme-
na u sustavu mjeren prema jedinici B
resursa, a ne prema propusnoj moci
sustava. Odatle je r(E) srednji oCekivani
rizik gubitka (SOG) jedinice B resursa R,
npr. rizik ozljedivanja radnika na dan.

— razina podjele resursa,

¢ — koeficijent ucinkovitosti rizika (¢ ovisi
o ucinkovitosti okoliga, tako da ukoliko
se moze dozvoliti poveéanje propusne
modi, tada se iz tog povecanja moze
izraCunati c iz izraza (3)).

Primjenom izraza (2) i (3) dobiva se ocekivana
propusna moc:

where:

r(E) — risk per unit of B resource, i.e. the risk of loss
in throughput capacity depending on the en-
vironment E in which the system operates,
and

¢ —risk efficiency coefficient (¢ is constant for the
for the efficient environment).

Investment in parallel resources leads to the trans-
formation of potential loss into a certain profit.

For each risk, following basic parameters must be
determined:

I — throughput capacity,
R — resource,
k  — throughput capacity constant,

r(E) — risk per environmental unit, i.e. potential
throughput capacity loss in a time unit in the
system measured according unit B of the
resource and not according to the system
throughput capacity. Therefore, r(E) is the
mean expected loss risk (SOG) of unit B of
resource R, e.g., the risk of worker injury per
day.

— the level of resource sharing,

¢ — risk efficiency coefficient (¢ depends on the
efficiency of the environment, so that if it is
possible to permit increased throughput ca-
pacity, from this increased capacity it is pos-
sible to calculate ¢ from Expression (3)).

Through the application of Expressions (2) and (3), the
expected throughput capacity is obtained:

I'=R-(1+S)[k+(-1)rE). (4)

Kvalitativni model specificnog rizika -
rizik stradavanja radnika na odrzavanju
Radnici dolaze u elektroenergetsko postrojen-
je da obave radove prema planu odrZavanja.
Postoji rizik da se za vrijeme njihovog bo-
ravka (A) dogodi kvar, (B) u tom ili susjednim
postrojenjima i/ili kvar na uzemljivacu (C),
Sto sve rezultira poveéanom opasnoScu od
ozljedivanja radnika. Sljedeci su kvalitativni
parametri rizika:

— propusna moc [ je broj radnika koji borave
na mjestu rada, Covjek po mjestu rada,
— resurs R je sposobnost i znanje radnika,

Qualitative model of a specific risk - the risk

of harm to a maintenance worker
Workers enter an electric power facility to perform
work according to the maintenance plan. There is the
risk that while they are there (A) a failure will occur,(B)
in this or neighboring facilities and/or a fault in the
grounding system (C), all of which increases the haz-
ard of worker injury. The following are the qualitative
risk parameters:

— throughput capacity I is the number of workers
who are present at the place of work, person per
workplace,

— resource R is the ability and knowledge of the
workers, their training for work, the total amount
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njihova uvjezbanost za rad, ukupan iznos
svih mogucih, Covjek-sati rada na pojedi-
nom poslu odrZavanja,

— propusna konstanta k je omjer broja ljudi
i njihovih znanja na poslovima odrzavanja,
(Covjek/mjesto rada)/Covjek-sati rada na
odredenom poslu) = 1/(mjesto rada-sati
rada na pojedinom poslu),

— rizik r(E) je rizik gubitka radnika zbog npr.
ozljedivanja u procesu izvodenja radova na
odrzavanju,

— jedini¢no smanjenje rizika ¢ je povecanje
propusne moci (broja radnika) zbog brizljivo
izvedenih radova na odrzavanju, kvaliteta i
brzina izvodenja radova, i

— §je moguénost uporabe pojedinog radnika
zavrijeme radnog vremena i u drugim elek-
troenergetskim postrojenjima, ako posao
zavrse krace nego Sto je planirano.

Elektroenergetska se postrojenja mogu s
naslova njihova stanja opisati jednim atribu-
tom ocjene stanje opreme S Za takav se sus-
tav mozZe izgraditi odgovaraju¢a shema stanja
koja polazi od dekompozicije sustava po prin-
cipu odozgora-nadolje. Atribut ocjene stanja
opreme je trenutacna veli¢ina koja obuhvaca
sve komponente sustava i opisuje se jednim
brojem izmedu 0 1. Stanje S, = 0 odgovaralo bi
totalnom nefunkcioniranju sustava (sve neis-
pravno), a stanje S =1 savrSeno funkcioniranje
sustava (sve komponente ispravne). Obicno je
stanje negdje oko § = 0,6, a kada padne ispod
S = 0,4 tada su potrebne znatnije intervencije
u njenom odrzavanju. Ocjena stanja ukljucuje
i neodredenost tako da je njen stvarni opis dan
intervalom npr. § = [0,55, 0,59].

Zbog jednostavnosti analitickog pristupa pret-
postavit ¢e se stacionarno stanje atributa ocjene
stanja opreme te dane granice neodredenosti
poznavanja tog stanja.

Isto tako Ce se pretpostaviti postojanje atributa
ocjene stanja vjestina radnika na odrzavanju
s pripadnom intervalnom procjenom njenog
nepoznavanja S, = [0,7, 0,85] Neka je i ta
procjena i njezina neodredenost stacionarna
veli¢ina.

Ucinkovitost okolisa i rizik
Razmatraju se dva okoliSa promatranog susta-
va: E|i E,. Pretpostavlja se da je okolis E, bez riz-
ika pri ¢emu sustav s resursima R ima stabilni
kapacitet I=k- R u jedinicivremena. OkoliS E, je
isti kao £, samo s rizikom. Pretpostavlja se da
je propusna moc sustava u E, jednaka k- R + D
u jedinici vremena uz uvjet da se sre¢om nije
dogodio hazard kojeg se riskiralo (D su rizi¢ni
dobici). No, kako se u rizicnom okoliSu mogu

of all possibilities, man-hours of work on an indi-
vidual maintenance job,

— throughput constant & is the ratio of the number
of people and their knowledge regarding main-
tenance jobs, (person/workplace)/man-hours of
work on a specific job) = 1/(workplace -hours of
work on an individual job),

— risk r(E) is the risk of the loss of a worker due
to, for example, injury during the process of per-
forming maintenance work,

— the risk reduction unit ¢ is increased throughput
capacity (number of workers) due to carefully
performed maintenance work, quality and speed
of the performance of the work, and

— S is the possibility of also using an individual
worker at other electric power facilities during
working hours if a job is completed earlier than
planned.

Electric power facilities can be described by an at-
tribute of the assessed state of the equipment . For
such a system, it is possible to construct a corre-
sponding diagram that starts from the decomposition
of the system according to the top-down principle.
The attribute of the assessment of the state of the
equipment is the instantaneous value that covers all
the system components and is described by a num-
ber between 0 and 1. The state S = 0 would corre-
spond to a totally nonfunctioning system (everything
out of order) and the state S = 1 would correspond
to a perfectly functioning system (all the components
in good working order). Usually, the state is some-
where around § = 0,6, and when it drops below S =
0,4 significant interventions are necessary regarding
its maintenance. Evaluation of the state also includes
indeterminacy, so that its actual description is given
by an interval, for example S =[0,55, 0,59].

Due to the simplicity of the analytical approach, a
stationary state of the attributes of the assessment
of the state of the equipment and the given limits of
indeterminacy regarding knowledge of that state will
be assumed.

Similarly, the existence of the attributes of the as-
sessment of the state of the skill of the maintenance
workers will be assumed with the corresponding
interval of the assessment of the lack of knowledge
thereof, S[.j= [0,7,0,85] Let this assessment and its in-
determinacy be a stationary value.

Environmental efficiency and risk
Two environments of the studied system are consid-
ered: £, and E, . It is assumed that environment E|
is without risk, whereby the system with resources
R has a stable capacity I=k - R in a time unit. Envi-
ronment £, is the same as E, except with risk. It is
assumed that the throughput capacity of system E, is
equalto k- R+ Dina unit of time under the condition
that with luck the hazard risked has not occurred (D
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oCekivati i neki gubici G u jedinici vremena u
prosjeku, tada je propusna mo¢ sustava jed-
naka:

I=k-R+D-G.

Tada su G srednji ocekivani gubici (SOG) s
obzirom na bez rizi¢ni rad s propusnom moci
I=k-R+D.

Situaciju sa D > G moZe se smatrati dugorocno
ispravnim, a D < G dugoro¢no neispravnim
rezimom koristenja okoliSa sustava.

Odatle se moZe zakljuciti da su rizik i propusna
moc¢ sustava linearno proporcionalne velicine.
Najvedi omjer D/G koji se moze posti¢iunekom
okoliSu naziva se koeficijent ucinkovitosti c.
Uvede li se zamjena ¢— 1 (¢c— 1 =b) u izraz (4)
dobiva se Cesto koriSteni oblik jednadzbe pro-
pusne modi sustava:

I'=R-[k+b-r(E)],

koji se rabi u financijama i gdje je:

R — ukupno uloZena suma,

k — garantirana kamata,

b - r(E) — jedini¢na ekstra dobit za rizicno ula-
ganje.

Primjer

Za tehnicki sustav koji se promatra, a koji je
dio DP Elektroslavonija Osijek za grad Osijek,
organizacijska jedinica Pogon Osijek sa jedi-
nom zadacom odrzavanja elektroenergetskog
postrojenja vrijedi:

300 trafostanica 35/10 kV (10 kom) i 10/0,4 kV
(290 kom), sa 140 radnika na odrzavanju i s
prosjecno 12 sati rada po svakoj trafostanici
godisnje (iz istrazivanja vremena odrzavanja).

|z toga slijedi:

R=300"-12=3600 Covjek-satii
I1=140radnika, pa je
k = 0,038 888 jedinica resursa R po godini u

nerizi¢noj situaciji.

are risk gains). However, since in a risk environment
some losses G may be expected in a unit of time on
average, the throughput capacity of the system is as
follows:

(4a)

Then G stands for the mean expected losses (SOG)
regarding no-risk operation with a throughput capac-
ity of I=k- R + D.

The situation with D > G can be considered as justi-
fied over the long term, and D < G can be considered
as an unjustified regime over the long term use of the
environment system

Therefore, it may be concluded that the risk and
throughput capacity of the system are linearly pro-
portional values.

The highest ratio of D/ G that can be achieved in an
environment is called the efficiency coefficient c. If b
is substituted for ¢ — 1 (¢ — I =b) in Expression (4), a
frequently used form of the equation is obtained for
the throughput capacity of a system:

which is used in finances and where:

R — the total sum invested,
k — guaranteed interest,
b - r(E) — unit of extra profit for risk investment.

Example

Forthe technical system considered, the following ap-
ply for the organizational unit Pogon Osijek, which is
a part of the distribution territory DP Elektroslavonija
Osijek for the city of Osijek and has the sole task of
maintaining the electrical power facilities:

300 substations, of which 10 are 35/10 kV and 290 are
10/0,4 kV, with

140 maintenance workers and an average of

12 man-hours of maintenance work per substation
annually (from a study of maintenance time).

Therefore:
R=300"-12=3600man-hours and
I=140 workers, and thus

k = 0,038 888resource unit R per year in a non-risk
situation
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|z istraZivanja povreda na radu proizlazi 36
povreda od elektricne energije u 30 godina,
sto iznosi 1,166 66 povreda godiSnje, ili u rela-
tivnom iznosu oko 0,002.

Ako se ustanovi ucinkoviti okolis E s takvim, up-
ravo navedenim srednjim ocekivanim gubitkom
(rizikom gubitka radnika) SOG = 0,002 jedinice
po godini, onda povecanje propusne modi na
150 jedinica trazi:

'=3600(0,038 888 +x) =150,

Odatle:
x=b-rE)=0,002 SOG b= 0,002 778 6,

pa je:
b=1,3893 ilic=2,389 3.

Najveca propusna mo¢ bit ¢e 3600 - (0,038 888
+2,389 3 - 0,002) = 157,2 Covjek-sati. Pitanje je
kako ¢e se pokazati najmanja propusna moc.

Numericki pokus odredivanja jednos-
tavnog rizika
Niz podataka za sustav S dan je kao slucajna
veli¢ina s podacima obradivanog sustava.
Za izraCun jednostavnog rizika kod procesa
odrzavanja potrebno je poznavati sljedece po-
datke:
resursR  — ukupan  broj
Covjek-sati  svih
odrzavanje,
propusna mo¢ I — potreban broj ekipnog rada
na odrzavanju sustava izrazen
kao potrebni ¢ovjek-sati.

raspolozivih
ekipa za

Neka se zamisli stanje Pogona Osijek kod
odrzavanja distribucijskog sustava grada Osije-
ka koje se moZze realizirati u periodu od 10 go-
dina, a Zeli se povecanje resursa za 50 jedinica
godisnje. Pri tome se pretpostavlja poveéanje
broja radnika u svakoj godini.

Ukupan broj raspolozivih ekipa (Covjek-sati/god) /

From a study of worker injuries, it was shown that
there were 36 injuries from electricity in 30 years,
which amounts to 1,166 66 injuries, or a relative fig-
ure of approximately 0,002.

If the efficient environment E is established with
the aforementioned mean expected loss (the risk of
worker loss) SOG = 0,002 units per year, then the in-
creased throughput capacity to 150 units requires the

following:

I'=3600(0,038 888 +x) =150,
from which:
x=b-rE)=0,002-b=0,002 778 6,
and thus:

h=13893 ilic=2,3893.

The greatest throughput capacity will be 3600 - (0,038
888 +2,3893-0,002) = 157,2. The question is how the
minimum throughput capacity will be represented.

Numerical test to determine simple risk
A series of data for system S is given as a random
value with data from the system considered.
For the calculation of the simple risk in the process
of maintenance, it is necessary to know the following
information:

resource R — the total number of available man
hours. of all the maintenance teams,
throughput capacity I — the man-hours of system

maintenance teams required.

Let us imagine the state of the Osijek plant regard-
ing the maintenance of the distribution system of the
city of Osijek which can be achieved within a period
of 10 years, and it is desired to increase resources by
50 units annually. An increased number of workers is
assumed for each year.

Tablica 1 — Numericki primjer
Table 1T — Numerical example

Rzl 71 up: spolozivih ekipa (Cov god) Potreban k?r(?j radnika (50vjek:sati)}/ Reqki\ret:
Ordinal No Total number of available teams (man-hours/year) number M'.xlm&ers (man-hot
Rresurs / resource Ipropusna mo¢ / throughput capacity

1 3450 140 diff =10

2 3500 142 diff = -8

3 3550 145 diff = -5

4 3600 148 diff = -2

B 3650 149 diff = -1

6 3700 151 diff =1

7 3750 152 diff =2

8 3800 155diff=5

9 3850 158 diff =8

10 3900 160 diff = 10

Ukupno / Total 36 750

diff - razlika / difference
abs - apsolutna (vrijednost) / absolute (value)
int - cijeli broj / integer

Ukupno / Total 1 500 diff abs. = 52
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Ako se pretpostavi planirani resursni kapacitet
3800 Covjek-sati, i planiranu propusnu moc za
10 godina na 150 Covjek-sati, planirani je koe-
ficijent resursa je 150/3 800 = 0,039 473 6.

Izraun srednjeg ocekivanog gubitka SOG za
proces na tablici je prema izrazu:

SOG = diff (int),,

gdje je razlika interventnih radova racunata
prema srednjem broju intervencija, a n je broj
perioda racunanja, godina.

|z gornjih podataka izlazi da je SOG = 5,2.
Izraun r(E) zasnovan je na omjeru SOG i
resursnog kapaciteta i iznosi #(E) = 5,2/3 800 =
0,001 368 4.

Primjena jednadzbe rizika, izraz (3), daje uz
pretpostavijeni ¢ = 1,25, I" =3 675 - (0,039 473
6 + 0,25 - 0,001 368 4)=144,17 propusnu moc
Covjek-sati/god. Sto je manje od planiranih 150
Covjek-sati/god.

Sa:

c=1,5 I'=14758 Covjek-sati/god.,

c=1,75 I'=148,34 Covjek-sati/god.,

c=2  I'=150,09 ovjek-sati/god., te
c=225 I'=151,35 ovjek-sati/god., Sto bi bila
maksimalna vrijednost propusne moci.

Srednja razlika je 151,35 — 147,58 = 3,77
Covjek-sati/god.

Najveéa dozvoljena srednja razlika bi bila
dvostruka vrijednost, tj. 7,54 Covjek-sati/god.
Vjerojatni minimum protoéne modi, tj. rad-
nika bi tako bio 151,35 — 7,54 = 14381, t.
143 Covjek-sati/god.

Slike 2 do 4 pokazuju medusobne odnose riz-
ika, resursa te propusne moci.

If a planned resource capacity of 3800 man-hours and
a throughput capacity for 10 years of 150 man-hours
are assumed, the planned resource coefficient is
150/3 800 = 0,039 473 6.

The calculation of the mean expected loss SOG for
the process on the table is according to the expres-
sion:

(6)

where the difference in the intervention work is cal-
culated according to the mean number of interven-
tions and # is the number of the calculation periods,
years.

From the above data, it follows that SOG = 5,2. The
calculation of #(E) is based upon the ratio of the SOG
and the resource capacity, amounting to r(E) = 5,2/3
800 = 0,001 368 4.

Application of the risk equation, Expression (3), under
the assumption ¢ = 1,25, I"=3 675 - (0,039 473 6 +
0,25 - 0,001 368 4)=144,17 yields throughput capacity
man-hours/year, which are fewer than the planned
150 man-hours/year

with:

c=1,5 I'=147,58 man-hours/year,

c=1,75 I'=148,84 man-hours/year,

c=2  I'=150,09 man-hours/year, and

¢=2,25 I'=151,35 man-hours/year, which would be
the maximum throughput capacity value.

The mean difference is 151,35 — 147,58 = 3,77
man-hours/year

The maximum permitted difference would be twice
this value, i.e. 7,54 man-hours/year

The probable minimum throughput capacity, i.e.
workers, would then be 151,35 — 7,54 = 143,81,
i.e. 143 man-hours/year

Figures 2 to 4 present the relations among risks, re-
sources and throughput capacity.
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VJEROJATNOSTNA METO-
DA ODREDIVANJA RIZIKA

Vijerojatnost da se radnik nalazi na poslovima
odrZavanja (komponenta A - prema istrazivanju
vremena potrebnog za odrzavanje) u trafostan-
ici 35/10 kV je:

P, (A)=66,08/8 760 = 0,007 54 po trafostanici i
godini, a kako ih je 10 to je vjerojatnost boravka
u bilo kojoj 0,075 4,

dok je u TS 10/0,4 kV:

P (A= 10,41/8 7600 = 0,001 19 po godini i
jednoj TS, a kako ih je 290 to je vjerojatnost bo-
ravka u bilo kojoj 0,345 1.

Vjerojatnost da je kvar u postrojenju za vrijeme
radnog vremena od 7:00 do 15:00 sati (kompo-
nenta B prema istraZivanju kvarova sa zemljom
u postrojenju) je:

P(B)=48 %.

Vjerojatnost da je pri tom djelomicni kvar
uzemljivaca (komponenta C prema istrazivanju
pouzdanosti uzemljivaca) je od P(C)=0,1 %
(osnovni uzemljivac), preko 1,85 % (uzemljivaé
mreze niskog napona) do 2,4 % (uzemljivac
susjednih TS preko VN kabela).

Stoga nastupaju rizi¢ne situacije za stradavanje

radnika:

a) Radnik se nalazi u postrojenju na poslovi-
ma odrzavanja, vjerojatnost situacije 0,075
47aTS35/10kV, a 0,345 1 za TS 10/0,4 kV.

THE PROBABILITY METHOD
OF RISK ASSESSMENT

The probability that a worker will find himself on a

maintenance assignment (component A - according

to a study on the time required for maintenance) in a

35/10 kV substation is:

P, (A= 66,08/8 760 = 0,007 54 per substation per

year, and since there are 10 of them the probability of

being in any of them is 0,075 4,

while in a 10/0,4 kV substation it is

P, (A)=10,41/8 7600 = 0,001 19 per year per substa-

tion. Since there are 290 of them, the probability of

being in any one of them is 0,345 1.

The probability of a failure in a facility during working

hours from 7 a.m. to 3 p.m. (component B —according

to a study of ground faults in the facilities) is as follows:

P(B)=48 %.

The probability that a partial failure of a grounding

system would occur then (component C — according

to a study on the reliability of grounding electrodes)

is P(C)=0,1 % (main grounding electrode), 1,85 %

(grounding electrode of a low voltage network) up to

2,4 % (grounding electrode of neighboring substa-

tions via a high voltage cable).

Therefore, risk situations for injury to workers are as

follows:

a) A worker finds himself at a facility on a mainte-
nance job, the probability of the situation is 0,075 4
for a 35/10 kV substation and 0,345 1 for a 10/0,4
kV substation.
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b) Vjerojatnost situacije da se upravo u tom b) The probability of a situation that a fault occurs

trenutku dogodi kvar je 0,48 - 0,075 4= 0,036 precisely at that instant is 0,48 - 0,075 4 = 0,036 2
2 za TS 35/10 kV, a 0,48 - 0,345 1 =0,166 za for a 35/10 kV substation and 0,48 - 0,345 1=0,166
TS 10/0,4 kV, fora 10/0,4 kV substation.

c) Vjerojatnost situacije da se u tom inter- c) The probability of a situation that in that time in-
valu vremena imamo i djelomicni kvar na terval we also have a partial failure of the ground-
uzemljivacu 0,036 2 - 0,001 = 0,000 036 2 za ing system is 0,036 2 - 0,001 = 0,000 036 2 for a
TS 35/10kV, a 0,166 - 0,001 =0,000 166 za TS 35/10 kV substation and 0,166 - 0,001 = 0,000 166
10/0,4 kV. for a 10/0,4 kV substation.

Slijedi tablica matematickih vjerojatnosti svih The table presents the mathematical probabilities for

mogucih opasnih stanja u kojem se mogu nal- all the possible hazardous states in which distribu-

aziti radnici distribucije za vrijeme normalnog tion workers can find themselves during normal daily
svakidasnjeg rada. working hours.

Tablica 2 — Matematicke vjerojatnosti rizika
Tablica 2 — Mathematical risk probability

Redni broj
/Ordinal  Vjerojatnosti/ Probabilities
no.
Prisutnost radnika (A) / Worker presence (A) Istodobna pojava i djelomic¢nog kvara
na uzemljivacu postrojenja slucaj
(A+B+C) / Simultaneous occurrence
of a partial failure of the grounding
Istodobna system of the facility in the event of
pojava kvara (A+B+C)
(A+B)/ Simul-  a - osnovni uzemljiva¢ 0,001/ a - main
taneous occur- grounding electrode 0,001
Prosje¢no rence of fault b - uzemljenje preko kabela visokog
TS35/10kV-za/ TS 10/0,4kV-za/ objeTS/2/ (A+B) napona 0,024/ b - grounding via a high
for 10TS for290TS Mean for both voltag le 0,024
substations/2 ¢ - uzemljenje preko mreZe niskog
napona, 0,0185/ grounding via a low
voltage network 0,0185
(2:0,48) ab - 9,78E - 06
ac-1,07E- 05
bc - 3,25E - 04
(2-3-(@@ili/orbili/orcili/orabili/or
acili/ or bc))
1 2 3 4
la 0,075 4 3,62E - 02 3,62E - 05
b 0,075 4 3,62E - 02 8,69E - 04
1c 0,075 4 3,62E - 02 6,70E - 04
lab 0,075 4 7,37E - 07 7.21E-12
lac 0,075 4 3,62E - 02 3,87E - 07
1bc 0,075 4 3,62E - 02 1,18E - 05
2a 0,345 1 1,66E - 01 1,66E - 04
2b 0,345 1 1,66E - 01 3,98E - 03
2c 0,345 1 1,66E - 01 3,06E - 03
2ab 0,345 1 1,66E - 01 1,62E - 06
2ac 0,345 1 1,66E - 01 1,77E - 06
2bc 0,345 1 1,66E - 01 538E - 05
3a 0,21025 1,01E - 01 1,01E - 04
3b 0,21025 1,01E - 01 2,42E - 03
3c 0,21025 1,01E - 01 1,87E - 03
4ab 0,21025 1,01E - 01 9.87E - 07
4ac 0,21025 1,01E - 01 1,08E - 06
4bc 0,210 25 1,01E - 01 3,28E - 05
5

Usporedba izracuna rizika stradavanja radnika Comparison of the risk calculations of injury to a dis-

distribucije na poslovima odrzavanja: tribution worker engaged in maintenance work:

— iskustveni podatak iz prakse: 0,002, — data from practical experience: 0,002,

— rezultat Bradley metode: 0,001 368 4, — result of the Bradley method: 0,001 368 4,

— rezultati vjerojatnostne metode: 0,001 87; — results of the probability method: 0,001 87; 0,002 4;
0,002 4; 0,003 06; 0,003 98. 0,003 06; 0,003 98..
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FINANCIJSKE VELICINE

Rizik gubitka radnika ozljedivanjem ili smréu
stalno je prisutan joS od trenutka, po pozitivnim
propisima, kada krene na posao. Stoga je i
nov€ana naknada za izgubljeno zdravlje ili Zivot
prisutna i dosta realna. Poslovodstvo tvrtke
moZe bitno utjecati na opasnosti za zdravlje i
Zivot unutar radnog procesa. U ovom radu se
posebno razmatra rizik od ozljeda na radu
tijekom planiranog rada na odrzavanju dis-
tribucijskog elektroenergetskog sustava, i to
posebno promatrajudi rizike gubitka radnika
od udara elektri¢ne energije.

Stoga se krenulo s istrazivanjem ozljeda na
radu te je napravljena baza podataka svih ozlje-
da na radu u DP Elektroslavonija Osijek iz koje
je posebno izdvojena Tablica podataka s nezgo-
dama na radu na podrucju grada Osijeka. Tu su
izdvojene sve povrede koje ukljucuju djelovanje
elektricne energije na tijelo radnika, sa svim
relevantnim podacima gdje, kada i kako su se
dogodile. Iz te tablice slijedi da su rizici gubitka
radnika samo od takvih potencijalno opasnih
dogadaja oko 0,2 %.

Sljedece istrazivanje je provedeno stvarajuci
bazu podataka svih kvarova koji su se dogodili
na podrucju grada Osijeka na postrojenjima
srednjeg napona tijekom kojih je u pogons-
kim dnevnicima dispecera ostala zabiljeska
o iskljuCenju radi djelovanja zastite ili zeml-
jospojne, ili od jednopolnog ili viSepolnog kvara
sa zemljom. Tu su se evidentirali svi relevantni
podaci o tom dogadaju ukljucujudi i vrijeme
dogadanja. Analiza pokazuje da se 48 % svih
takvih kvarova dogada bas u djelatno radno vri-
jeme, tj. od 7:00 do 15:00 sati. To sigurno dje-
luje na rizike gubitka radnika povecavajuciga, a
zbog moguceg kontakta s elektri¢cnom energi-
jom u trenutku kvara.

O vremenu, koje radnici provode na poslovima
odrZavanja u postrojenjima distribucije, a pre-
ma vazecem Pravilniku o odrZavanju elektro-
distribucijskih objekata i postrojenja, napravlje-
no je posebno istrazivanje. Ono pokazuje da se
vremenski najvise radnici zadrzavaju u TS 35/10
kV (66 sati po radniku i trafostanici godiSnje) i u
TS 10/0,4 kV (10,42 sata po radniku i trafostanici
godisnje). UvaZavajuci broj trafostanica jasno je
da potencijalno opasni dogadaji s velikom stru-
jom kroz uzemljiva¢ bitno povecavaju rizike.

Financijske veliCine troSkova uzrokovanih pov-
redama na radu, pogotovo vezanih na kontakt s
elektri¢nom energijom, bilo je vrlo tesko skupiti
I analizirati, jer se u tvrtki do sada nisu sustav-
no vodile takve evidencije. To pokazuje kako se

FINANCIAL VALUES

The risk of the loss of a worker due to injury or death
is constantly present from the moment, according to
positive regulations, when the worker goes to work.
Therefore, financial compensation for the loss of
health or life is present and a realistic consideration.
Company management can significantly affect the
hazards to health and life within the working process.
In this article, risk to a worker during planned main-
tenance work on an electric power system is spe-
cifically discussed, especially regarding the risks of
worker loss due to electrical shock.

Therefore, this study began with an investigation of
injuries at work. A database was prepared of all the
work-related injuries at DP Elektroslavonija Osijek,
from which the table data were taken on accidents at
work in the area of the city of Osijek. All the injuries
were entered that included the effect of electricity on
the body of a worker, with all the relevant data, when
and how they happened. From this table, it follows
that the risk of worker loss solely due to such poten-
tially hazardous events is approximately 0,2 %.

The study was conducted by creating a database of
all the failures that occurred in the territory of the city
of Osijek at medium voltage facilities during which
there were notes in the dispatchers’ log books on
switching off due to protection tripping or ground
faults, or from single-phase or multi-phase ground
faults. All the relevant data are entered here on these
events, including the times of the events. Analysis
shows that 48 % of all such failures occur precisely
during working hours, i.e. from 7 a.m. to 3 p.m. This
certainly has an effect on the risk of worker loss, in-
creasing it, and due to potential contact with electric-
ity at the moment of the failure.

Regarding the time that the workers spend on main-
tenance tasks at the distribution facilities and ac-
cording to the current Regulations on the Mainte-
nance of Electrical Distribution Facilities and Plants,
a separate investigation was conducted. It demon-
strated that workers spend the most time at 35/10
kV substations (66 hours per worker and substation
annually) and at 10/0,4 kV substations (10,42 hours
per worker and substation annually). Taking the
number of substations into account, it is clear that
potentially dangerous events with high fault current
flowing through the grounding electrode significantly
increase risks.

The financial costs incurred due to injury at work,
especially in connection with contact with electricity,
were very difficult to collect and analyze because un-
til now such evidence had not been recorded system-
atically in the company. This shows that until now this
company has not paid much attention to instruments
for the reduction of such types of financial expendi-

Filko, P., Rizik stradavanja radnika ..., Energija, god. 57(2008), br. 3., str. 312-327



ova kompanija, do sada, nije previSe bavila instru-
mentima za smanjivanje takvih vrsta financijskih
troSkova. Neki odgovorni ljudi tvrtke osjecaju
postupno povecanje te vrste troSkova te uvidaju da
¢e ubrzo morati sustavno i daleko ¢esce i kvalitet-
nije pratiti i procjenjivati takve novcane odljeve radi
boljeg poslovanja tvrtke.

U slucajevima povreda na radu radnika distribu-
tivne tvrtke, ali i za radnike drugih tvrtki i ostale
prolaznike u blizini elektroenergetskih distribuci-
jskih postrojenja, tvrtka je vezana objektivnom
odgovornoséu zbog dvije ¢injenice:

— kao imatelj opasne tvari i

— jer se bavi opasnom djelatnoscu.

Tu odgovornost iskljucuje samo:
— visasila,

— djelovanje trece osobe i

— gruba nepaznja ostecenoga.

Naravno da je potrebno dokazati takvo iskljucenje
Sto se u sudskoj praksi pokazalo gotovo

nemoguce.

U nastavku je dana tablica svih podataka koji su
mogli biti prikupljeni, prezentirani i analizirani.

Tablica 3 - Financijske velic¢ine
Table 3 - Financial values

Uzrok bolovanja / Reason for

sick leave 2002.
Bolest / Illness 807 949,55

Isplaceno / Povreda na radu / Injury at 257 647,42

Amount paid  work

[HRKI Porodiljni / Parental leave 115 370,38
Njega / Care 48 120,20
Bolest / Illness 4 481

Dan'i bolo- Povreda na radu / Injury at 1177

vanja / Days of work

sick leave Porodiljni / Parental leave 879
Njega / Care 342
Bolest / llness 421

Broj sluéajeva Povreda na radu / Injury at 25

/ Number of work

cases Porodiljni / Parental leave 6
Njega / Care 73

Na financijske troskove tvrtke nastale zbog pov-
reda na radu, s posebnim naglaskom na povrede
s uklju¢enim djelovanjem elektricne energije,
utjecu:

— bolovanja,

— troSkovi izvodaca radova drugih tvrtki na
odrZavanju zbog izostanka radnika,

— naknade imovinske i neimovinske Stete,

— troskovi lijecenja,

tures. Some responsible people in the company
feel that there has been a gradual increase in
these types of expenditures and are of the opinion
that it will soon be necessary to monitor and as-
sess such monetary outflows systematically and
far more often in order to improve company per-
formance.

In cases of worker injuries at distribution compa-
nies, but also for workers of other companies and
passersby in the vicinity of an electrical distribu-
tion facility, a company is objectively liable due to
two facts:

— itis the owner of hazardous materials and

— itis engaged in a hazardous activity.

Such liability excludes only the following:
— force majeure,

— the activities of a third person and

— gross negligence of the injured party.

Naturally, it is necessary to prove such exclusions,
which in court practice has been shown to be
practically impossible.

The table below presents all the data that could be
collected, presented and analyzed.

Godina / Year
2003. 2004. 2005. 2006.
935 791,82 975 232,90
195 946,20 161 895,44 215 751,84 162 915,56
0,00 0,00
43 808,95 38 275,25
4 406 4214
778 584 572 416
748 1008
313 867
430 412
45 26 29 21
9 2
54 50

The following influence the financial expenditures
of the company that occur due to injury at work,
with particular emphasis on injuries that include
the effect of electricity.

— sick leave,

— labor costs for maintenance workers from
other companies due to worker absence,

— compensation for pecuniary and non-pecuni-
ary damages,
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— troskovi zbog kaznene prijave inspektora
zaStite na radu,

— troskovi zbog nezgode na radu preko osigu-
ravatelja,

— idrugidirektniiindirektni troskovi, kao npr.
troskovi doZivotne rente,

— U slucaju smrtne posljedice pojavijuju se
troskovi naknade imovinske i

— neimovinske Stete koja, po trenutacnoj
sudskoj praksi, iznosi do 250 000,00 HRK
po ¢lanu obitelji oste¢enoga.

ZAKLJUCAK

Promatraju¢i samo financijske elemente
troSkova povreda na radu u Elektroslavoniji
Osijek, mogu se formirati sljededi zakljucci:

Kao maksimalna veli¢ina pojavljuje se trosak
bolovanja od 10306,00 HRK po radniku godisnje
Sto pomnozeno s prosjec¢no 30 radnika na bolo-
vanju godisnje iznosi 309 180,000 HRK.

Procjena troskova zbog izostanka radnika s
posla pokazuje da je izgubljeno prosjecno 705
radnih dana koje bi (ako se na tim poslovima
unajme radnici druge tvrtke) trebalo platiti do-
datnih gotovo 300 000,00 HRK godisnje.

Treba racunati da ¢e troskovi na ime dozZivotne
rente i troskova lijecenja, koji su sada oko
150 000,00 HRK godisnje, rasti na vece vrijed-

nosti.

Ako je procjena da se svakih 5 godina dogodi
povreda sa smrtnom posljedicom, tada za
prosjecno 3 Clana obitelji na ime naknada im-
ovinske i neimovinske Stete treba isplatiti oko

150 000,00 HRK godisnje.

Ukupno svi ti troSkovi se mogu procijeniti na
1000 000,00 HRK po godini Sto je 33 000,00 HRK
po radniku godiSnje. Ako se tu posebno izdvoje
ozljede na radu nastale kao posljedica djelo-
vanja elektricne energije i pretpostavi samo
dvije takve ozljede godiSnje, tada se moze
re¢i da bi u tom slucaju ukupni troskovi bili do
200 000,00 HRK po radniku godisnje, s tenden-
cijom strmog uzlaznog rasta.

Vecina ovih troSkova rast ¢e i unato¢ poduzetim
mjerama za smanjenje troskova ozljedivanja
radnika, no ako se troskove rizika ugroze rad-
nika na odrzavanju ne stavi pod kontrolu, za
oCekivati je eksplozivan rast, jer postrojenja
nisu odrzavana dugo vremena i ulaganja u njih
nisu bila dostatna.

— costs of medical treatment,

— costs due to penalties imposed by the work safety
inspector,

— costs due to accidents at work via an insurer,
and

— other direct and indirect costs, such as costs for
life-long financial support.

— inthe event of fatal consequences, there are costs
for compensation for pecuniary and non-pecuni-
ary damages which, according to current court
practice, can be up to 250 000,00 HRK per family
member of the deceased.

CONCLUSION

Considering only the financial costs of work-related
injuries at Elektroslavonija Osijek, it is possible to
draw the following conclusions:

The greatest expenditure is the cost of sick leave, 10
306,00 HRK per worker annually, which when multi-
plied by an average of 30 workers on sick leave annu-
ally amounts to 309 180,000 HRK.

Assessment of the costs due to worker absence from
work shows that an average of 705 working days are
lost for which, if workers from other companies are
engaged to do these jobs, it is necessary to pay nearly
an additional 300 000,00 HRK annually.

It is necessary to take into account that costs for life-
long support and medical treatment, which are cur-
rently approximately 150 000,00 HRK annually, will
rise.

If it is estimated that every 5 years there will be an
injury with fatal consequences, then for an average
3-member family it will be necessary to pay approxi-
mately 150 000,00 HRK annually for pecuniary and
non-pecuniary damages.

All the expenditures together can be estimated at
1000 000,00 HRK per year, which is 33 000,00 HRK per
worker annually. If work injuries are singled out that
occurred as a consequence of the effect of electric-
ity and only two such injuries annually are assumed,
then in such a case the total costs would be up to
200 000,00 HRK per worker per year, with a tendency
toward sharp increase.

Despite the measures undertaken for reducing the
costs of worker injuries, the majority of the costs
will rise. However, if the costs of the risks to main-
tenance workers is not subject to control, explosive
growth can be expected because the facilities have
not been serviced for a long time and investments in
them have not been sufficient.
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NAPON NUL-VODICA MREZE
NISKOG NAPONA ZA VRIJEME
ZEMLJOSPOJA U MREZ|
SREDNJEG NAPONA

THE NEUTRAL CONDUCTOR
VOLTAGE IN A MEDIUM-
VOLTAGE NETWORK DURING A
GROUND FAULT

Matislav Majstrovic, Zagreb, Hrvatska - Hrvoje Olujic, Split,
Hrvatska

0d svih zemljospojeva koji se mogu pojaviti u mrezama srednjeg napona sa stanovista
sigurnosti ljudi i opreme najproblematicniji je zemljospoj u trafostanici srednji napon/
niski napon. Naime, uzemljivacki sustav mreze niskog napona direktno je povezan

s uzemljivacem trafostanice. Stoga se svako povecanje potencijala uzemljivaca
trafostanice direktno prenosi preko nul-vodica u instalaciju potrosaca. Iz navedenih
razloga u ovom radu detaljnije se obraduje problematika odredivanja napona nul-
vodic¢a u mrezi niskog napona za vrijeme zemljospoja na razini srednjeg napona u
pojnoj trafostanici koja je element mreZe srednjeg napona s izoliranim zvjezdistem.
Prezentiran je racunski model za analizu napona nul-vodica u realnim distribucijskim
mrezama. Analizirane su dvije karakteristi¢ne distribucijske mreze polozene na
kraskom terenu. Dobiveni rezultati su usporedeni s rezultatima mjerenja.

Of all the ground faults that can occur in medium-voltage networks from the
standpoint of human and equipment safety, the most problematic is a ground

fault in a medium-voltage/low-voltage substation. The grounding system of a low-
voltage network is directly connected to the grounding electrode of the substation.
Therefore, each increase in the potential of the grounding electrode of the substation
is transmitted directly via the neutral conductor into the customer’s installation. For
these reasons, in this article a detailed investigation is presented of the problem of
determining the neutral conductor voltage in a low-voltage network during a ground
fault at the medium-voltage level in a supply substation that is an element of a
medium-voltage network with an isolated neutral point (star point). A computer model
is presented for the analysis of the neutral conductor voltage in actual distribution
networks. Two characteristic distribution networks located on karstic terrain are
analyzed. The results obtained are compared to the results of measurements.

Kljucne rijeci: distribucijska mreza, napon nul-vodica, niski napon,
potencijal, srednji napon, zemljospoj

Key words: distribution network, ground fault, low-voltage,
medium-voltage, neutral conductor voltage, potential
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Distribucijske trafostanice srednji napon/ni-
skinapon ((TS SN/NN) Siroko su rasprostranjeni
objekti. Prema zadnjim dostupnim tehnickim
podacima na podrucju HEP Operator distibuci-
jskog sustava (HEP ODS), Distribucijsko podrucje
(DP) Elektrodalmacija Split u pogonu je 2 541
TS 10(20)/0,4 kV, od kojih je 2 232 u vlasnistvu
Hrvatske elektroprivrede (HEP d.d.), a ostale suu
vlasnistvu drugih pravnih subjekata. Za ilustrac-
iju slika 1 prikazuje TS 10(20)/0,4 kV tipa tornjic
na koju je preko provodnih izolatora prikljucen
10(20) kV zracni vod. Provodna ploca na koju se
ucvrséuje provodniizolator najcesée je metalna i
uzemljena. Probojem provodnog izolatora u jed-
noj fazi dogada se zemljospoj.

INTRODUCTION

Medium-voltage/low-voltage distribution substa-
tions are widespread. According to the most recent
available technical data, within the territory of the
HEP Distribution System Operator (HEP ODS), Dis-
tribution Region (DP) Elektrodalmacija Split, there
are 2 541 10(20)/0,4 kV substations in operation, of
which 2 232 are owned by HEP d.d. (Hrvatska elek-
troprivreda - The Croatian Power Company) and
the remaining are under the ownership of other
legal subjects. As an illustration, Figure 1 shows a
10(20)/0,4 KV substation to which a 10(20) kV aerial
line is connected using insulated bushings. The
conductive plate to which the insulated bushings
are fastened is most often metal and grounded. A
ground fault can occur due to the breakdown of an
insulated bushing in a single phase.

L
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Slika 1 — TS 10
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0)/0,4 kV tipa tornji¢

Figure 1 — 10(20)/0,4 kV substation

Slicno vrijedi i za ostale tipove trafostanica koji
se pojavljuju u distribucijskoj praksi. U slucaju
spomenutog zemljospoja uzemljiva¢ pogodene
trafostanice dolazi na puni potencijal kvara i taj
se potencijal preko nul-vodica, koji je vezan za
uzemljivacki sustav ove trafostanice prenosi do
instalacija niskog napona potroSaca. Potenci-
jal nul-vodica u instalaciji potrosaca ovisi o vise
faktora, ovisno o tome napaja li se potrosac
podzemnim kabelom niskog napona uz poloZeno
uzemljivacko uZe ili traku ili se napaja zracnim
vodom (samonosivim kabelskim snopom SKS ili
golim vodi¢ima). Pri tom kod napajanja zra¢nim
vodom potencijal nulvodi¢a najviSe ovisi o tome
na koliko je stupnih mjesta nul-vodi¢ uzem-
ljen duZ izvoda i koliko su kvalitetno izvedeni

uzemljivaci tih stupova.

U ovom radu analiziraju se razni slucajevi
prenosenja potencijala u mrezu niskog napona
pri zemljospoju u neuzemljenoj mrezi srednjeg
napona na kraskom terenu, gdje specificni ot-
por zemlje znatno ovisi o vremenskim prilikama

The same also applies to the other types of sub-
stations in distribution practice. In the event of a
ground fault, the grounding electrode of the affected
substation reaches fault potential. This potential is
transferred via the neutral conductor, which is con-
nected to the grounding system of the substation, to
the customer’s low-voltage installation. The neutral
conductor potential in the customer’s installation
depends on several factors, according to whether
the customer is supplied via a low-voltage under-
ground cable together with a grounding cable or a
grounding strip or is supplied via an aerial line (aer-
ial bundled conductors or bare conductors). When
supplied via an aerial line, the neutral conductor
voltage primarily depends upon the number of pole
sites at which the neutral conductor is grounded
along the feeder and the quality of the installation
of the grounding electrodes of the poles.

In this article, various cases of the transfer of poten-
tial in a low-voltage network during ground faults in
an ungrounded medium-voltage network on karstic
terrain are analyzed, where the specific soil resis-
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(padalinama). Za primjer odabrane su dvije dis-
tribucijske mreze DP-a Elektrodalmacija Split
kod kojih su mreze 10(20) kV u pogonu s izo-
liranim zvjezdiStem. Analiza je provedena za
dva karakteristi¢éna vremenska razdoblja (vlazni
i suhi). Rezultati dobiveni racunskim putem
usporedeni su s rezultatima dobivenim mjeren-

jem na terenu.

PRORACUN STRUJE ZEML-
JOSPOJA

Napajanje TS SN/NN izvodi se kabelskim i/
ili zra¢nim vodovima srednjeg napona. Kabel-
ski vodovi izvode se najces¢e kabelima Ciji su
metalni plastevi uzemljeni u pripadnim trafos-
tanicama. Paralelno sa svakim kabelom polaze
se uzemljivacko uZe ili traka. U ovom radu, radi
preglednosti postupka, najprije ¢e se analizirati
zemljospoj u neuzemljenoj mrezi srednjeg na-
pona sa zracnim vodovima bez dozemnog uZeta,
a potom u mrezi s kabelskim vodovima. Izvodi
niskog napona iz TS SN/NN izvode se u praksi
kao zra¢ni  (goli vodici ifili SKS) i/ili kabelski.
Kod zracne mreze niskog napona uzemljivaci
se izvode kod pojedinih stupova duZ trase voda
gdje se uzemljuje nul-vodi¢. U slucaju kabel-
ske mreze uz kabele niskog napona polaze se
uzemljivacko uZe ili traka (na slici 2 prikazano
crtkanom Llinijom - Cu uze).

tivity significantly depends upon the weather condi-
tions (precipitation). As an example, two distribu-
tion networks have been chosen within DP Elek-
trodalmacija Split, where 10(20) kV networks are in
operation with isolated neutral points. Analysis was
performed for two characteristic seasons of the
year (rainy and dry). The results obtained by com-
puter are compared to the results obtained from
measurements on the terrain.

CALCULATION OF GROUND
FAULT CURRENT

A medium-voltage/low-voltage substation is sup-
plied via medium-voltage cable lines and/or aerial
lines. Cable lines most often use cables whose
metal sheaths are grounded in the corresponding
substations. Parallel to each cable is a grounding
cable or strip. In this article, for purposes of clarity,
an analysis will first be presented of a ground fault
in an ungrounded medium-voltage network with
aerial lines but without a grounding cable, and then
in a network with cable lines. A low-voltage feeder
from a medium-voltage/low-voltage substation is
in practice an aerial (bare conductors and/or bun-
dled cables and/or cables). In a low-voltage aerial
network, the grounding electrodes are installed at
some poles along the line where the neutral con-
ductor is grounded. In the case of a cable network,
along the low-voltage cable is a grounding cable or
grounding strip (shown in Figure 2 by the dotted line
- copper cable).

| Suuie
| AR

Upam s TS

Lpanent S
Y

Slika 2 — Zemljospoj na srednjenaponskom nivou u TS SN/NN

Figure 2

Pretpostavlja se da je zemljospoj nastao u fazi
L1. Kod izraCuna struje zemljospoja (I,) koris-
tit ce se metoda superpozicije. Najprije e se
u kratkospojnu vezu (K-D) zanemarivo malog
otpora kojom tece struja zemljospoja ubaciti
dva fiktivna medusobno suprotno orijentirana
naponska izvora. Ovi naponi jednaki su faznom

Ground fault at a the medium

voltage level in an MV/LV substation

Let us assume that the ground fault occurred in
phase L1. The superposition method will be used in
the ground fault current (Z,) calculation. First of all,
in the short-circuit connection, which has negligible
low resistance through which the short-circuit cur-
rent flows, two fictitious voltage sources of mutu-
ally opposite polarities are inserted. These voltages
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naponu koji je vladao na mjestu zemljospoja pri-
je njegovog nastanka (¥, ). U skladu s metodom
superpozicije moZe se sustav za vrijeme zeml-
jospoja rastaviti na dva sustava. Jedan od njih je
sustav koji je bio prije kvara, a drugi ¢e biti nazvan
fiktivnim sustavom. U fiktivnom sustavu egzistira
samo fiktivni napon, dok su ostali naponski izvori
premosteni, a strujni izvori, ako ih ima, odspoje-
ni. Na osnovi napona na mjestu zemljospoja za
vrijeme zemljospoja te struje kroz kratkospojnu
vezu (struja zemljospoja) fiktivni sustav moze se
prikazati u sustavu simetricnih komponenata na
nacin prikazan na slici 3.

are equal to the phase voltage that was present at
the ground fault point prior to its occurrence (V).
According to the superposition method, the system
during a ground fault may be divided into two sys-
tems. One of them is the system that existed before
the fault occurred and the other will be called the
fictitious system. In the fictitious system, there is
only fictitious voltage, while the other voltage sourc-
es are short-circuited, while the current sources,
if they exist, are disconnected. On the basis of the
voltage at the ground fault point during the ground
fault and the current through the short-circuited
connection (ground fault current), the fictitious
sytem can be presented in a system of symmetrical
components as shown in Figure 3.

Slika 3 — Fiktivni sustav u sustavu simetricnih komponenata
Figure 3 — Fictitious system in a sys

Ovdje je:

Z— impedancija sustava gledano s mjesta
zemljospoja u direktnom sustavu,

Z — impedancija sustava gledano s mjesta
zemljospoja u inverznom sustavu,

Z,— impedancija sustava gledano s mijesta
zemljospoja u nultom sustavu,

Z ,—impedancija izmedu tocaka D i 0 (refer-
entna os sustava ili referentna zemlja),
V,,—fazni napon na mjestu zemljospoja nep-
osredno prije nastanka zemljospoja (obic¢no se
uzima da je njegov iznos jednak nazivnoj vri-

jednosti s kutem 0° prema referentnoj osi).

Stvarne elektricne veli¢ine (napon i struja) za
vrijeme zemljospoja dobiju se superpozicijom
vrijednosti u sustavu prije zemljospoja i u fik-
tivnom sustavu. Buduci da prije nastanka zem-
ljospoja nije bilo kratkospojne veze slijedi da je
za odredivanje struje zemljospoja dovoljan fik-
tivni sustav.

|z slike 3 vidi se da je:

VLI

temn of symmetrical components

Ovdje je:

Z,— impedancija sustava gledano s mjesta zeml-
jospoja u direktnom sustavu,

Z,— impedancija sustava gledano s mjesta zeml-
jospoja u inverznom sustavu,

Z,— impedancija sustava gledano s mjesta zeml-
jospoja u nultom sustavu,

Z ,—impedancija izmedu tocaka D i O (referentna
os sustava ili referentna zemlja),

V., —fazninapon na mjestu zemljospoja neposredno
prije nastanka zemljospoja (obi¢no se uzima
da je njegov iznos jednak nazivnoj vrijednosti s
kutem 0° prema referentnoj osi).

Stvarne elektri¢ne veli¢ine (napon i struja) za vri-
jeme zemljospoja dobiju se superpozicijom vrijed-
nosti u sustavu prije zemljospoja i u fiktivnom sus-
tavu. Buduci da prije nastanka zemljospoja nije bilo
kratkospojne veze slijedi da je za odredivanje struje
zemljospoja dovoljan fiktivni sustav.

Iz slike 3 vidi se da je:

T Z 4Z+Z,+3Z,
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Struja zemljospoja jednaka je:

I=1,+I1+1,=31,,

3V,

‘T ZAZAZ,43Z,

Buduci da su impedancije uzduznih grana mno-
go manje od impedancija poprecnih grana el-
emenata sustava moZe se napisati da je:

Z,(Z,,

Z(Z,.
Nadalje, uz sljedece pretpostavke:

Z,~0+j0,

Z =0+j0,

1

Z, =0+ ——
i2nfC,

9

ZUZz0+jO’

gdje je:

C,— dozemni kapacitet mreze srednjeg napona
u kojoj se desio zemljospoj,
f —frekvencija,

dobije se prema [1] i [2] Cesto koristena relacija
za izracun struje zemljospoja koji se dogodio u
fazi L3 (pri tom je smijer struje suprotan od onog

prikazanog na slici 2):

I = 3(_VL3)

z 1 >
i2nfC,

I :3(_3VL1)

z 1 >
i2nfC,

The ground fault current is equal to:

Since the impedances of the longitudinal branches
are much lower than the impedances of the trans-
versal branches of the system elements, it is pos-
sible to write the following:

Furthermore, under the following assumptions:

where

C,— ground capacitance of the medium-voltage
network in which the ground fault occurred,
f —frequency,

according to [1]and [2], a frequently used expression
for the calculation of the ground fault current which

occurred in Phase L3 is obtained (the direction of
the current is opposite to that shown in Figure 2):

(10)

(1
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gdje je:

a — operator (a=¢2"), pa vrijedi:

I, =3V, 2nfC,e .

Kod mreze srednjeg napona sa zra¢nim vodo-
vima bez dozemnog uZeta struja mjerodavna za
odredivanje potencijala nul-vodi¢a u mrezi ni-
skog napona ([,,) za vrijeme zemljospoja je:

Prije je reCeno da mreZa srednjeg napona
moZe biti izvedena kabelskim vodovima. U tom
slucaju s aspekta uzemljenja metalnih plasteva
kabela mozZe se javiti nekoliko slucajeva koji su
relevantni za odredivanje struje mjerodavne za
odredivanje potencijala nul-vodi¢a u mrezi ni-
skog napona (/,,) za vrijeme zemljospoja. U os-
novi postoje dvije grupe kabela i to:

— kabeli koji nemaju metalni plast,
— kabeli koji imaju metalni plast.

Pri tom metalni plastevi kabela mogu biti:

— uzemljeni na oba kraja kabelskog voda,
— uzemljeni na jednom kraju kabelskog voda.

Ako je promatrani kabel uzemljen samo na jed-
nom kraju, tada se razlikuju dva slucaja zeml-

jospoja:

— zemljospoj nastao na mjestu u trafostanici
koje je galvanski vezano za metalni plast ka-
bela i uzemljivacki sustav trafostanice ili

— zemljospoj nastao na mjestu koje je gal-
vanski vezano samo za uzemljivacki sustav
trafostanice (metalni plast kabela na ovom

mjestu nije uzemljen).

Postupak izracuna struje zemljospoja u slucaju
kabela bez metalnog plasta i u slucaju kabela s
metalnim plastem kada zemljospoj nastane u TS
SN/NN u kojoj nisu metalni plastevi kabela ve-
zani na uzemljivacki sustav trafostanice, dok su
na drugom kraju vezani, isti je prije prikazanom.
Pri tom je vazno napomenuti da u ovom slucaju
impedancija Z , predstavlja ekvivalentnu imped-
anciju svih vlastitih i medusobnih impedancija
elemenata sustava vezanih na uzemljivacke sus-
tave mreza srednjeg i niskog napona (slika 2).
IzraCunata struja zemljospoja mjerodavna je za

where

a — operator (a=¢""), and thus

(12)

For a medium-voltage network with aerial cables
lines without a grounding cable, the current used
for determining the neutral conductor potential in
a low-voltage network (Z,,) during a ground fault is
as follows:

(13)

It was previously stated that a medium-voltage net-
work can use cable lines. In this case, from the as-
pect of the grounded metal cable sheaths, several
relevant cases can occur for determining the cur-
rent for the determination of the neutral-line con-
ductor potential in a low-voltage network (Z,,) dur-
ing a ground fault. Basically, there are two groups of
cables, as follows:

— cables that do not have a metal sheath,
— cables that have a metal sheath.

Metal cable sheaths can be as follows:

— grounded at both ends of the cable line,
— grounded at one end of the cable line.

If a cable is grounded only at one end, two cases of
ground fault can be differentiated:

— the ground fault occurred at a point in a sub-
station which was galvanically connected to the
metal cable sheath and the grounding system of
the substation, or

— the ground fault occurred at a point that is only
galvanically connected to the grounding system
of the substation (the metal cable sheath is not
grounded at this point).

The procedure for the calculation of the ground
fault current in the case of a cable without a metal
sheath andin the case of a cable with a metal sheath
when a ground fault occurs in an MV/LV substation
in which the metal cable sheaths are not connected
to the grounding system of the substation, while
they are connected at the other end, is the same as
previously presented. It is important to note that in
this case impedance Z, represents the equivalent
impedance of all the self and mutual impedances
of the system elements connected to the ground-
ing systems of the medium-voltage and low-voltage
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odredivanje potencijala nul-vodi¢a u mrezZi ni-
skog napona.

U slucaju uzemljenja metalnih plasteva kabela
na oba kraja jedan dio struje zemljospoja tedi
¢e plastem, dok ce drugi dio teci elementima
koji su vezani na uzemljivacki sustav i relevant-
ni su za potencijal nul-vodica (3], [4] i [5].

U slucaju kabelske mreZe srednjeg napona
utjecaj uzemljivackih uzadi kabela spojenih
na uzemljivacki sustav promatrane TS SN/NN
uzima se u skladu s njihovim elektromagnets-
kim spregama s ostalim vodic¢ima i pripadnim

odvodima [3], [4], [5], [6], [7], [8] i [9].

PRQRACUN NAPONA NUL-
VODICA

Promatrajuci zemljospoj na slici 2 vidljivo je da
¢e u slucaju nesimetricnog opterecenja duz
izvoda niskog napona | zemljospoja na sredn-
jem naponu u pojnoj TS SN/NN teéi struje kroz
dijelove postrojenja povezane s uzemljivackim
sustavom i pri tom utjecati na napon (potencijal)
nul-vodic¢a. Pod pojmom napona podrazumije-
va se napon izmedu neke tocke na nul-vodicu
i referentne osi (referentne zemlje). Analiza
napona nul-vodica provest ¢e se metodom su-
perpozicije. U skladu s ovom metodom sustav
za vrijeme zemljospoja moze se rastaviti na dva
sustava. Jedan sustav ¢e biti sa sekundarnim
namotima transformatora kao naponskim iz-
vorima (ekvivalent s elektromotornim silama
i pripadnim impedancijama) i bez struje zem-
ljospoja (stanje prije kvara), a drugi ¢e biti s fik-
tivnim naponskim izvorom u kratkospojnoj vezi
kojim teCe struja zemljospoja i premostenim
elektromotornim silama prije spomenutog st-
varnog naponskog izvora. Stvarne elektri¢ne
veli¢ine dobiju se zbrajanjem njihovih vrijed-
nosti u jednom i drugom sustavu. Dakle, da bi
se odredio utjecaj struje zemljospoja na razini
srednjeg napona u pojnoj TS SN/NN na napon
nul-vodica dovoljan je drugi sustav. Najveci na-
pon nul-vodica bit ¢e u slucaju praznog hoda
(neopterecene) mreze niskog napona.

Teorijske osnove
Zracni izvod niskog napona
Na slici 4 prikazana je TS SN/NN kojoj je na
strani niskog napona prikljuen samo jedan
zracni izvod. Postupak je slican i u slucaju vise
izvoda niskog napona. Radi pojednostavljenja
pretpostavlja se da duZ trase voda niskog na-
pona nema priklju¢enih potrosaca s pripadnim
trosilima, odnosno da je mreza niskog napona
u praznom hodu. Nadalje se pretpostavlja da
svaki stup zrac¢nog izvoda niskog napona ima

networks (Figure 2). The calculated ground fault cur-
rent is applicable for the determination of the neutral
conductor potential in a low-voltage network.

In the case of metal cable sheaths grounded at both
ends, one part of the ground fault current will flow
through the sheath while the other part will flow
through the elements that are connected to the
grounding system and relevant for the neutral con-
ductor potential [3], [4] and [5].

In the case of a medium-voltage cable network, the
influence of the grounding cables connected to the
grounding system of the MV/LV substation is con-
sidered according to their electromagnetic coupling
to other conductors and the corresponding output
feeders [3], [4], [5], [6], [7], [8] and [9].

CALCULATION OF THE NEU-
TRAL CONDUCTOR VOLTAGE

From the ground fault in Figure 2, it is evident that
in the case of an asymmetrical load along the low-
voltage feeder and ground fault at medium-voltage in
an MV/LV supply substation, current will flow through
the parts of the equipment connected to the ground-
ing system and thus influence the voltage (potential)
of the neutral conductor. The term voltage is under-
stood to mean the voltage between a point on the
neutral conductor and the reference axis (reference
ground). Analysis of the neutral conductor voltage
will be performed by the superposition method. Ac-
cording to this method, the system during a ground
fault can be divided into two systems. One system will
have secondary windings of the transformer as volt-
age sources (equivalent to electromotive forces and
the corresponding impedances) and without ground
fault current (the state prior to the fault), and the
other will have a fictitious voltage source in a short-
circuit connection through which ground fault current
flows and short-circuited electromotive forces of the
previously mentioned actual voltage source. The ac-
tual electrical values are obtained as the sum of the
values in both systems. Therefore, the second system
is sufficient in order to determine the influence of the
ground fault current at the medium-voltage level in a
supply MV/LV substation upon the neutral conductor
voltage. The highest neutral conductor voltage will
occur in the case of the no-load operation of a low-
voltage network.

Theoretical foundations
Load voltage aerial feeder
In Figure 4, an MV/LV substation is presented to which
only one aerial feeder is connected at the low-voltage
level. The procedure is similar in the case of several
low-voltage feeders. In order to simplify presentation,
let it be assumed that there are no customers with
their corresponding loads connected along the low-
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svoj uzemljiva karakteriziran pripadnim ot-
porom. Cilj proracuna je odrediti napon nul-
vodica duz trase izvoda niskog napona za vri-
jeme zemljospoja na razini srednjeg napona u
pripadnoj TS SN/NN.

voltage ling, i.e. the low-voltage network is in no-load
operation. Furthermore, it is assumed that each pole
of the low-voltage aerial feeder has its own ground-
ing electrode and the corresponding grounding re-
sistance. The goal of the calculation is to determine
the neutral conductor voltage along the low-voltage
feeder during a ground fault at the medium-voltage
level in the corresponding MV/LV substation.

@ @ L01] ®
TS SN/NN / Swp/ Swp/ KPO Sup/ Swp/ KP@)
o @ - @+1) fr=1)

... Referantna zemia/

Refarence ground

P - Kutni prikjuéak / Housahold connacton

Slika 4 — Zracni izvod niskog napona iz TS SN/NN
Figure 4 — Low-voltage aerial feeder from an MV/LV

gdje je:

R, — otpor uzemljivaca TS SN/NN,
R,..R  ,...R,_ .., R — otporuzemljivaca stupa,
R,R — otpor uzemljivaca potrosaca.

Na slici 5 prikazana je ekvivalentna shema
ovakvog sustava u slucaju zemljospoja na
razini srednjeg napona u promatranoj TS SN/
NN. Budu¢i da se analizira slucaj praznog hoda
mreZe niskog napona (neopterecena mreza),
promatra se samo nul-vodi¢ s pripadnim
uzemljivaima trafostanice, stupova i kucnih
prikljué¢aka (KP).

(1) =&, @ @D

where

R, — grounding resistance of an MV/LV substation,
R,..,R ,..R .., R — polegrounding resistance, and

R, R — grounding resistance of a customer facility.

In Figure 5, an equivalent diagram is presented of
such a system in the event of a ground fault at the
medium-voltage level in an MV/LV substation. Since
no-load operation of the low-voltage network is
analyzed, only the neutral conductor with the cor-
responding grounding electrodes of the substation,
poles and household connections are considered.
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Slika 5 — Ekvivalentna shema zra¢nog izvoda niskog napona u sluc¢aju zemljospoja u TS SN/NN
Figure 5 — Equivalent diagram of a low-voltage aerial feeder in the event of a ground fault in an MV/LV substation
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Prema Carsonu [1], [10] i [11] uzduZna imped-
ancija Z[_jjednakaje:

Oznake su :

R —

vl

vl

radni otpor nul-vodi¢a po jedinici
duljine,

uzduzna impedancija nul-vodi¢a po
jedinici duljine,

duljina dionice i nul-vodica,

kruzna frekvencija, o = 2z f,
frekvencija,

magnetska permeabilnost vakuma,
specificni elektricni otpor (elektricna
otpornost) tla,

reducirani polumjer vodica (nul-vodica),
otpor i-tog uzemljivaca (izmjeren ili
izracunat).

Za mreZu sa slike 5 moZe se napisati sljedeca
matri¢na jednadzba za odredivanje napona

nul-vodica.
LABRARE
i | Yy
AN
LVl Ya Yo
gdje je:

Y, — vlastita admitancija i-tog ¢vora,i=12 ...,n
Y, — medusobna admitancija i-tog i j-tog ¢vora,
i=1,2,...,m j=12,...,0; i#].

Napon i-tog mjesta na nul-vodicu jednak je:

According to Carson [1], [10] and [11], longitudinal
impedance Z, equals:

(14)

(19

where

R, — the active resistance of the neutral conduc-
tor per unit of length,

Z,—  the longitudinal impedance of the neutral
conductor per unit of length,

l,:, — section length i-j of the neutral conductor,

0 — angular frequency, o = 2z f,

f - frequency,

u, — magnetic permeability of vacuum,

p — specific soil resistivity,

ro— reduced conductor radius (neutral conductor),

R — i-th grounding resistance (measured or

calculated).

For the network from Figure 5, it is possible to write
the following matrix equation for the determination of
the neutral conductor voltage:

1i Yln _Izz—‘
Y2i Y2n O
, 16
i in 0 ( )
Y, ~ v,| [o]
where

Y, — self admittance of the i-th note, i=1,2,...,n
Ifj — mutual admittance of the i-th and j-th nodes,
i=1,2,...,n j=1,2,...,n i#j.

The voltage of the i-th point on the neutral conductor
equals:

(17
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Napon izmedu nul-vodicaivlastitog uzemljivaca
u objektu i-tog potrosaca (slika 5) jednak je:

AVNi :VN

i

Kabelski izvod niskog napona

Na slici 6 prikazana je TS SN/NN kojoj je na
strani niskog napona prikljuen samo jedan
kabelski izvod. Slican postupak je i u slucaju
vise izvoda. Radi pojednostavljenja, kao i kod
zranog izvoda pretpostavljeno je da duz
trase voda niskog napona nema prikljuc¢enih
potroSaca s pripadnim trosilima, odnosno da je
mreZa niskog napona u praznom hodu.

Nadalje se pretpostavija da svaki kabelski
ormari¢ na kabelskom izvodu niskog napona
ima svoj uzemljivac karakteriziran pripadnim
otporom. Na slici 6 prikazana je ekvivalentna
shema sustava za izracun napona nul-vodic¢a u
slucaju zemljospoja na razini srednjeg napona
u promatranoj TS SN/NN. Buduéi da se analiz-
ira slucaj praznog hoda mreZe niskog napona
(neopterecena mreza), promatra se samo nul-
vodi¢, uzemljivacka uzad ili trake, uzemljivaci
kabelskih razvodnih ormara (KRO) i uzemljivaci
potrosaca (kuéni prikljucni ormari (KPO)).

The voltage between the neutral conductor and the
grounding electrode of the facility of the
i-th customer (Figure 5) equals:

Low-voltage cable feeder

In Figure 6, an MV/LV substation is presented to which
only one cable feeder is connected on the low-voltage
side. The procedure is similar in the case of several
feeders. For the purpose of simplification, as with the
aerial feeder, it is assumed that there are no custom-
ers with their corresponding loads connected along
the low-voltage line, i.e. the low-voltage network is
under no-load operation.

Furthermore, it is assumed that every cable box on
the low-voltage cable feeder has its own grounding
electrode characterized by the corresponding resis-
tance. In Figure 6, an equivalent system diagram is
presented for the calculation of neutral conductor
voltage in the case of a ground fault at the medium-
voltage levelinan MV/LV substation. Since the no-load
operation of a low-voltage network is analyzed, only
the neutral conductor, grounding cables or strips, the
grounding electrodes of the cable distribution boxes
and the grounding electrodes of the customer facili-
ties (service entrance boxes) are taken into account.

S| - Ko peeta e |

Slika 6 — Ekvivalentna shema kabelskog izvoda niskog napona u sluéaju zemljospoja u TS SN/NN

Figure 6 — Equivalent diagram o

Uzduzne impedancije grana racunaju se pre-
ma izrazima (14) i (15). Pri tom je l,u slucaju
nul-vodica duljina dionice, dok je u slucaju
uzemljivackog uZeta duljina i4-tog segmenta
Al . Buduci da je uzemljivacko uZe unutar di-
onice prikazano pomocu lanca T shema, za
pocetnu i krajnju uzduznu impedanciju unutar
dionice uzima se duljina =

Otpor poprecne grané i-tog segmenta
uzemljivackog uZeta duljine Al moZe se
izraCunti pomocu sljedeceg izraza [11]:

Filko, P., Rizik stradavanja radnika ...,

of a low-voltage cable feede

rin the case of a ground fault in an MV/LV substation

Longitudinal branch impedance values are calculat-
ed according to expressions (14) and (15). The section
length of the neutral conductor is /, while in the case
of the grounding cable the length of the i-th segment
is Al . Since the grounding cable within the section
is presented using a series of T circuits, for the first
and ast ongltudma impedance within a section, the
length Li is taken.

The resi&tance of the transversal branch of the i-th
segment of the grounding cable of the length Al can
be calculated using the following expression [11]:
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p Alui

R, = In
YomaAl, L 2H7,

gdje je:

H — dubina ukopavanja uzemljivackog uzeta,

r,— polumjer uzemljivackog uZeta.

Na slici 6 otpor uzemljivaca TS SN/NN oznacen
je R, dok su otpori uzemljivata potrosaca
oznaceni R;i R . Otpor uzemljivaca KRO, ako
postoji, oznacen je R, j=2,...,(n—1),j #i.

Nakonformiranjamatricevlastitihimedusobnih
admitancija ¢vorova mreZe prikazane na slici 6
moze se odrediti napon nul-vodica koristeéi se
izrazom (16).

Napon i-tog mjesta na nul-vodicu jednak je:

VNi:V,-

Naponizmedu nul-vodicaivlastitog uzemljivaca
u objektu i-tog potrosaca (slika 6) jednak je:

AV, =V,

i

NAPON NUL-VODICA U
REALNOJ MREZI NISKOG
NAPONA

Za primjer su odabrana dva segmenta dis-
tribucijske mreze DP Elektrodalmacija Split
(TS 10(20)/0,4 kV Bracevi¢i 4 i TS 10(20)/0,4 kV
Krc) kod kojih su mreze 10(20) kV u pogonu s
izoliranim zvjezdistima. Prva se napaja iz TS
35/10(20) kV Mué¢, a druga iz TS 35/10(20) kV
Klis. Za obje je zajednicko da se njihove mreze
10 kV i 0,4 kV rasprostiru kraskim terenom s
vrlo visokim specificnim elektricnim otporom
tla. TS 35/10(20) kV Mu¢ instalirane snage

2 x 4 MVA ruralna je trafostanica koja pokriva
Siroko podrucje bez veéih gospodarskih ak-
tivnosti. Trenutacno je u pogonu samo jedan
transformator, dok je drugi u rezervi. Mreza
10(20) kV napajana iz ove trafostanice pretezno

(19)

where

H — burial depth of the grounding cable,
r —radius of the grounding cable.

In Figure 6, the grounding resistance of the MV/LV
substation is R,, while the grounding resistances of
the customer facilities are R, and R, . The grounding
resistance of the cable distribution box, if it exists, is
R, j=2,...(n=1),j#i.

After the formation of the matrix of self and mutual
node admittances of the network shown in Figure 6,
it is possible to determine the neutral conductor volt-
age using Expression (16).

The voltage of the i-th point on the neutral conductor
equals:

The voltage between the neutral conductor and the
grounding electrode in the facility of the i-th custom-
er (Figure 6) equals:

(21)

NEUTRAL CONDUCTOR VOLT-
AGE IN AN ACTUAL LOW-VOLT-
AGE NETWORK

As an example, two segments of the distribution
network DP Elektrodalmacija Split (the Bracevici 4
10(20)/0,4 kV substation and the Kr& 10(20)/0,4 kV
substation), for which the 10(20) kV networks are in
operation with isolated neutral points, have been se-
lected. The firstis supplied from the Mu¢ 35/10(20) kV
substation and the second from the Klis 35/10(20) kV
substation. Both their 10 kV and 0,4 kV networks ex-
tend into karstic terrain with high specific soil resistiv-
ity. The Mu¢ 35/10(20) kV substation has an installed
capacity of 2 x 4 MVA and is a rural substation that
covers a broad area without major economic activity.
Currently, only one transformer is in operation while
the second is in reserve. The 10(20) kV network sup-
plied from this substation is primarily aerial. The area
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je zra¢na. Podrudje napajano iz TS 35/10(20) kV
Klis, instalirane snage 2 x 8 MVA, specificno je
po iznimno brzom prirastu novih potrosaca, u
prvom redu zbog naglog Sirenja poduzetnicke
zone Podi, te zbog izgradnje auto-ceste Zagreb
- Sestanovac. Mreza naponske razine 10(20)
kV napajana iz ove trafostanice mjeSovitog je
kabelsko-zracnog karaktera. Naime, svi novi
izvodi su u pravilu kabelski, dok su stari izvodi
zracni. Nagli razvoj ove mreZe ima za posljedicu
naglo povecanje struje zemljospoja. Razlog za
odabir ove konkretne mreZe je, pored ostalog i
njena konfiguracija. U zoni Podi svi izvodi 10(20)
kV 10,4 kV izvedeni su iskljucivo kabelski. Okol-
na sela napajaju se zracnim vodovima 10(20)
kV. Pored toga, izvodi 0,4 kV u ovim selima
su iskljucivo zracni, izvedeni golim vodi¢ima i
samonosivim kabelskim snopom.

Struja zemljospoja
U ovom primjeru analizira se zemljospoj na na-
ponskoj razini 10 kV u TS 10(20)/0,4 kV Braceviéi
4, odnosno u TS 10(20)/0,4 kV Kré.

TS 10(20)/0,4 kV Braceviéi 4

TS 10(20)/0,4 kV Bracevici 4 instalirane snage
250 kVA stupna je trafostanica (u daljnjem tek-
stu: STS) napajana zracnim vodom 10(20) kV iz
TS 35/10(20) kV Mué, a njena mreZa

0,4 kV sastoji se od tri SKS izvoda na drvenim i
betonskim stupovima. Iznos struje zemljospoja
na naponskoj razini 10 kV stupne trafostanice
izraCunat na modelu u skladu s jednadzbom (3)
iznosi:

I, =4,46A .

U tablici 1 prikazani su iznosi struja zemljospo-
ja(f,) dobiveni mjerenjem u vlaznom (19.5.2006.
godine) i suhom razdoblju (4.7.2006. godine).

Redni  Mjesto zemljospoja
broj/  (Mjerno mjesto) /

Konfiguracija mreze /

supplied from the Klis 35/10(20) kV substation has an
installed capacity of 2 x 8 MVA and is characterized by
an exceptionally rapid increase in the number of new
customers, primarily due to the sudden expansion of
the Podi entrepreneurial zone and the construction of
the Zagreb - Sestanovac Highway. The 10(20) kV net-
work supplied from this substation is of a mixed ca-
ble-aerial character. All the new feeders are as a rule
cable, while the old feeders are aerial. The sudden
development of this network has resulted in a sudden
increase in the ground fault current. A reason for the
selection of this specific network, among others, is its
configuration. In the Podi zone, all the 10(20) kV and
0,4 kV feeders are cable feeders. The surrounding vil-
lages are supplied by 10(20) kV aerial lines. Moreover,
the 0,4 kV feeders in these villages are all aerial, with
bare conductors and bundled cables.

Ground fault current
In this example, a ground fault is analyzed at a volt-
age level of 10 kV at the Bracevici 4 10(20)/0,4 kV sub-
station and the Kr¢ 10(20)/0,4 kV substation.

Bracevici 4 10(20)/0,4 kV substation

The Bracevic¢i 4 10(20)/0,4 kV substation, with an in-
stalled capacity of 250 kVA, is a pole substation sup-
plied by a 10(20) kV aerial line from the Mu¢ 35/10(20)
kV substation. Its 0,4 kV network consists of three
bundled cable feeders on wooden and concrete
poles. The value of the ground fault current at the 10
kV voltage level of the pole substation calculated on
the model according to Equation (3) is

(23)

In Table 1, the ground fault currents (Z,) obtained by
measurement in a rainy period (2006-05-19) and a
dry period (2006-07-04) arre presented.

Tablica 1- Izmjereni iznos struje zemljospoja
Table 1- Measured ground fault current values

Datum mjerenja /
Date of measurement

Ordinal  Grount fault point Network configuration 2006-05-19 2006-07-04
Number (measurement site) JATN 1, [A]
TS/ SS 35/10(20) kV Cijela 10(20) kV mreza u pogonu / Entire 10(20) kV network
1 g 4,2 41
Mu¢ (10 kV) in operation
Spojeni uzemljivaci cjelokupne mreZe niskog napona
2 STS /PSS 10(20)/0,4 kV  prikljuene na STS / The grounding electrodes of the entire 353 34
Bracevidi 4, (10 kV) low-voltage network connected to the pole substation are '
bonded together
Odspojeni uzemljivaci cjelokupne mreze niskog napona,
3 STS /PSS 10(20)/0,4 kV  prikljuéen samo uzemljiva¢ STS / The grounding electrodes 33 392
Bracevidi 4, (10 kV) of the entire low-voltage network are disconnected, and only ' '

the grounding electrode at the pole substation is conne
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Usporedujudi vrijednosti dobivene na modelu
s mjerenjem uocavaju se neke razlike koje su
rezultat nemogucnosti tocnog izracunavanja
dozemnih kapaciteta relevantnih elemenata
mreZze i nepoznavanja otpora dijela elektri¢nog
kruga kojim tece struja zemljospoja.

TS 10(20)/0,4 kV Kr¢

TS 10(20)/0,4 kV Kr¢ instalirane snage 630 kVA
napaja se kabelskim vodom 10(20) kV iz

TS 35/10(20) kV Klis. Kabelski vod izveden je
s tri kabela 20 kV, tipa XHE 49-A, 1x150 mm?,
polozenih u trolist. Iznos struje zemljospoja na
naponskoj razini 10 kV trafostanice

TS 10(20)/0,4 KV Kré izracunat na modelu u
skladu s jednadzbom (3) iznosi:

I,=87,58 A .

|zmjerena vrijednost ove struje dana je u ta-
blici 2 za suhi (2006-09-07) i vlazni (2006-09-26)
kraski teren.

Tablica 2 - Izmjereni iznos struje zemljospoja
Table 2 - Measured ground fault current values

Datum mijerenja / Date of measurement
2006-09-07
2006-09-26

Napon nul-vodica zracnog izvoda
niskog napona

Odabrana je mrezZa niskog napona napajana
iz STS 10(20)/0,4 kV Bracevici 4 iz razloga $to
je topoloski jednostavna i napaja mali broj
potroSaca. STS 10(20)/0,4 kV Bradevici 4 je stup-
na trafostanica izgradena tijekom devedesetih
godina pro$log stolje¢a. Napaja se zra¢nim vo-
dom 10(20) kV iz TS 35/10(20) kV Mu¢, a njena
mreZa 0,4 kV sastoji se od tri zratna SKS izvoda
na drvenim i betonskim stupovima kojima se
mali zaseoci napajaju elektricnom energijom.

Bududi da se analizirana distribucijska mreza
nalazi na kraskom terenu, gdje specificni
elektri¢ni otpor zemlje znatno ovisi 0 vremen-
skim prilikama (padalinama), mjerenje otpora
uzemljivaca vréeno je u vlaznom (2006-05-19) i
suhom razdoblju (2006-07-04). Na slici 7 prika-
zana je analizirana mreZa niskog napona napa-
jana iz STS 10(20)/0,4 kV Bracevici 4.

Comparing the values obtained on the model with
the measured values, several differences are noted
resulting from the impossibility of the precise cal-
culation of the ground capacitances of the relevant
network elements and the unknown resistance of the
part of the electrical circuit through which the ground
fault current flows.

Kré 10(20)/0,4 kV substation

The Kr¢ 10(20)/0,4 kV substation, 630 kVA installed
capacity, is supplied by a 10(20) kV cable line from the
Klis 35/10(20) kV substation. The calbe line has three
20 kV cables, Type XHE 49-A, 1x150 mm?, in trefoil
formation. The ground fault current value at the 10 kV
voltage level of the Kr¢ 10(20)/0,4 kV substation cal-
culated using the model according to Equation (3) is:

(24)

The measured value of this current is given in Table 2
for dry (2006-09-07) and wet
(2006-09-26) karstic terrain.

LW
88,6
87,5

Neutral conductor voltage of a low-voltage
aerial feeder

The low-voltage supply network from the Bracevici 4
10(20)/0,4 kV pole substation was selected because it
is topologically simple and supplies a small number
of customers. The Braceviéi 4 10(20)/0,4 kV pole sub-
station was built during the 1990s. It is supplied by a
10(20) kV aerial line from the Muc¢ 10(20) kV substa-
tion. Its 0,4 kV network consists of three aerial feed-
ers (bundled cables) on wood and concrete poles, via
which small villages are supplied with electricity.

Since the distribution network analyzed is located on
karstic terrain, where the specific soil resistivity sig-
nificantly depends upon the weather (precipitation),
grounding resistance was measured during a wet
period (2006-05-19) and a dry period (2006-07-04).
In Figure 7, the analyzed low-voltage network sup-
plied by the Braceviéi 4 10(20)/0,4 kV pole substation
is presented.
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Slika 7 — Mreza niskog napona napajana iz stupne TS 10(20)/0,4 kV Braceviéi 4

Figure 7

Prije pocetka mjerenja na realnoj mreZi naprav-
ljene su opsezne pripreme. Snimljena je cijela
mreza niskog napona i izvrSena su premjera-
vanja svih relevantnih udaljenosti u mrezi.
lzvrSena su mjerenja otpora svih uzemljivaca

koji se nalaze u navedenoj mrezi (I, Il 11, IV, Vi
VI), osim uzemljivaca potrosaca.

Otpor uzemljivaca stupne TS 10(20)/0,4 kV

Bracevi¢i 4 (RU STS) za razlicite datume
mjerenja prikazan je u tablici 3.

Oznaka / Designation

Datum mijerenja / Date of measurement

QI/R,,.

RU STS

Bitno je napomenuti da su tijekom mjerenja
otpora uzemljivaCa stupne trafostanice nul-
vodiCi sva tri izvoda niskog napona odspojeni u
stupnoj trafostanici kako bi se eliminirao utje-
caj uzemljivaca izvedenih duZ trase voda niskog
napona. Pored ovih podataka, izmjerene su rel-
evantne udaljenosti po izvodima, takoder i ot-
por uzemljivaca stupova duZ trase voda niskog
napona (R, ). U tablici 4 prikazani su podaci
za prvi izvod niskog napona (izvod SJEVER).
Duljina raspona odnosi se na raspon koji pre-
thodi doticnom stupu, tako da je za prvi stup
duljina raspona udaljenost od STS do prvog
stupa. Takoder se vidi kod kojih stupova je nul-
vodi¢ uzemljen (stupovi br. 4 i 10), a kod kojih
nije (stupovi kod kojih nema upisanog podatka

Low-voltage network supplied from the Bracevi¢i 4 10(20)/0,4 kV pole substation

Extensive preparations were conducted prior to the
beginning of the measurement of the actual net-
work. Data on the entire low-voltage network were
taken and measurements were performed of all the
relevant distances in the network. Ground resistance
measurements of all the grounding electrodes in the
network (I, I, I, IV, V and VI) were performed, except
for the customer grounding electrodes.

Grounding resistance of the Bracevi¢i 4 10(20)/0,4 kV
pole substation (RG PS) for various dates of measure-
ment is shown in Table 3.

Tablica 3 - Izmjereni otpor uzemljivaca STS
Table 3 - Measured grounding resistance of the pole substation

Uzemljiva¢ | / Grounding electrode 1
2006-05-19 2006-07-04
30,5 71,5

It is important to note that during the measurement
of the grounding resistance of the pole substation,
the neutral conductors of all three low-voltage feed-
ers were disconnected in the pole substation in or-
der to eliminate the influence of the grounding elec-
trodes installed along the low-voltage line. In addition
to these data, the relevant distances for each feeder
were measured, as well as the grounding resistance
of the poles along the low-voltage line (R ). In Table
4, data are presented for the first low-voltage feeder
(NORTH feeder). The spacing length refers to the dis-
tance between a pole and the preceding pole, or in
the case of the first pole the distance from the pole
substation. It is also evident at which poles the neu-
tral conductor is grounded (poles No. 4 and 10), and
at which they are not (the poles for which there is no
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o otporu uzemljenja). U tablici 4 prikazani su
izmjereni podaci za izvod niskog napona SJEV-
ER.

Tablica 4 - Izvod niskog napona SJEVER
Table 4 - Low-voltage NORTH feeder

Broj stupa / Pole No.
Oznaka uzemljivaca /
Designation of grounding electrode

Duljina raspona / Spacing length

Datum mjerenja / 2006-05-19

Date of measurement

RU stupa /

2006-07-04 RG p(ﬂe [Q]

U tablici 5 prikazani su izmjereni podaci za dru-
gi izvod niskog napona (izvod ISTOK). Ovaj izvod
napaja samo jednu kucu na kraju izvoda i izvod
niskog napona izveden je na nacin daje SKSvod
postavljen na stupove DV 10(20) kV. Stupovi br.
3,81 15 su betonski s izvedenim uzemljivacima.
Nul-vodi¢ mrezZe niskog napona uzemljen je
samo kod potrosaca, tj. na stupnom mjestu br.
15. Otpori uzemljivaca stupova koji nisu spojeni
s nul-vodi¢em (stupovi br. 3 i 8) su podcrtani u

tablici b.

Tablica 5 - Izvod niskog napona ISTOK
Table 5 - Low-voltage EAST feeder

Broj stupa / Pole No.

Oznaka uzemljivaca /

Designation of grounding electrode
Duljina raspona /

Spacing length [m]

2006-05-19
2006-07-04

Datum mjerenja /
Date of measure-ment

RU stupa /
RG pole [Q]

lzmjereni podaci za treci izvod prikazani su u
tablici 6. Iz navedenih podataka vidi se da se
kod prvog stupa taj izvod dijeli na dva podizvoda
koji napajaju dvije grupe potrosaca.

Tablica 6 - Izvod niskog napona JUG
Table 6 - Low-voltage SOUTH feeder

Broj stupa / Pole No.

42 139" "4 (1381 FAGR F321 (F46 R298 R4S 839

data entered on the grounding resistance). In Table
4, measured data are presented for the low-voltage
NORTH feeder.

o | e | Y| 4 ) 3 | 34 | I | S8 | |
63 34
170 50

In Table 5, the measured data are presented from the
second low-voltage feeder (EAST feeder). This feeder
supplies only one house at the end of the feeder and
the low-voltage feeder is installed in such a manner
that the bundled cable line is supported by poles of
the 10(20) kV distribution line. Poles No. 3, 8 and 15
are concrete and installed with grounding electrodes.
The neutral conductor of the low-voltage network is
grounded only in the customer’s installation, i.e. at
pole site No. 15. The grounding resistances of the
poles that are not connected to the neutral conductor
(Poles No. 3 and 8) are underlined in Table 5.

T2zl s a4l e [ 789 | le)nfiz) i) is

40 38 38 40 38

o~
el
B~
o~
13
&I

The data measured for the third feeder are presented
in Table 6. From these data, it is evident that for the
first pole the feeder is divided into two subfeeders
which supply two groups of customers.

Oznaka uzemljiva¢a / Designation of grounding electrode Vi
Duljina raspona / Spacing length [m] 30 22 30 25 10 25 10 16 25
Datum mjerenja / 2006-05-19 16 20
Date of measurement [Q]  2006-07-04 fl s FE oz 23 49

Analizirajudi prethodne tablice uocava se da se

vrijednosti otpora uzemljivaca znatno razlikuju

When analyzing the previous tables, it is evident that
the values of the grounding resistance differ signifi-
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i da ovise o meteoroloskim prilikama (vlaZzano
ili suho razdoblje). S aspekta napona nul-
vodi¢a nepovoljnija je situacija kada su otpori
uzemljivaca visi.

U skladu s tim, kod proracuna napona ¢vorisnih

toCaka na nul-vodi¢u stvarne mreze niskog

napona priklju¢ene na stupnu TS 10(20)/0,4

kV Bracevici 4 uzeti su podaci od 2006-07-04.

Analiza je provedena za sljedece slucajeve:

— sviuzemljivaci od I do VI su spojeni na nul-
vodic,

— odspo

— odspo

— odspojeni uzemljivaci Il i lll,

— odspojeni uzemljivaci Il, H'i VI,

— odspojen uzemljivac VI,

— spojen samo uzemljivac STS (I),
odspojeni.

ivac I,

ivac Il

en uzeml
jen uzeml

ostali

IzraCunati iznosi napona nul-vodi¢a na mjes-
timal, I, I, IV, Vi VI dani su u tablici 7.

Stanje mreZe niskog napona / I,
State of the low-voltage network (Al
Spojeni svi uzemljivaci mreze niskog napona

/ All grounding electrodes of the low-voltage 4,46
network are connected

Odspojen uzemljiva Il / hhb
Grounding electrode Il is disconnected '
Odspojen uzemljivac Il / bbb
Grounding electrode lll is disconnectec

Odspojeni uzemljivaci Il i 1l /

Grounding electrodes Il and Il are discon 4,46
nected

Odspojeni uzemljivadi Il, 11 VI /

Grounding electrodes I, Ill and VI are discon- 446
nected

Odspojen uzemljiva& VI / hhb
Grounding electrode VI is disconnected '
Spojen samo uzemljivac STS (oznaka I), ostali
uzemljivaci Il, Il IV, Vi VI odspojeni /

Only the grounding electrode of the pole sub- Ldb
station (Designation I) is connected. The other '

groundi trodes Il, Ill, IVV and VI are

disconne

Zbog minimiziranja troskova mijerenja, vodeci
racuna pritomda seizmjerenevrijednosti mogu
usporediti s izraCunatim, mjerenje prije analiz-
iranih napona nul-vodi¢a izvrSeno je jednim
instrumentom M| 2292 METREL koji ima Sest
kanala, tri za mjerenje struje i tri za mjerenje
napona. U ovom slucaju koristena su tri ka-

cantly and that they depend upon the meteorological
conditions (wet or dry period). From the aspect of the
neutral conductor voltage, the situation is unfavor-
able when the grounding resistance is higher.

Therefore, in the calculation of the voltage of the
node points on the neutral conductor of the actual
low-voltage network connected to the Bracevici 4
10(20)/0,4 kV pole substation, data from 2006-07-04
are used. Analysis was performed for the following
cases:

— all grounding electrodes from I to VI are connect-
ed to the neutral conductor,

— disconnected grounding electrode I,

— disconnected grounding electrode Ill,

— disconnected grounding electrodes Il and lIl,

— disconnected grounding electrodes II, Il and VI,

— disconnected grounding electrode VI,

— only the grounding electrode of the pole substation
(I) is connected, the others are disconnected.

The calculated values for the neutral conductor volt-
age at points I, II, Ill, IV, V and VI are presented in
Table 7.

Tablica 3 - Izmjereni otpor uzemljivaca STS
Table 3 - Measured grounding resistance of the pole substation

l/I I/II VIII l/IV VV VVI
\Y| \| v I\ WY I\
35,58 39,911 35,43 39,95 35,48 35,52
37,32 37,28 37,19 37,29 37,22 37,27
42,29 42,27 42,27 42,28 42,17 42,22
44,75 44,75 44,75 44,75 44,63 44,69
56,29 56,29 56,29 56,29 56,15 56,25
42,48 42,40 42,30 42,47 42,37 42,44
3112 3112 311.2 311.2 311,2 3112

In order to minimize measuring costs, taking into
account that the measured values can be compared
with the calculated values, measurement of the pre-
viously analyzed neutral conductor voltages was per-
formed using an MI 2292 METREL instrument, which
has six channels, three for measuring current and
three for measuring voltage. In this case, the three
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nala za mjerenje napona na prije spomenutim
mjestima, a jedan kanal za mjerenje struje
zemljospoja. Rezultati ovih mjerenja dani su u
tablici 8.

channels for measuring voltage were used at the
aforementioned points, and one channel was used
for measuring ground fault current. The results of
these measurements are presented in Table 8.

Tablica 8 - Izmjereni iznosi napona nul-vodica i struje zemljospoja u mreZi niskog napona
Table 8 - Measured neutral conductor voltage and ground fault current values in the low-voltage network

Stanje mreZe niskog napona / I,
State of the low-voltage network (Al
Spojeni svi uzemljivaéi mreZe niskog napona /

All the grounding electrodes of the low-voltage 3.4
network are con

Odspojen uzemljiva¢ Il / 14
Grounding electrode Il is disconnected !
Odspojen uzemljivac Il /

s 3.4
Grounding electrode Il is disconnected

Odspojeni uzemljivadi Il i Il /

Grounding electrodes Il and Ill are discon- 33
nected

Odspojeni uzemljivadi I, 117 VI /

Grounding electrodes Il, lll and VI are discon- 33
nected

Odspojen uzemljivac VI / 13
Grounding electrode VI is disconnected !
Spojen samo uzemljiva¢ STS (oznaka 1), ostali
uzemljivaci I, Il IV, Vi VI odspojeni /

Only the grounding electrode of the pole sub- 32
station (C nation I) is connected. The other '
grounding odes I, Ill, IVV and VI are

Najveca izracunata vrijednost napona na mod-
elu je 311,2 V, a najveca izmjerena vrijednost
u realnoj mrezi je 221,6 Vi javlja se u slucaju
kada su svi uzemljivaci duz nul-vodic¢a bili
odspojeni. Razlika se javlja zbog, kako je prije
re¢eno, nemogucnosti definiranja egzaktnog
modela, tj. to¢nog izracunavanja dozemnih ka-
paciteta relevantnih elemenata mreze i nepoz-
navanja otpora dijela elektri¢nog kruga kojim
tece struja zemljospoja. Ovaj iznos napona, koji
u najgorem slucaju moze biti napon dodira na
nekom mjestu u mreZi (AV ), moZe biti opasan
po Zivot i zastita od zemljospoja mora biti
podesena tako da se eliminira ova opasnost. Iz
svih predocenih rezultata zakljucuje se da je sa
stanoviSta sigurnosti povoljnije da je nul-vodic¢
uzemljen na Sto je god mogude vise mjesta,
narocito ako se radi o kraskom terenu.

Napon nul-vodica kabelskog voda

niskog napona

Posljednjih godina u gradovima se izvode
iskljucivo kabelske, a u selima uz zracne sve
viSe i kabelske mreze niskog napona. TS
10(20)/0,4 kV Kr¢ nalazi se u gospodarskoj zoni
Podi u Dugopolju. MreZa niskog napona tra-
fostanice trenutacno se sastoji od 4 kabelska
izvoda niskog napona kojima se napajaju gos-
podarski objekti u okolici trafostanice. Na slici
8 prikazana je jednopolna shema mreZe niskog

I/I l/II VIII I/IV VVI
I\ I\ WY Y| \Y| \Y|
25,1 250 29 250
258 256 25,7
265 26,4 263
2655 263

284
26,2 26,1 26,1
221,6

The highest calculated voltage value using the model
is311,2V, and the highest measured value in the ac-
tual network is 221,6 V, which occurred when all the
grounding electrodes along the neutral conductor
were disconnected. The difference occurs, as pre-
viously mentioned, due to the impossibility of defin-
ing an exact model, i.e. the precise calculation of the
ground capacities of the relevant network elements
and the unknown resistance of part of the electrical
circuit through which the ground fault current flows.
This voltage value, which in the worst case scenario
can be touch voltage at a point on the network (AV] ),
can be hazardous to life. Therefore, protection from
ground faults should be adjusted in order to elimi-
nate this danger. From all the results presented, it is
concluded that from the safety standpoint it is better
to ground the neutral conductor at as many points as
possible, especially in karstic terrain.

Neutral conductor voltage of low voltage

cable line

In recent years, exclusively low-voltage cable net-
works have been installed in cities, while in villages
there are, together with aerial networks, an increas-
ing number of low-voltage cable networks. The Krc
10(20)/0,4 kV substation is located in the Podi entre-
preneurial zone in Dugopolje. The low-voltage sub-
station network currently consists of 4 low-voltage
cable feeders that supply commercial facilities in the
surroundings of the substation. In Figure 8, a single-
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napona s duljinama pojedinih izvoda niskog na-
pona. Svi kabeli niskog napona su tipa XP 00,
4x150 mm?2,

KRO 2691

-85m-

line diagram of the low-voltage network is presented
with the lengths of individual low-voltage feeders. All
the low-voltage cables are Type XP 00, 4x150 mm?Z.

KRO 2658

KRO 2518

KRO 2517

TS/SS Krt

KRO 2519

KRO 2520 KRO 2590

|

=

L 5 =

-62m- -46m-

-28m- =44 m- -56m-

(KRO) - Kabelski razvodniomar/ Cable distribution box

Slika 8 — Mreza niskog napona napajana iz TS 10(20)/0,4 kV Kr¢

Figure 8

Mjerenje otpora uzemljivaca trafostanice Krc
izvedeno je uz odspojenu svu uzemljivacku uzad
poloZenu uz kabele niskog napona. Odspojeni
su bili i svi nul-vodi¢i mreze niskog napona.
Uzemljivacko uze uz dovodni kabelski vod
srednjeg napona 10(20) kV nije bilo odspojeno
od uzemljivaca trafostanice, jer su bili potrebni
znacajni gradevinski zahvati da bi se doSlo do
spojnog mjesta.

Radi toga je njegov utjecaj uzet u obzir kroz ot-
por uzemljivaca same trafostanice [11]:

Ry =10 Q.

Kabelski vod srednjeg napona sastoji se od
tri kabela 20 kV tipa XHE 49-A, 1x150 mm?,
polozena u trolist. Uz pretpostavku da je
specificni  elektricni  otpor zemlje jednak
1 000 Qm izracunata je struja koja tece kroz
uzemljivacki sustav trafostanice za vrijeme
zemljospoja [3] do [14]. Njen iznos je:

I,=28 A.

Kabelski razvodni ormari duz pojedinih izvoda
nisu uzemljeni.

ow-voltage network supplied from the Krc 10(20)/0,4 kV substation

The measurement of the grounding resistance of the
Kr¢ substation was performed when all the ground-
ing cables laid along the low-voltage cables were dis-
connected. All the neutral conductors of the low-volt-
age network were disconnected. The grounding cable
along the medium-voltage 10(20) kV feeder cable was
not disconnected from the grounding electrode of the
substation because a significant construction under-
taking would have been required to reach the con-
nection point.

Therefore, its influence was taken into account through
the grounding resistance of the substation [11]:

(24)

The medium-voltage cable line consists of three 20 kV
cables, Type XHE 49-A, 1x150 mm?, in trefoil forma-
tion. Assuming that the specific ground resistivity is
equal to 1 000 Qm, the current that flows through the
grounding system of the substation during a ground
fault is calculated [3] to [14]. Its value is:

(29)

The cable distribution boxes along individual feeders
are not grounded.

Filko, P., Rizik stradavanja radnika ..., Energija, god. 57(2008), br. 3., str. 312-327



Proracun napona nul-vodi¢a kabelske mreze
niskog napona proveden je u skladu s poglav-
jem 3.1.2. U tablici 9 prikazane su neke od
izraCunatih vrijednosti. Pri tom su zbog us-
poredbe rezultata odabrane vrijednosti onih
lokacija na kojima je izvrSeno mjerenije.

Calculation of the neutral conductor voltage of the
low-voltage cable network was conducted according
to Chapter 3.1.2. In Table 9, several of the calculated
values are presented. For the purpose of comparing
results, values have been selected from those loca-
tions where measurement was conducted.

Tablica 9 - IzraCunati iznosi napona nul-vodi¢a mreZe niskog napona
Table 9 - Calculated values for the neutral conductor voltage of the low-voltage network

Lokaciia / KRO/ KRO/ KRO /

Locat J TS/SSKre/ Cable distribution box Cable distribution box Cable distribution box
e 2520 2590 2518

Napon nul-vodica / v, V] v, V] Vi V] v,

Neutral conductor voltage 24,16 2414 2413 2414

Mjerenje iznosa napona nul-vodi¢a u mreZi
niskog napona provedeno je na isti nacin kao
u prethodnom poglavlju, tj. instrumentom M|
2292 METREL. KoriStena su sva tri kanala za
mjerenje napona na prije spomenutim mjes-
tima. Rezultati ovih mjerenja prikazani su u
tablici 10.

Measurement of the value of the neutral conductor
voltage in the low-voltage network was conducted in
the same manner as in the previous chapter, i.e. using
the instrument Ml 2292 METREL. All three channels
were used for measuring the voltage at the aforemen-
tioned points. The results of these measurements are
presented in Table 10.

Tablica 10 - Izmjereni iznosi napona nul-vodi¢a mreZe niskog napona
Table 10 - Measured values for the neutral conductor voltage of the low-voltage network

Lokacija / Location

Napon nul-vodica /

Neutral conductor voltage a
Datum mijerenja / 2006-09-07 184
Date of measurement 2006-09-26 12,6

Usporedujuéi dobivene rezultate vidi se da su
mjerene vrijednosti nesto niZze od racunskih.
Razlog je izmedu ostalog i u dcinjenici da
mjerenje otpora uzemljivaca nije bilo istog
dana kada su bila mjerenja napona duz nul-
vodi¢a nmreZe niskog napona. Nadalje, nep-
osredno pred mijerenje dana 2006-09-26 pala
je obilna kisa koja je utjecala na smanjenje
specificnog otpora tla, a time i na izmjerene
napone cvorova.

ZAKLJUCAK

Uzemljivacki sustav mreze niskog napona
direktno je povezan s uzemljivackim sustavom
trafostanice iz koje se napaja mreza niskog
napona. Sa stanovista sigurnosti ljudi najveca
opasnost od napona dodira, u slucaju zeml-
jospoja u mreZi srednjeg napona s izoliranim
zvjezdistem, javlja se kod zemljospoja u pojnoj
trafostanici SN/NN, jer je u tom slucaju najvisi

TS/SSKre/

KRO / KRO/ KRO/
Cable distribution Cable distribution  Cable distribution
box 2520 box 2590 box 2518
A V) v
17,9 17,7 18,3
12,2 12,0 12,6

In comparing the results obtained, it is evident that the
measured values are somewhat lower than the calcu-
lated values. One of the reasons is that measurement
of the grounding resistance was not conducted on the
same day as when the voltage was measured along
the neutral conductor of the low-voltage network.
Furthermore, immediately prior to measurement,
on 2006-09-26 there was abundant rainfall which re-
duced the specific soil resistivity and thereby affected
measured node voltages.

CONCLUSION

The grounding system of a low-voltage network is
directly connected with the grounding system of the
substation from which the low-voltage network is
supplied. From the standpoint of human safety, the
greatest hazard is from touch voltage, in the case of
a ground fault in a medium-voltage network with an
isolated neutral point, which occurs during a ground
fault in a supply MV/LV substation, because in such
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potencijal na uzemljivacu trafostanice, koji se
direktno preko nul-vodica prenosi u instalacije
potrosaca.

Glavni elementi koji utje€u na veli¢inu prenese-
nog potencijala u mrezu niskog napona su:

— tip mreZe srednjeg napona (zracna, kabel-
ska),

— otpor uzemljivaca TS SN/NN, stupova
mreze niskog napona, KRO i KPO,

— izvedba mreZe niskog napona (zracna, ka-
belska).

Jedan od faktora koji utjeCe na iznos otpora

uzemljenja je i specifi¢ni elektricni otpor tla. U

slucajevima njegovih niskih vrijednosti lako je

posti¢i dovoljno nizak otpor uzemljivaca

TS SN/NN. Dok u slucaju njegovih visokih vri-

jednosti (kraski tereni) ni uz velika novcana ula-

ganja to nije uvijek lako ostvariti.

Kabelska mrezZa niskog napona u odnosu na
zracnu ima prednost Sto se uza sve kabele ni-
skog napona polaze uzemljivacko uZe (traka).
Zato je opasnost od pojave previsokih napona
dodira u realnoj kabelskoj mreZi minimalna.
Kod zraéne mreze niskog napona nul-vodic
se uzemljuje na vise mjesta, ¢ime se povoljno
djeluje na smanjenje iznosa napona nul-vodica
mreZe niskog napona.

U ovom radu su analizirane dvije distribucijske
mreze HEP ODS, DP Elektrodalmacija Split kod
kojih su mreze 10(20) kV u pogonu s izoliranim
zvjezdiStima. Za obje je zajednicko da se niji-
hove mreze 10 kV i 0,4 kV rasprostiru kraskim
terenom s vrlo visokim specifi¢nim elektri¢nim
otporom tla koji znatno ovisi o vremenskim
prilikama (padalinama). Stoga je mjerenje ot-
pora uzemljivaca vrseno u vlaznom i suhom
razdoblju. Paralelno s mjerenjima provedene
su analize na racunalnom modelu.

Provedena istrazivanja pokazala su da se
cjelokupan postupak odredivanja napona nul-
vodia voda niskog napona u slucaju zem-
ljospoja na razini srednjeg napona u pojnoj
TS SN/NN moZe izvesti sa zadovoljavaju¢om
to€noS¢u pomocu odgovaraju¢eg modela na
racunalu.

Naime, odstupanje racunskih rezultata od
provedenih mjerenja dokazuje da je racunski
model na strani sigurnosti. To omogucava ana-
liziranje najnepovoljnijih slucajeva koji se mogu
pojaviti u realnoj mrezi. Prezentirani rezultati
istrazivanja ukazuju na kontinuiranu potrebu
ovakvih analiza da bi se ostvarila pravilna

zastita kod zemljospoja.

cases the highest potential on the grounding electrode
of the substation is directly transferred via the neutral
conductor to the customers’ installations.

The main elements that influence the value of the
transferred potential in a low-voltage network are as
follows:

— the type of the medium-voltage network (aerial,
cable),

— the grounding resistance of the MV/LV substa-
tion, low-voltage network poles, cable distribu-
tion boxes and service entrance boxes,

— the type of the low-voltage network (aerial, ca-
ble).

One of the factors that affects the grounding resistance
value is specific soil resistivity. When this value is low,
it is easy to achieve sufficiently low grounding resis-
tance of an MV/LV substation, while when the value is
high (karstic terrain), this is not always easy to achieve,
even with considerable financial investment.

A low-voltage cable network has an advantage over an
aerial network in that a grounding cable (strip) is laid
along all the low-voltage cables. Therefore, the haz-
ard from excessive touch voltage occurring in an ac-
tual cable network is minimal. In a low-voltage aerial
network, the neutral conductor is grounded at several
points, which reduces the value of the neutral conduc-
tor voltage of a low-voltage network..

In this article, two distribution networks of the HEP
Distribution System Operator (HEP ODS), Distribu-
tion Region (DP) Elektrodalmacija Split are analyzed,
in which the 10(20) kV networks have isolated neutral
points. For both, their 10 kV and 0.4 kV networks ex-
tend through karstic terrain with high specific soil re-
sistivity, which significantly depends upon the weather
conditions (precipitation). Therefore, measurement of
grounding resistance was performed during wet and
dry periods. Parallel to the measurements, analyses
were performed using a computer model.

These investigations have demonstrated that the en-
tire procedure for the determination of the neutral
conductor voltage of a low-voltage line in the case of a
ground fault at the medium-voltage level in an MV/LV
supply substation can be conducted with satisfactory
precision using an appropriate computer model.

The differences between the calculated results and
the measured results demonstrate that the computer
model provides a higher margin of safety. This makes
it possible to analyze the worst case scenarios that
can occur in an actual network. The investigation re-
sults presented indicate that such analyses should be
constantly conducted in order to achieve suitable pro-
tection from ground faults.
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SMANJENJE UDARNIH
STRUJA UKLOPA
TROFAZNOG ENERGETSKOG
TRANSFORMATORA
REDUCTION OF THE INRUSH
CURRENTS OF THREE-PHASE
POWER TRANSFORMERS

Goran Petrovi¢ - Tomislav Kili¢ - Ozren Bego, Split, Hrvatska

Udarne struje koje se javljaju prilikom uklopa energetskog transformatora
mogu dosedi vrlo velike iznose te uzrokovati mnogobrojne probleme

u elektroenergetskom sustavu. Za istrazivanje ove pojave razvijen je
matematicki model transformatora s urac¢unatim efektima zasicenja,
histereze i zaostalog magnetskog toka, a opisan je i algoritam za odredivanje
povoljnog trenutka uklopa s ciljem smanjenja udarnih struja. Za metodu
mjerenja zaostalog magnetskog toka, predlozena je integracija napona
sekundara pri prethodnom isklopu. Realizirana je laboratorijska maketa
sustava za upravljani uklop trofaznog transformatora na kojoj su mjerenjem
potvrdeni rezultati simulacija.

Inrush currents that occur during the energization of a three-phase power
transformer can reach very high values and cause many problems in an
power system. A mathematical model of a transformer has been devel-
oped for the investigation of this problem, taking into account the effects of
saturation, hysteresis and remanent magnetic flux. An algorithm has been
described for the determination of the optimal instant of energization, with
the goal of reducing inrush currents. As a method for measuring remanent
magnetic flux, integration of the secondary voltage during the previous de-
energization is proposed. A circuit model has been prepared of a system for
the controlled energization of a three-phase transformer in which the simu-
lation results are confirmed by measurement.

Kljucne rijeci: petlja histereze, remanentni magnetizam, struje uklopa,
transformator

Key words: hysteresis loop, inrush current, remanent magnetism,
transformer
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Neupravljani uklop transformatora pracen je
velikom nesimetrijom tokova u Zeljeznoj jezgri.
Kao posljedica takvih nesimetri¢nih tokova jav-
ljaju se velika izoblicenja valnog oblika struje
magnetiziranja, vrlo velike udarne struje uklo-
pa, te vrlo velike istosmjerne komponente struje
(111 [2]. Problemi uzrokovani udarnim strujama
uklopa mogu izazvati kvarove ili pogresan rad
osiguraca, zastitnih releja ili drugih vrsta zastita
u elektroenergetskom sustavu. Udarne struje
uklopa mogu izazvati i mehanicka oStecenja.
Maksimalni iznos udarne struje uklopa moze
dosedi i deseterostruki iznos nazivne struje
transformatora, a moguca je pojava struja uklo-
pa iznosa 90 % struje kratkog spoja [3]. Ovi naj-
gori slu¢ajevi mogu se ocekivati u otprilike 10 %
uklopa. Kao posljedica izobli¢enja valnog oblika
napona tjekom prijelazne pojave mogu nastati
oStecenja na osjetljivim trosilima spojenim na
mrezu.Konacno, sve navedeno pridonosi bitnom
smanjenju kakvoce elektri¢ne energije u mreZi.

Navedeni problemi pri uklopu transformatora
mogu se izbjeci upravljanim uklopom. U ovom
radu obradena je metoda odredivanja optimal-
nog trenutka uklopa na osnovi trenutac¢nog na-
pona mreze odnosno njegove faze i zaostalog
magnetskog toka iz prethodnog isklopa. U svr-
hu istrazivanja optimalnog trenutka uklopa na-
pravijen je matematicki model transformatora
s uracunatim efektom zaostalog magnetizma.
Takoder je izradena i laboratorijska maketa na
kojoj su mjerenjem potvrdeni rezultati simula-
cija.

POJAVA UDARNIH STRUJA

Magnetski tok u jezgri transformatora razmje-
ran je integralu napona napajanja, Sto znaci da
za njim zaostaje za 90°. Ako se transformator
uklopi u trenutku prolaska napona kroz nulu
onda je maksimalni magnetski tok dvostruko
vedi od nazivnog, a tome se pridoda i zaostali
magnetski tok. Amplituda toka uvijek je ista, ali
tok posjeduje istosmjernu komponentu Cije tra-
janje ovisi o radnom i induktivnom otporu kruga
[4]. Na slici 1 prikazana je ovisnost elektri¢nih
i magnetskih veli¢ina u nelinearnom magnet-
skom krugu i nacelni prikaz formiranja unutar-
nje putanje magnetiziranja (oznaceno crvenom
bojom). Maksimalni tok oznacen je to¢kom 1.
Kako se u toj tocki mijenja derivacija magnet-
skog toka, ta tocka pripada vrhu odgovarajuce
putanje magnetiziranja, a odgovarajuca struja
magnetiziranja oznacena je tockom 1. Kao po-
sljedica ekstremnog zasic¢enja, omjer udarne
struje uklopa i nazivne struje magnetiziranja

INTRODUCTION

Random power transformer energization is accom-
panied by high asymmetry of the flux in the iron core.
Due to such flux asymmetry, significant distortion of
the magnetizing current waveform, very high inrush
currents and a very high DC component of the inrush
currents occur [1] and [2]. Problems caused by inr-
ush currents can result in unnecessary failures or
the blowing of fuses, tripping of protective relays and
other types of protective devices in an power system.
Inrush currents can also cause mechanical damage.
Maximum inrush currents can reach ten times the
amount of the rated current of a transformer as well
as 90 % of the short-circuit current [3]. These worst-
case scenarios can be anticipated approximately 10
% of the time. As a consequence of the distortion of
the voltage waveform, damage may occur during
the transient state to the sensitive loads connected
to the network. Finally, all the aforementioned con-
tributes to a significant reduction in the quality of the
electricity in the network.

Such problems during the energization of a tran-
sformer can be avoided by controlled energization.
In this article, a method is discussed for determining
the optimal instant of energization (switching on) ba-
sed upon the instantaneous network voltage, i.e. its
phases, and the remanent magnetic flux from the
previous de-energization. For the investigation of the
optimal instant of energization, a mathematical mo-
del of a transformer was derived, incorporating the
calculated effect of remanent magnetism. Further-
more, a circuit model was developed for confirming
simulation results by measurement.

THE PHENOMENON OF IN-
RUSH CURRENTS

Magnetic flux in the transformer core is proportional
to the integral of the supply voltage, which means
that it lags 90° behind the voltage. If the transfor-
mer is energized at the instant when the voltage
goes through zero, the maximum magnetic flux is
two times that of the rated magnetic flux, to which
the remanent magnetic flux is also added. The am-
plitude of the flux is always the same but the flux
has a dc component, the duration of which depends
on the active and inductive circuit resistance [4]. In
Figure 1, the relation between the electric and ma-
gnetic parameters in a nonlinear magnetic circuit is
presented as well as the principle of the formation
of internal minor magnetization trajectories (indica-
ted in red). The maximum flux is indicated by Point
1. Since the derivation of the magnetic flux changes
at Point 1, it corresponds to the peak of the corres-
ponding magnetization trajectory and the corres-
ponding magnetizing current is indicated by Point 1".
As a consequence of extreme saturation, the ratio
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vedi je nekoliko puta od omjera udarnog toka pri
uklopu i nazivnog magnetskog toka.

of the peak inrush current and the rated magneti-
zing current is several times greater than the ratio of
the peak flux at the instant of energization and rated
magnetic flux.

Slika 1 — Prikaz zavisnosti elektricnih i magnetskih veliina u nelinearnom magnetskom krugu i nacelni prikaz formiranja unutarnje
putanje magnetiziranja

Figure 1 — The relation between the electric and magnetic values in a non

nagnetic circuit and the principle of the formation of

minor magnetization trajectories

Na istoj slici ilustrirano je nekoliko ciklusa unu-
tarnje putanje magnetiziranja. Ako je zaostali
magnetizam iznosa B, putanja magnetiziranja
krece iz tocke 0 s pripadaju¢im koordinatama,
H=0, B =B, Kako je prirast magnetske induk-
cije pozitivan, putanja magnetiziranja formira se
priblizavanjem uzlaznoj grani petlje histereze
potpunog zasicenja. Prije dosezanja grane pot-
punog zasicenja, tj. tocke S, promijeni se pred-
znak prirasta magnetske indukcije (tocka 1), pa
i putanja magnetiziranja promijeni smjer. Sada
se putanja pocinje formirati priblizavanjem si-
laznoj grani petlje histereze potpunog zasice-
nja. Primjenom opisanog algoritma dolazi se u
tocku 2 u kojoj se ponovo mijenja predznak pri-
rasta magnetske indukcije kao i smjer putanje
magnetiziranja.

Ovaj proces se nastavlja te se konacno, zavr-
Setkom prijelazne pojave, formira trajna puta-
nja magnetiziranja odnosno petlja histereza za
nazivni magnetski tok. Ta petlja nalazi se unutar
petlje potpunog zasiéenja i simetri¢na je s obzi-
rom na ishodiste koordinatnog sustava.

MATEMATICKI MODEL UK-
LOPA TROFAZNOG TRANS-
FORMATORA

Matemati¢ki model trofaznog transformatora
izveden je za najcesce koristeni tip transforma-
tora, trostupni (europski) model kojem su pri-

In the same figure, several cycles of the minor ma-
gnetization trajectories are illustrated. If the rema-
nent magnetism is B, the magnetization trajectory
starts from Point 0 with the corresponding coordina-
tes, H=0, B =B,. Since the increment in the magne-
tic induction is positive, the magnetization trajectory
is formed by approaching the upward trajectory of
the fully saturated hysteresis loop, reaching com-
plete saturation, i.e. Point S. The sign of the magne-
tic induction increment (Point 1) changes, so that the
magnetization trajectory changes direction. Now the
trajectory starts to be formed by approaching the
downward trajectory of the fully saturated hysteresis
loop. Through the application of the described algo-
rithm, Point 2 is reached in which the sign of the ma-
gnetic induction increment changes again, as well
as the direction of the magnetization trajectory.

This process continues and finally, after the transi-
ent phenomena have stopped, a magnetization cu-
rve or hysteresis loop at the rated magnetic flux is
obtained. This loop is located inside the fully satura-
ted loop and is symmetrical regarding the center of
the coordinate system.

MATHEMATICAL MODEL
OF THE ENERGIZATION OF A
THREE-PHASE TRANSFORMER

A mathematical model of a three-phase transformer
was developed for the most frequently used type of
transformer, the three-legged (European) model in
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marni namoti spojeni u zvijezdu s nul vodicem
(5] i [6]. Sekundar nije potrebno uzimati u obzir
jer se opisuje model transformatora u praznom
hodu, (otvoren sekundar), sto je najnepovoljniji
slucaj s gledista udarnih struja uklopa.

Naponske jednadzbe
Na slici 2 prikazana je pojednostavljena shema
trostupnog trofaznog transformatora s primar-
nim namotima spojenim u zvijezdu s nul vodi-
cem.

which the primary windings are star connected. The
star point is conducted to a neutral conductor [5] and
[6]. It is not necessary to take the secondary winding
into consideration because the transformer model
described operates under no load (open secondary),
which is the worst-case scenario from the viewpoint
of inrush currents.

Voltage equations
In Figure 2, a simplified diagram is presented of a
three-legged three-phase transformer whose pri-
mary windings are star connected.

L, ot L, il L;
b i bTa e R R

il SR 4 4"02‘5(5: Lo, gpc;i 1l S b|U;
I i L |
: P2 :

s P b S —— i

Slika 2 — Pojednostavljena shema trofaznog transformatora u praznom hodu

Figure 2 — A simplified diagram of a thr

JednadZbe elektricnog kruga za navedeni tran-
sformator su:

t

u, = Ri +N—d(¢‘d+ 91) _ i +N%+L
u, = Ri, + z\/—‘i(‘”z;‘”<f2 )_ ki, + N—dd"? L

wy = Ri,+ N3O 0) gy Aoy
dt d

gdje je:

N — broj zavoja primarnog namota,
R — djelatni otpor primarnog namota,
L — rasipna reaktancija primarnog namota.

Vektori u, i, ¢ predstavljaju napon, struju i ma-
gnetski tok.

Svakom stupu magnetske jezgre odgovara je-
dan tok, ¢,, ¢,, ¢,. Suma tokova daje tok ¢, koji
se zatvara kroz zrak. Magnetski krug trofaznog
trostupnog transformatora moze se prikazati
nadomjesnom shemom, slika 3.

)

i?’;]hil":\? transforme operating unaer no load

The electric circuit equations for the transformer are
as follows:

di,
“dr
di,
“dr
di,
“dr

where:

N — the number of turns of the primary winding,
R — the active resistance of the primary winding,
L, — the leakage reactance of the primary winding.

Vectors u, i, and ¢ represent voltage, current and
magnetic flux.

Each flux corresponds to a leg of the magnetic core,
9., 0, 0,. The sum of the fluxes yields the flux ¢, whi-
ch is closed through the air. The magnetic circuit of
the three-legged three-phase transformer can be
represented by an equivalent diagram, Figure 3.
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Slika 3 — Nadomjesna shema magnetskog kruga trofaznog transformatora

Figure 3 — Equivalent diagram of the mag

Neka je presjek magnetske jezgre S konstantan.
Duljine /,, L, [, su srednje duljine magnetskog
puta odgovarajuceg stupa. Na temelju nado-
mjesne sheme prikazane na slici 3, mogu se
postaviti jednadzbe magnetskih krugova trofa-
znog trostupnog transformatora. Uz usvojene
oznake:

0, = Ni, (01le
0, = Ni, ¢2Rmz
0, = Ni, ;R
jednadzbe magnetskih krugova su:
—H|/ =¢R
N H Z ¢0 m0
Ni; —H [, =9,R

Py =0+, + ¢,

Zbog nelinearne ovisnosti izmedu magnetskog
polja i magnetskog toka, odnosno magnetske
indukcije rjeSavanje sustava jednadzbi (1) i (3)
moguce je samo numeri¢kim postupcima. Po-
znavajudi iznos i tendenciju magnetskog toka
(j—'f>0 ili ‘l—”’<0) odnosno magnetske indukcije
moze se za svaki pojedini trenutak, pomocu kri-
vulje histereze, odrediti iznos magnetskog po-
lja H, a time i iznos faznih struja promatranog
trofaznog transformatora. Zbog jednostavnijeg
modeliranja pogodno je petlju histereze apok-
simirati pomocu dva polinoma, koji predstavlja-
ju uzlazni i silazni dio petlje. Dio petlje pri kojoj
magnetsko polje raste je uzlazni dio, a silazni
dio je onaj pri kojem magnetsko polje pada.

Petrovi¢, G., Kili¢, T., Bego, 0., Smanjenje udarnih struja ...,

netic circuit of a three-phase transformer

Let the cross-section of the magnetic core S be con-
stant. The lengths /, L, [, are the mean lengths of
the magnetic path of the correspondmg leg. On the
basis of the equivalent diagram presented in Figure
3, itis possible to write the equations of the magne-
tic circuits of the three-phase three-legged transfor-
mer. With the following symbols,

:Hlll
:Hzlz
:H3l3

the magnetic circuit equations are as follows:

Due to the nonlinear relation between the magnetic
field and magnetic flux, i.e. magnetic induction, the
solution of the system of equations (1) and (3) is only
possible by numerical procedures. Knovvmgtheamo—
unt and tendency of the magnetic flux(cl >00r ‘;“’<0)
i.e. the magnetic induction for each individual in-
stant, it is possible to determine the value of the ma-
gnetic field H using the hysteresis curve and thereby
the values of the phase currents of the three-phase
transformer. For simplified modeling, it is useful to
approximate the hysteresis loop using two polyno-
mials, which represent the upward and downward
parts of the loop. The part of the loop at which the
magnetic field increases is the upward part and the
downward part is where the magnetic field decre-
ases.
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Modeliranje unutarnjih putanja magne-
tiziranja
Prilikom uklopa elektri¢nih krugova s neline-
arnom magnetskom karakteristikom, dakle pri
prijelaznoj pojavi, mora se poznavati hodograf
[7], odnosno unutarnja putanja magnetiziranja.

U opisanom modelu pretpostavljeno je da se
formiranje unutarnje putanje magnetiziranja
odvija priblizavanjem odgovaraju¢em vanjskom
dijelu histereze po kvadratnoj funkciji. Kako
iz jedne toCke putanje dodi u drugu tocku, uz
pomo¢ odgovarajuéeg dijela petlje histereze
potpunog zasicenja, opisuje sljedeci algoritam,
a ilustriran je na slici 4. Funkcija AH = f (B)
, kvadratna je funkcija, a njeno tjeme nalazi se
u tocki S(Bg, Hy), gdje se spajaju grane petlje
histereze potpunog zasicenja. Pretpostavimo
da znamo koordinate tocke T (B ,H,), i neka se
tocka S,(B,, H,) nalazi na odgovarajucem dijelu
petlje potpunog zasic¢enja. Vrijednost funkcije
AH |, koja predstavlja udaljenost izmedu tocke
T,itocke S, je:

AH, za(Bl_BS)Z

Vrijednost iste kvadratne funkcije po kojoj se vrsi
priblizavanje odgovarajucem dijelu petlje histe-
reze potpunog zasicenja u tocki B, = B, +AB,
bit Ce:

AH, Za(Bz_Bs)z.

Dakle nova vrijednost funkcije na mjestu B, bit
ce:

(Bz _Bs)2 -

AH, =AH, -——>Z =
’ 1(Bl_Bs)z

pa nova vrijednost magnetskog polja na mjestu
B,, iznosi H,= H,— AH,,

Modeling of minor magnetization trajecto-
ries
During the energization of electric circuits with non-
linear magnetic characteristics, i.e. during transient
phenomena, it is necessary to know the hodograph
[7] or the minor magnetization trajectories.

In the described model, it is assumed that the minor
magnetization trajectories are formed by approac-
hing the corresponding part of the outer hysteresis
according to the square function. The following al-
gorithm describes how to come from one trajectory
point to another, using the corresponding part of the
fully saturated hysteresis loop, and is illustrated in
Figure 4. The function AH = f(B) is a square fun-
ction and its peak is at Point S(B, H), where the
branches of the fully saturated hysteresis loop meet.
We assume that we know the coordinates of Point
T,(B,H)), and let Point S,(B,,Hy,) be located on the
corresponding part of the fully saturated loop. The
value of function AH |, which represents the distance
between Points T .S, is

The value of the same square function, according to
which the approach to the corresponding part of the
fully saturated hysteresis loop is performed at Point
B, =B, +AB, will be as follows:

Thus, the new value of the function at Point B, will
be

(Bl+AB_Bs)2
e I (6)
(Bl_Bs)z

and the new value of the magnetic field at Point B,
willbe H,= H,— AH,..
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Slika 4 — Shematski prikaz algoritma za odredivanje unutarnjih putanja
Figure 4 — Diagram of the algorithm for determining the minor trajectories

Na opisani nacin unutarnja putanja se priblizava
odgovarajucoj krivulji potpunog zasiéenja, ali je
nikada ne dosegne, jer se promijeni predznak
prirasta magnetske indukcije. U tom trenut-
ku referentna krivulja postaje silazna krivulja,
a postupak se odvija analogno u suprotnom
smijeru. Dakle da bi se opisani algoritam mogao
primijeniti potrebno je poznavati petlju histereze
potpunog zasicenja.

U stacionarnom stanju vezu izmedu magnet-
skog polja H(f) i magnetske indukcije B(¢) opi-
suje jedinstvena petlja histereza koja pripada
to¢no odredenom naponu napajanja. Za proma-
trani transformator, moguce ju je odrediti mje-
redi struju magnetiziranja i(¢) i inducirani napon
na sekundaru u,(f). Uz poznati broj zavoja na
primaru N, i srednju duljinu/_magnetskog puta
moze se izracunati magnetsko polje:

H="1

Sr

Uz poznati broj zavoja sekundara N, i povrsinu
presjeka magnetskog puta S, moze se izracu-
nati magnetska indukcija:

1 t
NZSqu(t)dt+BO

0

B(t)=

Grafickim prikazom magnetske indukcije B(f) u
ovisnosti o magnetskom polju H{(?) dobije se ho-
dograf koji predstavlja petlju histereze. Na slici
5 prikazano je nekoliko petlji histereze, svaka za
razliCiti iznos struje magnetiziranja.

In the manner described, the minor trajectory
approaches the corresponding curve of full saturati-
on but never reaches it because the increment sign
of the magnetic induction changes. At this instant,
the reference curve becomes a downward curve and
the procedure takes place analogously in the oppo-
site direction. Thus, in order to apply the described
algorithm, it is necessary to know the fully saturated
hysteresis loop.

In the stationary state, the relation between the
magnetic field H(f) and the magnetic inductance
B(?) is described by a single hysteresis loop, which
belongs to a precisely specified supply voltage. For
the transformer under consideration, it is possible
to determine this hysteresis loop by measuring the
magnetizing current i(f) and the induced voltage at
the secondary winding u,(f). When the number of
turns of the primary winding N, and the mean length
of the magnetic path [ are known, it is possible to
calculate the magnetic field:

When the number of turns of the secondary winding
N, and the area of the cross section of magnetic path
S are known, it is possible to calculate the magnetic
induction:

From the graphic representation of the magnetic in-
duction B(?) as a function of the magnetic field H(#), a
hodograph is obtained that represents the hysteresis
loop. In Figure 5, several hysteresis loops are presen-
ted, each for a different magnetizing current value.
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Slika 5 — Izmjerene petlje histereze pri razlicitim strujama magnetiziranja

Figure 5 — Measured hysteresis

Magnetski krugovi energetskih transforma-
tora projektirani su tako da im je radna tocka
blizu podrucja zasicenja, ali dovoljno daleko od
podruéja potpunog zasic¢enja. Da bi ispitivana
magnetska jezgra usla u podrucje zasiéenja
potrebna je relativno velika struja magnetizira-
nja. Povecavajuéi struju magnetiziranja, osim
pojacanog zagrijavanja, na krajevima namota
pojavljuju se poviSeni naponi koji prijete probo-
jem izolacije. Stoga metoda snimanja potpunog
zasic¢enja trajnom strujom nije prihvatljiva. Uko-
liko se snimanje petlje histereze vrsi pri uklopu
transformatora, na pocetku prijelazne pojave
koja je karakterizirana velikom udarnom stru-
jom, moci ¢e se u gruboj aproksimaciji smatrati
da je izmjerena petlja histereze potpunog zasi-
cenja.

Prilikom mjerenja mora se voditi racuna i o
efektu zaostalog magnetskog toka u transfor-
matorskoj jezgri. Posto se zaostali magnetski
tok u jezgri ne moZe pouzdano izmjeriti, najjed-
nostavnije rjeSenje je da on bude jednak nuli.
Ovaj uvjet osigurava se razmagnetiziranjem jez-
gre postupno smanjujuci struju magnetiziranja
na nulu. Osiguravsi da je zaostali tok jednak nuli
izvrsen je uklop transformatora u najnepovoljni-
jem trenutku, tako da se osigura velika udarna
struja uklopa, odnosno potpuno zasi¢enje. Na
slici 6 prikazan je graf na kojem se vidi puta-
nja magnetiziranja koja se formira na pocetku
prijelazne pojave (prikazana debljom crtom) te
trajna petlja histereze za nazivni napon (prika-
zana tanjom crtom).

Li]ﬁ);!b at various m

agnetizing currents

Magnetic circuits of power transformers are desi-
gned so that the operating point is near the saturation
area but sufficiently far from the full saturation area.
In order for the tested magnetic core to enter the area
of saturation, relatively high magnetizing current is
required. In addition to increased heating, increasing
the magnetizing current results in higher voltages at
the ends of the windings, which can result in insula-
tion breakdown. Therefore, a method to record full
saturation with continuous current is not acceptable.
If the recording of the hysteresis loop is performed
during the energization of the transformer at the be-
ginning of the transient phenomena characterized by
high inrush current, it is possible to assume that the
fully saturated hysteresis loop has been measured
approximately.

During measurement, it is also necessary to take the
effect of the remanent magnetic flux in the transfor-
mer core into account. Since the remanent magnetic
flux in the core cannot be measured reliably, the sim-
plest solution is for it to be equal to zero. This condi-
tion is fulfilled by demagnetization, gradually decrea-
sing the magnetizing current to zero. By insuring that
the remanent flux equals zero, the energization of the
transformer is performed at the most unfavorable
instant, thereby assuring a high inrush current, i.e.
full saturation. In Figure 6, a graph presents the ma-
gnetization trajectory formed at the beginning of the
transient phenomena (thick line) and the permanent
hysteresis loop at the rated voltage (thin line).
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Slika 6 — Izmjerena putanja magnetiziranja za jedan period nakon uklopa (deblja crta), petlja histereza za nazivnu struju
magnetiziranja (tanja crta)

Figure 6 — Measured magnetization trajectory fc

Putanja magnetiziranja formira se izmedu is-
hodista i dijela ekstremnog zasi¢enja. Naravno,
s vremenom se sve skupa pomice prema is-
hodistu te se na kraju prijelazne pojave dobiva
trajna putanja, odnosno petlja histereze koja
je simetricna. Moze se primijetiti da je razlika
izmedu najvise i najniZe tocke, u bilo kojem ci-
klusu, odnosno periodu ista, Sto je posljedica
toga da je izmjeni¢na komponenta magnetskog
toka konstantna. Pomak od centra prema za-
sicenju posljedica je istosmjerne komponente
magnetskog toka. Kako se tijekom prijelazne
pojave istosmjerna komponenta prigusuje
vremenskom konstantom ovisnom o radnom
otporu primarnog namota, tako se i putanja
magnetiziranja pozicionira oko ishodista. Osim
ove dvije komponente, na formiranje putanje
magnetiziranja u prijelaznoj pojavi, utjee i za-
ostali (remanentni) magnetizam. Struja kao po-
sljedica novonastalog toka, pocinje se formirati
iz nule. Iz navedenog slijedi da se pocetna tocka
putanje magnetiziranja opéenito nalazi na osi
magnetske indukcije i to unutar granica iznosa
remanentnog magnetizma.

Rezultati simulacije

Opisani matematicki model implementiran je
u programskom paketu Matlab koristeci sol-
ver ode 113, a testiran je za transformator Ciji
su podaci prikazani u tablici 1. Na osnovi naziv-
nih podataka, standardni parametri mogu se
dobiti dobro poznatim pokusima kratkog spoja
i praznog hoda, a postupak odredivanja petlje
potpunog zasi¢enja opisan je u prethodnom po-
glaviju.

one period after the start of energization (thick line), hysteresis loop for rated
urrent (thin line)

The magnetization trajectory is formed between the
center of the coordinate system and the region of
extreme saturation. Naturally, with time everything
shifts toward the center of the coordinate system and
a permanent loop or a symmetrical hysteresis loop
will be formed at the end of the transient phenome-
na. It can be noted that the difference between the
highest and the lowest points in any cycle or period is
the same, which is because the AC component of the
magnetic flux is constant. The shift from the center
toward saturation is a consequence of the dc compo-
nent of the magnetic flux. Since during the transient
phenomena the dc component is damped with a time
constant, which depends on the active resistance of
the primary winding, the magnetization trajectories
are positioned around the center of the coordinate
system. In addition to these two components, rema-
nent magnetism also affects the formation of the ma-
gnetization trajectories in transient phenomena. As a
consequence of the new flux, the current starts from
zero. Therefore, it follows that the starting point of
the magnetization trajectory is generally located on
the magnetic induction axis and within the limit of the
remanent magnetism value.

Simulation results
The mathematical model described has been imple-
mented using the Matlab software package with the
ODE 113 solver, and tested for the transformer for
which the data are presented in Table 1. On the ba-
sis of the rated values, the standard parameters can
be obtained using the well-known short-circuit and
no-load tests. The procedure for determining the fully
saturated loop was described in the previous chapter.
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Tablica 1 — Nazivni podaci i standardni parametri trofaznog transformatora
Table 1 — Rated values and standard parameters of the three-phase transformer

Nazivna snaga / Rated power

Nazivni napon / Rated voltage

Nazivna struja / Rated current

Broj zavoja primara / Number of turns of th

Broj zavoja sekundara / Number of turns of the se
Impedancija kratkog spoja / Short-circuit impedance

Napon kratkog spoja / Short-circuit voltage

Radni otpor primara pri 50 Hz / Active resistance of the primary winding at 50 Hz

Rasipni induktivitet primara / Leakage inductance
Ekvivalentna duljina magnetskog puta / Equivalent length of the magnetic path

Povréima presjeka magnetske jezgre / Cross-section area of the magnetic core

Opisani matemati¢ki model posluzio je pri
istrazivanju algoritma za odredivanje optimal-
nog trenutka uklopa s ciljem smanjenja udar-
nih struja uklopa. Na slici 7 prikazane su struje
uklopa trofaznog transformatora pri simulaciji
nepovoljno odabranog trenutka uklopa tran-
sformatora.

e primary wmdu*g

of the primary winding

P=1645VA
U, =380V
L=25A
N, =557
N, =162
7,-854Q
u,=9.74%
R=74Q

L,=3105mH

1,-0381m

§=2101cm2

ondary winding

The described mathematical model was used in the
investigation of the algorithm for the determination of
the optimal instant of energization, with the goal of
reducing the inrush currents. In Figure 7, the simu-
lated inrush currents of the three-phase transformer
during unfavorable energization are shown.
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Slika 7 — Struje transformatora pri nepovoljno odabranom trenutku uklopa

Figure 7 — Transforme

ODREDIVANJE ZAOSTA-
LOG MAGNETSKOG TOKA U
JEZGRI

Temeljni problem odredivanja optimalnog tre-
nutka uklopa je mjerenje zaostalog magnetskog
toka. Zaostali magneski tok je konstantan i ve-
oma ga je tesko mjeriti uobicajenim metodama
za mjerenje toka. Uobicajeni senzori magnet-
skog polja koji rade na nacelu Hallova efekta
ne ugraduju se u jezgru zbog tehnoloskih i eko-
nomskih razloga. Teoretski moguca mjerenja
tangencijalne komponente magnetskog polja
neposredno na povrsini Zeljezne jezgre nepouz-

inrush currents dU'\“\g unfavorable L“f\[i!g\@]‘,\i]f\

DETERMINATION OF THE
REMANENT MAGNETIC FLUX IN
THE CORE

The fundamental problem in determining the optimal
instant of energization is the measurement of the
remanent magnetic flux. Remanent magnetic flux is
constant and very difficult to measure using the custo-
mary methods for measuring flux. The usual magne-
tic field sensors that operate on the principle of the
Hall effect are not installed in the core due to techno-
logical and economic considerations. The theoretical
feasibility of measuring the tangential components
of a magnetic field directly on the surface of the iron
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dano je zbog znacajnih rasipnih tokova koji kvare
sliku polja. Zato je, za detekciju zaostalog toka,
prihvatljivo rjeSenje mjerenje napona sekunda-
ra prilikom isklopa [8]. U praznom hodu integral
sekundarnog napona upravo je proporcionalan
magnetskom toku u jezgri. Ako se zaostali tok
ne mijenja za vrijeme dok transformator nije
pod naponom, znaci da ce prilikom sljedeceg
uklopa biti poznat njegov iznos. Na slici 8 pri-
kazano je nekoliko izmjerenih karakteristicnih
stanja zaostalih magnetskih tokova prilikom
isklopa trofaznog transformatora.

core are unreliable due to significant flux leakage that
distorts the image of the field. Therefore, an accepta-
ble solution for the detection of remanent flux is the
measurement of the voltage at the secondary winding
during de-energization [8]. During no-load operation,
the integral of the secondary voltage is proportional
to the magnetic flux in the core. If the remanent flux
does not change during the time that the transformer
is not connected to the supply voltage, its amount
will be known at the time of the next energization. In
Figure 8, several measured characteristic states of
remanent magnetic fluxes are presented during the
de-energization of the three-phase transformer.
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Slika 8 — Nekoliko karakteristicnih izmjerenih magnetskih tokova prilikom isklapanja trofaznog transformatora

Figure 8 — Several characteristic measure

Kako se isklop ne moze ostvariti trenutacno,
struje isklopa donekle razgrade zaostali magne-
tizam. Kod vedine magnetskih materijala iznos
zaostalog magnetskog toka prilikom isklopa ne
prelazi 50 % maksimalnog magnetskog toka
koji vlada u stacionarnom stanju.

ODREDIVANJE OPTIMAL-
NOG TRENUTKA UKLOPA

U slucaju trenutacnog (idealnog) isklopa zao-
stali magnetski tok bio bi jednak magnetskom
toku u jezgri koji je vladao neposredno prije
isklopa. Tada bi optimalni trenutak uklopa bio
jednak cjelobrojnom visekratniku perioda na-
pona napajanja. U odnosu na prolaz kroz nulu
sinkronizacijskog signala, fazni kut idealnog
uklopa je jadnak faznom kutu prethodnog isklo-
pa. Drugim rijecima, optimalni trenutak uklopa
je kada se pretpostavljeni tok, koji bi u jezgri
vladao da je transformator uklopljen, izjednaci
sa zaostalim magnetskim tokom [9]. Optimalan

d magpnetic fluxes during the de-energization of the three-phase transformer

Since de-energization cannot be achieved instanta-
neously, de-energization currents somewhat decre-
ase the remanent magnetism. For the majority of
magnetic materials, the value of remanent magnetic
flux during de-energization does not exceed 50 % of
the maximum magnetic flux present in the stationary
state.

DETERMINATION OF THE
OPTIMAL INSTANT OF ENERGI-
ZATION

In the case of instantaneous (ideal) de-energization,
remanent magnetic flux would be equal to the ma-
gnetic flux in the core immediately prior to de-ener-
gization. The optimal instant of energization would
then be equal to the multiple integer of the supply
voltage period. The phase angle of the ideal instant
of energization referenced to the zero crossing of the
synchronizing signal is equal to the phase angle of the
previous de-energization. In other words, the optimal
instant of energization is when the assumed flux that
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trenutak uklopa ilustriran je na slici 9 za idealni
jednofazni slucaj.

Trenutak uklopa /
Q@

Zaostli tok /
Remanent flux

Instant of energizatior  Tok ujezgri /

would be present in the core if the transformer were
energized is equal to the remanent magnetic flux [9].
The optimal instant of energization is illustrated in Fi-
gure 9 for an ideal single-phase case.

MNapon / Vollage
Flux in the core

Pretpostaviieni tok /
Assumed fiux

Slika 9 — Idealni trenutak uklopa jednofaznog transformatora uz zaostali magnetski tok
Figure 9 — The ideal instant of the energization of a single-phase transformer with remanent magnetic flux

Kod trofaznog transformatora, u realnoj situa-
ciji, kada se prilikom isklopa dio zaostalog toka
razmagnetizira, prakti¢no ne postoji idealni tre-
nutak uklopa. Za rjeSenje vecine problema koji
se javljaju prilikom uklopa, dovoljno je udarnu
struju svesti na iznos manji od nazivne stru-
je transformatora. Ova Cinjenica nam dopusta
odabir trenutka koji nije strogo uvjetovan zahtje-
vom da buduéi magnetski tok mora biti jednak

zaostalom.

Cak i ako isklop nije nastupio u istorn trenutku, u
sve trifaze, zbog zajednic¢kih magnetskih puteva
za oCekivati je da suma zaostalih tokova bude
jednaka nuli. Uz ovu pretpostavku moguce je
odrediti trenutak u kojem ¢e bududi izmjenicni
tokovi nakon uklopa biti dovoljno blizu zaostalim
tokovima, Sto je na karakteristicnom primjeru
ilustrirano slikom 10.

For a three-phase transformer in an actual situation
when a part of the remanent flux is demagnetized du-
ring de-energization, there is practically no ideal in-
stant of energization. For the solution of the majority
of problems that occur during energization, it is suf-
ficient to reduce the inrush current to a value lower
than the rated current of the transformer. This fact
permits us to choose an instant that is not strictly de-
termined by the requirement that the future magnetic
flux must be equal to the remanent flux.

Even if switching off does not occur at the same instant
in all three phases, due to the common magnetic pa-
ths the sum of the remanent fluxes can be expected
to be equal to zero. According to this assumption, itis
possible to determine the instant when the future AC
fluxes after energization will be sufficiently close to
the remanent fluxes, as illustrated for a characteristic
example in Figure 10.

Slika 10 — Magnetski tokovi u jezgri trofaznog transformatora pri povoljno odabranom trenutku uklopa

Figure 10 — Magnetic fluxes in

the core of a three-phase transformer during optimal
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Za slucaj sa slike 10, najpovoljniji fazni kut uklo-
paje 180° u odnosu na magnetski tok trece faze.
Ako Je sinkronizacijski signal napon prve faze,
koji prethodi toku iste faze za 90°, proizlazi da je
najpovoljniji fazni kut uklopa 150° u odnosu na
sinkronizacijski signal. U realnom slucaju treba
uracunati i vrijeme odziva sklopnog aparata.

Analizom isklopa transformatora uoceno je Sest
karakteristicnih rasporeda, zaostalog magnet-
skog toka. Ako je zaostali magnetski tok u prvoj
fazi izrazito pozitivnog polariteta, tada zaostali
magnetski tok u drugoj fazi mozZe biti izrazito
negativan, ili u blizini nule, a u trecoj fazi obrnu-
to. U tre¢em slucaju, ako je zaostali magnetski
tok u prvoj fazi u blizini nule, tada zaostali ma-
gnetski tok u drugoj fazi moze biti izrazito pozi-
tivan, ili izrazito negativan, a u trecoj fazi obrnu-
to. U petom slucaju ako je zaostali magnetski
tok u prvoj fazi izrazito negativan, tada zaostali
magnetski tok u drugoj fazi moze biti u blizini
nule ili izrazito pozitivan, a u trecoj fazi obrnuto.
Na slici 11, razliCitim bojama predstavljena su
podrucja u kojima se moZe nalaziti zaostali ma-
gnetski tok za pojedinu fazu.

For the case in Figure 10, the most optimal phase
angle for energization is 180° in reference to the ma-
gnetic flux of the third phase. If the synchronization
signal is the voltage of the first phase, which leads
by 90° in reference to the flux of the same phase, the
most optimal phase angle for energization is 150° in
reference to the synchronization signal. In an actual
case, it is also necessary to take the response time of
the switching unit into account.

Through analysis of the de-energization of the tran-
sformer, six characteristic patterns were noted for
the remanent magnetic flux. If the remanent ma-
gnetic flux in the first phase was of markedly positive
polarity, the remanent magnetic flux in the second
phase could be markedly negative or near zero, and
the opposite occurred in the third phase. In the third
case, if the remanent magnetic flux was near zero in
the first phase, the remanent magnetic flux in the se-
cond phase could be markedly positive or markedly
negative, and the opposite occurred in the third pha-
se. In the fifth case, if the remanent magnetic flux in
the first phase was markedly negative, the remanent
magnetic flux in the second phase could be near zero
or markedly positive, and the opposite occurred in the
third phase. In Figure 11, the various colors indicate
the areas in which remanent magnetic flux can be fo-
und for an individual phase.
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Slika 11 — Realno mogudi rasporedi zaostalih tokova s pripadajucim optimalnim trenucima uklopa

Actual

Figure 11

Dakle, svakom od Sest realno mogucih stanja
zaostalih tokova odgovara jedan od Sest (¢, doz)
pripadajucih trenutaka uklopa, odnosno faznih
kutova uklopa.

MAKETA SUSTAVA ZA UP-
RAVLJANI UKLOP

Za eksperimentalnu provjeru rezultata realizi-
rana je laboratorijska maketa uklopa transfor-
matora nazivnih podataka prikazanih u tablici
1. Uklop je izvrsen pomocu sklopnika s vreme-
nom odziva 9,2 ms. Sustav za mjerenje zaosta-

feasible patterns of remanent fluxes with the corresponding optimal instants

for energization

Thus, each of the six actual feasible states of rema-
nent fluxes correspond to one of the six (¢ to ) in-
stants of energization, i.e. the phase angles of ener-
gization.

CIRCUIT MODEL FOR CON-
TROLLED ENERGIZATION

For the experimental testing of the results, a circu-
it model was developed for the energization of the
transformer with the rated values presented in Table
1. Energization was performed using a switch with a
response time of 9,2 ms. The system for measuring
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log magnetskog toka realiziran je pomocu RC
Clana (analogni integrator), pri ¢emu napon
kondenzatora u odredenom mjerilu predstav-
lla magnetski tok. Za odredivanje povoljnog
trenutka uklopa dovoljno je mjerenje magnet-
skog toka u dvije faze, jer je suma magnetskih
tokova jednaka nuli. Na osnovi izmjerenih to-
kova te napona sinkronizacije u_, logicki krug
odreduje trenutak uklopa. Na slici 12 prikazana
je shema sustava za upravljani uklop transfor-
matora i mjerenje struje.

remanent magnetic flux was prepared using RC units
(analogue integrators), where the voltage on the ca-
pacitors is proportional to the magnetic flux. For the
determination of the optimal instant of energization,
it is sufficient to measure the magnetic fluxes in two
phases because the sum of the magnetic fluxes is
equalto zero. On the basis of the measured fluxes and
sychronizing voltage u_, a logic circuit determines
the instant of energization. In Figure 12, a diagram of
a system for the controlled energization of a transfor-
mer and current measurement is presented.
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Slika 12 — Shema laboratorijske makete sustava za upravljani uklop transformatora
Figure 12 — Circuit diagram of a system for the controlled energization of a transformer

Na slici 13 prikazane su izmjerene struje u
sve tri faze pri nepovoljno odbranom trenutku
uklopa, a na slici 14 prikazana je vremenska
promjena harmonickog sastava struje jedne
faze. Sa slika je vidljivo da je udarna struja ne-
koliko puta veca od nazivne struje transforma-
tora te je bogata visSim harmonicima od kojih je

najizrazeniji drugi.

In Figure 13, measured currents are presented in all
three phases during unfavorable energization. In Fi-
gure 14, the time changes of the harmonic content of
single-phase current are presented. From the figu-
res, it is evident that the inrush current is several ti-
mes greater than the rated current of the transformer
and is rich in high harmonics, of which the second is
predominant.
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Slika 13 — Izmjereni valni oblici struja pri nepovoljno odbranom trenutku uklopa
Figure 13 — Measured current waveforms during unfavorable energization
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Slika 14 — Vremenska promjena harmonickog sastava struje jedne faze pri nepovoljno odabranom trenutku uklopa
Figure 14 — Time changes of the harmonic content of single-phase current during unfavorable energization

Na slici 15 prikazane su izmjerene struje u
sve tri faze pri povoljno odabranom trenutku
uklopa, pri ¢emu je vidljivo da u slucaju dobro
odabranog trenutka uklopa gotovo ne postoje
udarne struje.

Figure 15 presents the measured currents in all three
phases during optimal energization. It is evident that
in the case of a well chosen energization instant, the-
re is nearly no inrush current.
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Slika 15 — Izmjereni valni oblici struja pri povoljno odbranom trenutku uklopa
Figure 15 — Measured current waveforms during optimal energization

Vazan pokazatelj kakvoce izradene makete i
odabranog algoritma za odredivanje optimal-
nog trenutka uklopa trofaznog transformato-
ra europskog tipa, je mjerenje udarnih struja
uklopa pri nekoliko uzastopnih uklopa. Radi
preglednosti na slici 16 prikazana je samo en-
velopa struje jedne faze, tijekom nekoliko uza-
stopnih uklopa. Vidljivo je da pri upravljanom
uklopu udarne struje ne prelaze 50 % iznosa
nazivne struje transformatora.

An important quality index of the circuit model and
selected algorithm for the determination of the opti-
mal instant of the energization of a three-phase tran-
sformer of the European type is the measurement of
energization inrush currents at several consecutive
energizations. To simplify presentation, in Figure 16
only the single phase current envelope is presented
during several consecutive energizations. It is evident
that the inrush currents during controlled energizati-
on do not exceed 50 % of the values of the rated cu-
rrent of the transformer.
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Slika 16 — Anvelopa struje jedne faze pri nekoliko uzastopnih upravljanih uklopa
Figure 16 — The envelope of a single-phase current during several consecutive controlled energizations

ZAKLJUCAK

U ovom radu opisan je matematicki model
uklopa trofaznog transformatora uz uracuna-
te efekte petlje histereze i zaostalog magnet-
skog toka, za Sto je razvijen i poseban model
za odredivanje putanje krivulje magnetiziranja
u prijelaznoj pojavi.

Takoder je opisanisustav za mjerenje zaostalog
magnetskog toka na osnovi mjerenja napona
prethodnog isklopa, te je predloZzen algoritam
za odredivanje najpovoljnijeg trenutka uklopa.

Razvijena je laboratorijska maketa sustava
za upravljani uklop trofaznog transformatora.
Najvazniji pokazatelj kakvole izradene makete
i odabranog algoritma za odredivanje optimal-
nog trenutka uklopa trofaznog transformato-
ra europskog tipa je mjerenje iznosa udarnih

struja pri nekoliko uzastopnih uklopa.

|z izmjerenih struja pri upravljanim uklopima
moze se zakljuciti da predloZeno rjesenje eli-
minira pojavu udarnih struja koje su vece od
iznosa nazivne struje transformatora.

CONCLUSION

In this article, a mathematical model is described for
the energization of a three-phase transformer, taking
into account the effects of hysteresis and remanent
magnetic fluxes, for which a separate model has
been prepared for determining magnetization trajec-
tories during transient phenomena.

A system is also described for the measurement of
remanent magnetic flux on the basis of measuring
the voltage of the previous de-energization and an
algorithm is proposed for the determination of the
optimal instant of energization.

A circuit model has been developed for the controlled
energization of a three-phase transformer. The most
important index of the quality of the circuit model and
algorithm presented for the determination of the opti-
mal instant of the energization of a three-phase tran-
sformer of the European type is the measurement of
the value of inrush currents during several consecu-
tive energizations.

From the measured currents during controlled ener-
gizations, it is possible to conclude that the proposed
solution eliminates the occurrence of inrush currents
that are greater than the values of the rated transfor-
mer current.
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