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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 Vama je i Sesti broj ¢asopisa Energija u 2008. godini. Kraj
jedne godine i poCetak sljedece godine uobicajeno je obiljezen
pitanjima i raspravama o cijeni primarnih oblika energije i
pitanjima o sigurnosti opskrbe energijom. Tako je bilo i kra-
jem 2008. godine, odnosno pocetkom 2009. godine. Usporedo
s tim, redovito se raspravljalo i o ulaganjima u energetiku, a
sve radi toga da bi se osigurao odredeni stupanj sigurnosti op-
skrbe. Ono Sto mozda ovo razdoblje razlikuje od dosadasnjih
je globalna recesija, koja ve¢ ima, a sasvim sigurno imat ce
i dugorocni utjecaj na energetski sektor, bilo da je u pitanju
proizvodnja i potrosnja energije ili proizvodnja i ugradnja ener-
getske opreme. Posebno je zanimljivo kako ¢e se ovi dogadaji
odraziti na energetski sektor i gospodarstvo malih zemalja
koje nemaju zatvoren ciklus proizvodnje energetske opreme,
proizvodnje energije te investiranja u izgradnju energetskog
sustava.

U ovom broju casopisa Energija objavljujemo vrlo zanimljive
Clanke iz razli¢itih podrucja, od energetskih do specijalistickih
podrudja elektrotehnike:

— Analiza sigurnosti opskrbe prirodnim plinom u Hrvatskoj,

— Perspektive derivata biljnih ulja za energetske potrebe
seoske poljoprivrede u Indiji,

— Regulacija kvalitete opskrbe elektricnom energijom kao
nuzna funkcija regulacije monopolnih djelatnosti,

— Svici - izvori homogenih magnetskih polja,

— Termicka analiza ukopanih visokonaponskih kabela.

U prvom ¢lanku daje se prikaz uloge prirodnog plina u struk-
turi potrosnje energije danas, s projekcijom do 2050. godine.
Posljednja dva desetljeca potrosnja prirodnog plina znacajno
raste, a prirodni plin, kao energent, poput nafte dobiva
strateSku ulogu, Sto za male zemlje kao Sto je Hrvatska znaci
da je pitanju sigurnosti opskrbe potrebno posvetiti puno vise
pozornosti nego je to sada bilo uobicajeno. Osiguranje opskrbe
naftom i plinom temeljna je zadaca energetske politike svake
zemlje. S obzirom na ¢injenicu da Hrvatska oko 70 % svojih
potreba u primarnoj energiji podmiruje koristenjem tekudih
i plinovitih goriva, iznimno je vazno ras¢lanjivanje potreba,
okolnosti i stanja dobave prirodnog plina kao i analiza sveuku-
pne sigurnosti opskrbe prirodnim plinom kao pretpostavkom
ukupne energetske sigurnosti Hrvatske. U ¢lanku se analizira
utjecaj takvih zbivanja na osjetljivost trzista malih zemalja kao
Sto je Hrvatska.

U ovom broju imamo i ¢lanak iz Indije koji opisuje energets-
ki sektor jednog ruralnog podrudja, ako se tako moze reci.
Naime, temeljna teza ¢lanka je da je svijet suocen s dvojnom
krizom: krizom potroSnje i smanjenja zaliha fosilnih goriva, i
krizom degradacije okolisa. U ruralnoj Indiji veliki udio potreba
za naftom otpada na poljoprivrednu mehanizaciju poput trak-
tora i vrsilica. U ovom radu procjenjuje se isplativost lokalne
proizvodnje biljnih ulja u jednom malom oglednom selu u

UvOD

Dear Readers!

We are delighted to present you yet another, the sixth edition
of Energija journal for the year 2008. The end of a year and the
start of the next is usually accompanied by questions raised
and discussions initiated about the pricing of the primary
forms of energy and the security of energy supply. That's how it
was at the end of 2008 and the beginning of 2009. Another top-
ic on the agenda have been investments in the energy sector
aimed to ensure a fair degree of supply security. What perhaps
makes the current period different from the previous ones is
the global recession which already has and will certainly have a
long-term impact on the energy sector in terms of energy pro-
duction and consumption as well as energy equipment manu-
facturing and installation. Of particular concern is how these
developments will affect the energy sector and the economy
of small countries that do not have a closed cycle of energy
equipment manufacturing, energy production and investment
In energy systems.

In this edition of Energija we are bringing very interesting ar-
ticles, ranging from energy issues to specialized fields of elec-
trical engineering:

— An analysis of the security of natural gas supply in the
Republic of Croatia,

— Prospects of vegetable oil derivatives for rural agricultural
energy in India,

— Regulation of electricity supply quality as a necessary
function in the regulation of monopoly services,

— Coils - sources of homogeneous magnetic fields,

— Thermal analysis of buried high-voltage cables.

The first article deals with the role of natural gas in the struc-
ture of energy consumption as it is today and projected up to
the year 2050. Over the past two decades the consumption
of natural gas has been significantly rising and natural gas
as energy source is gaining, like crude oil, a strategic impor-
tance. What it means for small countries like Croatia is that
much more attention should be paid to the question of sup-
ply security than has been the case so far. Securing oil and
gas supply is hence a primary task of the energy policy of any
country. Considering the fact that about 70% of its primary en-
ergy needs Croatia meets by using liquid and gaseous fuels,
it is extremely important to review the needs, circumstances
and situations concerning natural gas supply and to analyze
the overall security of natural gas supply as a prerequisite for
Croatia’s energy security. The article analyzes the influence of
such developments on the vulnerability of the energy markets
of small countries like Croatia.

This edition includes an article from India describing the en-
ergy sector of a rural area. The basic idea of the article is that
the world is confronted with the twin crisis of fossil fuel deple-
tion and environmental degradation. In rural India agricultural
equipments such as tractors and threshers account for the



sredisnjoj Indiji. Analiziraju se metilni esteri masnih kiselina
iz ulja pamukovog sjemena, sojinog ulja, ulja balanitesa i ja-
trofina ulja da bi se ustanovila njihova svojstva i radni u¢inak u
dizel motoru, a procjenjuje se i potrebna povrsina zemljista za
uzgoj tih uljnih kultura kako bi se udovoljilo potrebama seo-
ske poljoprivrede za gorivom. Rezultati analize u ovom prilogu
navode na zakljucak da esteri biljnih ulja dobiveni od lokalno
uzgajanih uljarica u ruralnom podrucju mogu zamijeniti naf-
tni dizel primjenom jednostavne tehnologije. Osim ovoga, za
lokalnu zajednicu je jednako tako znacajna i ova aktivnost kao
opca gospodarska djelatnost.

U trecem, vrlo zanimljivom, ¢lanku analiziraju se nedostaci
regulacije cijena usluga kao funkcije regulacije monopolne
djelatnosti distribucije elektricne energije koja ne ukljucuje
regulaciju kvalitete opskrbe elektricnom energijom, a opisan
je i model uvodenja regulacije kvalitete opskrbe elektricnom
energijom s posebnim osvrtom na pouzdanost opskrbe kao
znacajnom podrucju regulacije kvalitete opskrbe elektricnom
energijom. Poseban prostor u ¢lanku je posvecen iskustvima
madarskog regulatornog tijela u sustavnom uvodenju regu-
lacije cijena usluga te integriranju kvalitete opskrbe u model
regulacije cijene usluga. U clanku se predlaze madarski
primjer kao uzorak koji bi u odredenoj mjeri mogla slijediti i
Hrvatska u kojoj nije zapocCeto s razvojem niti poticajne regu-
lacije cijena usluga niti regulacije kvalitete opskrbe.

Cetvrti &lanak u ovom broju opisuje jedno vrlo zanimljivo
podrucje homogenih magnetskih polja koja se koriste kod
razli¢itih instrumenata. Homogena magnetska polja koja se
postizu svicima ili sustavima svitaka u Sirokom su rasponu od
reda veliCine mikrotesla, s obi¢nim svicima, do reda veliCine
deset tesla sa supravodljivim svicima. Za umjeravanja instru-
menata kojima se mjere magnetska polja, kao i za razlicite
pokuse i ispitivanja u elektrotehnici, fizici, medicini, biologiji
i ostalim znanstvenim i stru¢nim podrucjima, rabe se izvori
poznatih homogenih magnetskih polja. Ovisno o vrijednosti
Zeljenog magnetskog polja to mogu biti permanentni ili elek-
tromagneti te, Cesce, razliciti svici koji se napajaju istosmjer-
nom, izmjeni¢nom ili impulsnom strujom.

U zadnjem ¢lanku u ovom broju Casopisa opisan je problem
zagrijavanja ukopanih kabela. Naime, ukopani visokonapon-
ski kabeli Cesto se koriste u prijenosu elektri¢ne energije u
gusto naseljenim podrucjima. Kabeli se u pogonu zagrijavaju,
a toplina se prenosi u okolno tlo, Sto dovodi do porasta tem-
perature unutar kabela i u njihovoj okolini. Zbog visoke cijene
ukopanih visokonaponskih kabela iznimno je vazno tocno
proracunati maksimalno dopustene vrijednosti konstantne
struje opterecenja u stacionarnim uvjetima, kao i struje
preoptereéenja u termicki nestacionarnim uvjetima. U ¢lanku
se zakljuCuje je kako proracun temeljen na konstantnim vri-
jednostima toplinske vodljivosti tla pokazuje dobro slaganje s
vrijednostima dobivenim prema IEC standardima.

Clanke u ovom broju ¢asopisa Energija potpisuju autori iz
sveuciliSne zajednice, ali i iz prakse, Sto je, sasvim sigurno,
rezultiralo i kvalitetnim ¢lancima.

Glavni urednik
Mr. sc. Goran Slipac

bulk of oil requirements. The work evaluates the feasibility of
local production of vegetable oil for a small representative vil-
lage in central India. Fatty acid methyl esters of cotton seed oil,
soybean oil, balanites oil and jatropha oil are analyzed for their
properties and diesel engine performance. The land require-
ment to grow these oil crops to fulfill the rural agricultural
diesel need is also estimated. The results of the analysis lead
to a conclusion that esters of vegetable oil, from locally grown
oil crops in the rural region can substitute petroleum-based
diesel by using simple technology. Besides, the local economic
activity resulting from the local growth and processing is just
as important.

The third, highly interesting article analyzes the shortcomings
of price regulation as a function in the regulation of the mo-
nopoly activity of electricity distribution that does not include
the quality regulation of electricity supply. It also describes a
model for launching an electricity supply quality regulation
system with special emphasis on the reliability of supply as the
crucial aspect of supply quality regulation. A special space in
the article is devoted to the experiences of the Hungarian regu-
latory authority in step-by-step introduction of price regulation
and in integration of supply quality into the price regulation
model. The Hungarian example is proposed as a model which
to a certain may be applicable in Croatia where the develop-
ment of neither incentive price regulation nor supply quality
regulation has started yet.

The fourth article deals with the highly relevant area of homo-
geneous magnetic fields used with various instruments. The
homogeneous magnetic fields attained by coils or coil systems
widely vary from the microtesla order of magnitude with ordi-
nary coils to the 10-tesla order of magnitude with supercon-
ductive coils. The sources of known homogeneous magnetic
fields are used for calibration of instruments with which mag-
netic fields are measured and for various experiments and
tests in electrical engineering, physics, medicine, biology and
other scientific and technical areas. Depending on the value of
the desired magnetic field, these can be permanent magnets
or electromagnets and, more frequently, various solenoids fed
by DC, AC or impulse current.

The last article in this edition of Energija journal is about the
heating of buried cables. Buried high-voltage cables are often
used for electricity transmission in densely populated areas.
Cablesin operationwarm up and heat spreads to the surround-
ing soil, which leads to temperature rise inside and around the
cables. Due to the high prices of buried high-voltage cables it
is very important to exactly calculate maximum allowed val-
ues of constant load current in stationary conditions, as well as
overload current in thermally non-stationary conditions. The
conclusion is that the calculation based on constant values of
the thermal conductivity of soil matches well with the values
obtained according to IEC standards.

The authors of the articles in this edition of Energija are mem-
bers of the academic community and practicing engineers,
which lends an added value to their contributions.

Editor-in-chief:
Goran Slipac, Msc



ANALIZA SIGURNOSTI
OPSKRBE PRIRODNIM PLINOM
U REPUBLICI HRVATSKOJ

AN ANALYSIS OF THE
SECURITY OF NATURAL GAS
SUPPLY IN THE REPUBLIC OF
CROATIA

Lidia Hrncevic - Igor Dekanic - Daria Karasalihovic Sedlar,
Zagreb, Hrvatska

U suvremenom globaliziranom gospodarstvu energija nesumnjivo ima strateski karakter,
a u sklopu opskrbe energijom i osiguranja primarnih izvora energije, posebnu ulogu

ima nafta, te od pocetka XXI. stoljeca, sve vise i prirodni plin. Posljednja dva desetljeca
potrosnja prirodnog plina znacajno raste, a prirodni plin, kao energent, poput nafte
dobiva stratesku ulogu. lako je nafta jos uvijek dominantni energent u ukupnoj svjetskoj
potrosniji, Sto se nece promijeniti ni u sljedecih nekoliko desetljeca, predvida se da ¢e udio
prirodnog plina u svjetskoj potrosnji energije do 2050. godine porasti sa sadasnjih 23 % na
gotovo 45 %.

Osiguranije opskrbe naftom i plinom temeljna je zadaca energetske politike svake

zemlje. S obzirom na cinjenicu da Hrvatska oko 70 % svojih potreba u primarnoj energiji
podmiruje koristenjem tekucih i plinovitih goriva, iznimno je vazno rasclanjivanje potreba,
okolnosti i stanja dobave prirodnog plina kao i analiza sveukupne sigurnosti opskrbe
prirodnim plinom kao pretpostavkom ukupne energetske sigurnosti Hrvatske.

In the global economy today energy certainly has a strategic importance, whereas in
terms of energy supply and securing of primary energy sources a special role is played
by crude oil and, to an increasing extent since the start of the new century, natural gas.

In the past two decades the consumption of natural gas has been significantly rising and
natural gas as energy source is gaining, like crude oil, a strategic importance. While oil

is still a dominant energy source in the overall global consumption, which is not going

to change in some decades to come, it is anticipated that the share of natural gas in the
world energy consumption will go up by 2050 from the present 23 % to nearly 45 %.
Securing oil and gas supply is hence a primary task of the energy policy of any country.
Considering the fact that 70 % of its primary energy needs Croatia meets by using liquid
and gaseous fuels, it is extremely important to review the needs, circumstances and
situations concerning natural gas supply and to analyze the overall security of natural gas
supply as a prerequisite for Croatia’s energy security as a whole.

Kljucne rijeci: energetska sigurnost; proizvodnja prirodnog plina; potrosnja
prirodnog plina; sigurnost opskrbe prirodnim plinom

Keywords: energy security; natural gas production; natural gas consumption;
security of natural gas supply
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uvoD

Krajem XX. i po¢etkom XXI. stoljeca energija i glo-
balni prostorni raspored njenih resursa, tokova,
proizvodnje i koristenja, postaju sve vazniji kao
glavne odrednice globalne politike i teZnje za poli-
tickom moci u globaliziranom svijetu.

TrziSte drugog povaznostiisve brze rastucegizvora
energije, prirodnog plina, slijedi osnovne trendove
potrosnje nafte iako su pritom zamjetne i odredene
razlike. Poput nafte u XX. stoljecu, pocetkom XXI.
stoljeca prirodni plin je uSao u proces intenzivne
globalizacije, osobito u svojem ukapljenom obliku.
Za razliku od trZista nafte, trziste prirodnog plina
se do sada razvijalo kao skup nacionalnih trzista
Ciji se stupanj integracije mogao pratiti na makro-
regionalnoj, odnosno interkontinentalnoj razini. S
obzirom na sve vecu vaznost ukapljenog prirodnog
plina (UPP) (engl. Liquefied Natural Gas - LNG),
plinsko trziste takoder sve vise poprima globalne
znacajke, narocito u pogledu planiranja dobavnih
pravaca i odredivanja cijena.

Globalna potrosnja prirodnog plina je tijekom
proteklih desetak godina stalno rasla. Najvedi dio
potvrdenih rezervi prirodnog plina nalazi se na
Srednjem istoku (oko 40 %). Na slici 1 je prika-
zan raspored svjetskih rezervi prirodnog plina, a
na slikama 2 i 3 je prikazana svjetska potrosnja i
proizvodnja prirodnog plina [2]. Kako je trziste pri-
rodnog plina u znacajnoj mjeri podloZno kontinen-
talnim, odnosno regionalnim utjecajima, na slici
4 su prikazani glavni pravci trgovanja prirodnim
plinom kao i ukapljenim prirodnim plinom. Iz slike
4 jasno se vidi ovisnost Europske unije, kao i osta-
lih europskih zemalja, o dobavi prirodnog plina iz
Ruske Federacije i zemalja srednje Azije, odnosno
Kaspijske regije [2].

INTRODUCTION

At the end of the last and the start of the present
century, energy and the geographical distribution
of its resources, trade movements, production and
consumption have become increasingly important
as key determinants of global policies and political
power aspirations in a globalized world.

The market of the second in importance and faster
and faster growing energy source, natural gas, fo-
llows the general trends of oil consumption, with
certain differences though. Like oil in the last and
present centuries, natural gas has become a part
of intense globalization, especially in the field of
liquefied natural gas (LNG). Unlike the oil market,
the natural gas market has been developing so
far as a sum of national markets, whose degree
of integration could be followed at macro-regio-
nal or intercontinental level. In view of the growing
importance of LNG, the natural gas market, too,
is increasingly assuming global characteristics,
especially in terms of planning the supply routes
and pricing.

The global consumption of natural gas has been
steadily rising over the past ten years or so. The
highest share of natural gas reserves (about
40 %) is situated in the Middle East. Figure 1 shows
the distribution of the global natural gas reserves
and Figures 2 and 3 show the global natural gas
consumption and production [2]. The natural gas
market is significantly exposed to continental or
regional influences, and Figure 4 shows the main
routes of trading in natural gas as well as LNG.
Figure 4 clearly illustrates the dependence of the
European Union and other European countries
on gas supplies from Russia and the countries of
Central Asia or Caspian Sea region [2].

Srednja i Juzna Amerika /
Central & South America
3,90 %

Sjeverna Amerika /
North America
4,10 %

Zapadna Europa /
Western Europe
3,10 %

Isto¢na Europa i bivsi Sovjetski Savez /
Eastern Europe & Former Soviet Union
32,50 %

Azija i Oceanija /
Asia & Oceania
8,30 %

Bliski istok /
Middle East
40,10 %

Afrika / Africa
8,00 %

Slika 1 — Raspored svjetskih rezervi prirodnog plina krajem 2005. [2]

Figure 1

Global distribution of the world's natural gas reserves at the end of 2005 [2]

Hrnéevi¢, L., Dekani¢, ., Karasalihovi¢ Sedlar, D., Analiza sigurnosti opskrbe prirodnim plinom ..., Energija, god. 57(2008), br. 6., str. 600-609



Owtalritnl i e il
Wi Pl 15 5 & P

B EunpaiEvrosms L umoe & Lun A

B Spmerms Amerks [ Amerea

10w’

BT MR R EEEY DO EYEEED PO EE s

Gt | s

Slika 2 — Potro3nja prirodnog plina u svijetu [2]
Figure 2 — World natural gas consumption (2]

Bl Coatall it of £ musnl
B AriaiFach!f sad Pl

B Eumpai Euraadfa ' Somce LS m A

B3 Syewama Amaria e mencs

' m?

R T R AT R W B BT DR D 00 DN T W

Goowa Y e

Slika 3 — Proizvodnja prirodnog plina u svijetu [2]
Figure 3 — Global natural gas production by region [2]
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Slika 4 — Glavni pravci trgovanja plinom [2]
Figure 4 — Main natural gas trade routes [2]

2 ANALIZA STANJA U
HRVATSKOJ S CILJEM
UTVRDIVANJA KRITICNIH
ELEMENATA U OPSKRBI
PRIRODNIM PLINOM

Sigurnost opskrbe prirodnim plinom u danasnje
vrijeme predstavlja jedan od temelja, kako ener-
getske strategije neke zemlje, tako i strategije
gospodarske i nacionalne sigurnosti. To narocito
dolazi do izraZaja u suvremenim gospodarskim
odnosima u kojima dostatna i kontinuirana op-

2 AN ANALYSIS OF THE SITU-
ATION IN CROATIA AIMED

TO IDENTIFY THE CRITICAL
POINTS IN NATURAL GAS
SUPPLY

Security of natural gas supply is nowadays one
of the cornerstones of both the energy policy of a
country and the economic and national security
strategy. This is particularly exemplified by today’s
economic relations where sufficient and continu-
ous energy supply is the groundwork for normal

6 0 3 Hrnéevi¢, L., Dekanic, I., Karasalihovi¢ Sedlar, D., Analiza sigurnosti opskrbe prirodnim plinom ..., Energija, god. 57(2008), br. 6., str. 600-609
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skrba energijom predstavlja temelj normalnog
funkcioniranja gospodarstva, narocCito u zemlja-
ma koje, poput Hrvatske, uvoze znacajne koliCine
energije.

Hrvatska svoje potrebe za fosilnim gorivima samo
djelomi¢no podmiruje vlastitom proizvodnjom
nafte i prirodnog plina, dok veci dio uvozi. Vlastita
opskrbljenost ukupnom primarnom energijom je
1988. godine iznosila 65 %, 2000. godine 30 %, a
2005. godine oko 45 %. Prema predvidanjima, pra-
te¢i dosadasniji trend smanjenja proizvodnje, 2030.
godine vlastita opskrbljenost ukupnom primar-
nom energijom ce iznositi svega 21 % do 23 %. S
obzirom na navedena predvidanja, vidljivo je da ¢e
Hrvatska sve vise ovisiti o uvozu energenata [3].

U domacoj proizvodnji primarne energije najve-
¢im udjelom sudjeluju nafta i prirodni plin, Ciji ¢e
udio u razdoblju do 2030. godine biti na razini oko
25 % (slika 5). S obzirom da ¢e nafta i prirodni plin u
ukupnoj potrosnji energije 2030. godine sudjelovati
s oko 60 % do 70 %, dostatne koli¢ine navedenih
energenata ¢e se osigurati uvozom [3]. Ovisnost o
uvozu energije i energetskih sirovina predstavlja ri-
zik u osiguravanju ukupne potrebne energije, kako
zbog trzisnih Cimbenika (nestabilnosti i visoke cije-
ne na svjetskom trzistu), tako i netrzisnih ¢imbe-
nika, kao Sto su promjena globalnih geopolitickih
odnosa, elementarne nepogode, opasnost od rat-
nog sukoba ili teroristickih napada i dr.

Godina | Year 2006

functioning of the economy, especially in countri-
es, like Croatia, dependent on major energy im-
ports.

Croatia meets its needs for fossil fuels only parti-
ally from domestic oil and natural gas production
and imports them for a greater part. Domestic
coverage of total primary energy needs amounted
to 65 % in 1988, 50 % in 2000, 45 % in 2005. Jud-
ging by the diminishing production trend to date,
it is anticipated that by 2030 the domestic share
of total primary energy supply will be only 21 %
to 23 %. In view of such forecasts, Croatia will be
increasingly dependent on the imports of energy
sources [3].

Qil and natural gas account for the bulk of the do-
mestic primary energy production, and until 2030
that share will be about 25 % (Figure 5). As the
share of oil and natural gas in total energy con-
sumption will reach 60 to 70 % by 2030, sufficient
quantities of these energy sources will have to be
imported [3]. Dependence on the imports of ener-
gy and energy resources poses a risk in terms of
meeting total energy needs, due to market factors
(instability and high world market prices), as well
as non-market factors, such as changes in global
geopolitical balance, natural disasters, risks of
war conflicts and terrorist attacks, etc..

Godina [ Year 2030
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Slika 5 — Udjeli u ukupnoj proizvodnji primarne energije u Hrvatskoj [3]
Figure 5 — Shares of energy resources in total primary energy production in Croatia [3]

Potrosnja i proizvodnja prirodnog plina u
Hrvatskoj

Na pocetku novoga stoljeca prirodni plin u Hrvat-
skoj u ukupnoj potrosnji energije sudjeluje s 25 %.
lako potrosnja prirodnog plina u proteklih dvade-
set godina biljezi konstantan porast, s iznimkom
ratnih 90-ih godina, Hrvatska je po potrosnji pri-
rodnog plina jo$ uvijek za otprilike 34 % ispod pro-
sjeka potrodnje u Europskoj uniji [3].

Natural gas consumption and production
in Croatia

At the start of the new century the share of natural
gas in total energy consumption in Croatia stood
at 25 %. Although natural gas consumption has
been constantly increasing over the past twenty
years, with the exception of the wartime nineties,
natural gas consumption in Croatia is still by 34 %
below the consumption average in the European
Union [3].
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Prema odrzivom scenariju neposredne potrosnje
energije, predvida se porast potrosnje prirodnog
plina u neposrednoj potrosSnji po stopi od 4,2 %
godisnje do 2020. godine. Projekcija ukupne po-
trosnje prirodnog plina u Hrvatskoj dana je u na
slici 6 [4] .

According to the sustainable scenario of direct
energy consumption presented in the proposal of
new Croatian energy strategy, direct natural gas
consumption is expected to rise at the annual rate
of 4,2 % until 2020. Figure 6 [4] shows the projec-
ted natural gas consumption in Croatia.

-

Petrodnja pricdnog pina |
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2008 2018,
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Slika 6 — Projekcija potrodnje plina u Republici Hrvatskoj [4]
Figure 6 — Projected natural gas consumption in Croatia [4]

U Hrvatskoj se prirodni plin proizvodi na 25 plinskih
polja iz 101 plinske buSotine, ¢ime se trenutacno
podmiruje oko 60 % domacih potreba za prirodnim
plinom. Najznacajnija proizvodnja prirodnog plina
je na eksploatacijskim poljima Molve, Kalinovac
i Stari Gradac u sklopu kojih su izgradena i po-
strojenja za preradu i pripremu plina za transport
Centralne plinske stanice Molve I, Il i llI, te iz Sje-
vernog Jadrana. S obzirom na preostale rezerve,
uz ocekivani godisnji prirodni pad proizvodnje od
3 % do 7 %, predvida se da ¢e ekonomicna pro-
izvodnja prirodnog plina iz busotina duboke Po-
dravine trajati jos oko 25 godina. Slika 7 prikazuje
procjenu buduce proizvodnje prirodnog plina u
Hrvatskoj u razdoblju do 2030. godine [4].

10'm’

In Croatia natural gas is produced on 25 gas fields
from 101 gas wells, which currently covers about
60 % of domestic natural gas needs. The most im-
portant natural gas production takes place on the
exploitation fields Molve, Kalinovac and Stari Gra-
dac (exploitation fields in geologically called Deep
Podravina region) and exploitation field in northern
Adriatic. On gas field Molve the Central Gas Sta-
tion Molve |, Il and Ill (gas processing plants) are
built and used for processing and transport pre-
parations of natural gas. Based on the remaining
reserves and the expected production decrease
at the annual rate of 3 % to 7 %, the economical
production of natural gas from the wells of Deep
Podravina is expected to last for another 25 years.
Figure 7 shows the estimated future natural gas
output in Croatia in the period up to 2030 [4].
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Slika 7 —Procjena domace proizvodnje prirodnog plina u razdoblju do 2030. godine [4]

Figure 7 — Estimated domestic natural gas production in

the period up to 2030 [4]
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Na temelju iznesenih procjena vidljivo je kako ce
nakon 2015. godine, a narocito nakon 2020. go-
dine, proizvodnja prirodnog plina padati, a uvoz
intenzivno rasti. Iz sve vece uvozne zavisnosti
proizlazi i porast osjetljivosti energetskog sek-
tora i time cjelokupnog gospodarstva Hrvatske
0 svim zbivanjima, pa i mogucim poremedajima,
na medunarodnim trzistima energije. Posebna
osjetljivost izrazena je u odnosu na medunarod-
no trziste nafte i potom medunarodno trziste pri-
rodnog plina. IzloZzenost gospodarstva Hrvatske
oscilacijama medunarodnih energetskih trzista
s obzirom na uvoz prirodnog plina rast Ce, jer ce
se, prema predvidanjima, uvozom prirodnog plina
2015. godine zadovoljavati 50 % domacih potreba
za prirodnim plinom, a nakon 2020. godine 65 %
domacih potreba (slika 8).

2]

The above estimates indicate that after 2015, es-
pecially after 2020, natural gas production is going
to decrease, with imports surging. Increasing de-
pendence on natural gas imports implies increa-
sing vulnerability of the energy sector and thereby
the entire Croatian economy to any developments,
including possible disruptions, on international
energy markets. Such vulnerability is particularly
felt in relation to international oil market, followed
by gas markets. Croatia’s exposure to oscillations
on international energy markets in respect of na-
tural gas imports will grow, because, as predicted,
by 2015 natural gas imports will cover 50 % of do-
mestic needs, and after 2020 65 % (Figure 8).

!a—._
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Slika 8 — Ovisnost Hrvatske o uvozu energije [3]
Figure 8 — Croatia's dependence on energy imports [3]

Kao Sto je vidljivo iz navedenog, a i sa slike 8, pred-
vida se da ¢e potrosnja prirodnog plina u Hrvatskoj
sve viSe rasti,a posljedica Ce biti i povecanje uvoza
prirodnog plina.

Kako bi se osigurale dostatne kolic¢ine prirodnog
plina za zadovoljavanje buduce potroSnje, Repu-
blika Hrvatska ¢e morati dugorocno osigurati nove
dobavne pravce prirodnog plina.

OSIGURAVANJE NOVIH DO-
BAVNIH PRAVACA

U Hrvatskoj vise od dvije tre¢ine prirodnog plina
dolazi iz domace proizvodnje, pri cemu se dio pro-
izvodnje izvozi prema ugovoru o podjeli proizvod-
nje izmedu INE d.d. i talijanske tvrtke Agip, koja
je sudjelovala investiranjem u razradu i privodenje
proizvodnji plinskih polja u Sjevernom Jadranu.
Ostatak potreba se zadovoljava uvozom iz Rusije
preko granicne ulazne tocke Rogatec u hrvatski

plinski transportni sustav.

It follows from the aforesaid, and as shown in Fi-
gure 8, that natural gas consumption in Croatia
will be increasing and the result of it will be an
increase in natural gas imports.

In order to secure sufficient quantities of natural
gas for future consumption, Croatia will have to
assure new natural gas supply directions on a
long-term basis.

ASSURANCE OF NEW SUP-
PLY DIRECTIONS

In Croatia more than two thirds of natural gas
consumption is covered by domestic production,
of which a part is exported under a long- term pro-
duction sharing agreement between INA Co. and
Agip, the ltalian company which participated by
investing in the joint venture project of gas explo-
ration and production from northern Adriatic. The
rest of the needs is covered by natural gas import
from Russia via Rogatec border crossing point into
the Croatian gas transport system.
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Razvoj potreba za prirodnim plinom u Hrvatskoj i
ukljucivanje u energetsku infrastrukturu neposred-
nog i Sireg europskog okruzenja nalaze osiguranje
novih pravaca uvoza prirodnog plina i dovrsetak iz-
gradnje hrvatskog transportnog sustava:

— izgradnja terminala za ukapljeni prirodni plin
(UPP), izgradnja tranzitnog plinovoda i njego-
vo ukljucivanje u transportni sustav PLINA-
CRO-3,

— dovrsenje izgradnje magistralnog plinovod-
nog sustava tlaka 75 bara u isto¢noj Slavoniji
i prema Dalmaciji te izgradnja transportnog
sustava na svim podrucjima gdje je to gospo-
darski opravdano u odnosu na opskrbu UNP-
om,

— realizacija Jadransko - Jonskog pravca uvoza
prirodnog plina.

POTREBE ZA 1ZGRADNJOM
SKLADISNIH KAPACITETA

Hrvatska raspolaze jednim skladiStem prirod-
nog plina (PSP) Okoli. Godisnje koli¢ine utisnu-
tog plina u PSP Okoli kre¢u se u rasponu od
250-10¢m?®do450-10°m?,agodisnjaproizvodnjaplina
sa PSP Okoliiznosi oko 220-10¢ m®do 380-10¢ m?3 [6].
S obzirom na sagledavanje buducih potreba i pro-
jekciju potrosnje te vrlo znacéajne sezonske razlike
u potrosnji plina, koje ¢e osobito doéi do izrazaja
tijekom sljedecih desetak godina, bilo bi potrebno
osigurati skladiSne kapacitete otprilike na razini
od 20 % godiSnje potrosnje, Sto odgovara ukupnim
kapacitetima skladista od 0,8-10° m32010. godine
te oko 1,1-10° m® skladista u 2020. godini. To bi
nalagalo izgradnju novih skladiSnih kapaciteta od
blizu 100-10° m*do 2010. godine, odnosno udvo-
strucenje sadasnjeg ukupnog kapaciteta skladista
prirodnog plina do 2020. godine [4].

Direktivama Europske unije i zakonima Hrvatske
nisu predvidene obvezne zalihe prirodnog plina
(iako ih neke zemlje Europske unije propisuju).
Sigurnost opskrbe prirodnim plinom bitno ce se
povecati izgradnjom terminala za UPP i njegovih
velikih skladisnih kapaciteta.

Ocjenjuje se stoga da je dovoljno da obvezne zali-
he prirodnog plina budu na razini sedmodnevnih
potreba u prosjecnom, meteoroloski najnepovolj-
nijem zimskom razdoblju, Sto iznosi oko 5 % go-
disnje potrosnje. Proizlazi da bi u 2020. godini za
projiciranu razinu potrosnje prirodnog plina bilo
nuzno osigurati mogucnost skladistenja na razini
30 % godisnje potrosnje ili 790-10¢ m3, od Cega na
sezonsko skladistenje otpada 660-10¢ m® [4].

Sve intenzivnija upotreba prirodnog plina, porast
geopoliticke uloge prirodnog plina koji na istovr-

The growing needs for natural gas in Croatia and
the inclusion in the energy infrastructure of the
immediate and broader European surroundings
requires new natural gas import directions and the
completion of the Croatian transport system, viz.:

— construction of LNG-terminal, construction
of transit gas pipe line and its connection
with PLINACRO transport system,

— completion of the 75 bar gas pipeline in ea-
stern Slavonia and towards Dalmatia, and
construction of a natural gas pipeline system
in all areas where commercially feasible in
relation to LNG supply,

— realization of the Trans Adriatic Pipeline Sy-
stem project.

NEEDS FOR NEW NATURAL
GAS STORAGE CAPACITIES

Croatia possesses one underground natural gas
storage (UGS) on Okoli field. The annual natural
gas injection into UGS range from 250-10¢ m® to
450-10° m®, and the annual gas production from
UGS Okoli amounts to 220-10¢ m?* to 380-10° m® [6].
Considering the future needs and the projected
consumption, plus major seasonal differences in
natural gas consumption, which will be particular-
ly felt for the next ten years, it would be necessary
to provide storage capacities at the level of 20 %
of annual consumption, which corresponds to
total storage capacities of 0,8-10° m® in 2010 and
about 1,1:10° m3 in 2020. This would require the
construction of new storage capacities of near-
ly 100-10¢ m®by 2010, meaning that by 2020 the
present natural gas storage capacities would be
doubled [4].

The EU Directives and the Croatian legislation do
not provide for any obligatory natural gas reserves
(although some Member States do). The security
of natural gas supply will be greatly improved by
the construction of the LNG terminal and its large
storage facilities.

For that reason, it is considered sufficient to have
the obligatory natural gas reserves at the level of
7-day needs in an average winter season, worst
in terms of weather conditions, amounting to
approximately 5 % of annual consumption. There-
fore, in 2020 for the projected level of natural gas
consumption it would be necessary to ensure sto-
rability at the level of 30 % of annual consumption,
or 790-10¢ m?, of which seasonal storage accounts
for 660-10° m? [4].

The increasing consumption of natural gas, its ri-
sing geopolitical role suggesting that natural gas
will have the same kind of political importance in
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stan nacin pridonosi politizaciji plina u buducnosti,
kao Sto je danas slucaj s naftom, plinofikacija Hr-
vatske kao i porast potroSnje plina namecu potre-
bu stvaranja strateskih zaliha plina u perspektivi.

ZAKLJUCAK

Do 2030. godine moZe se racunati s neizvjesno-
stima na globalnim energetskim trZistima, po-
vremenim nestabilnostima pa i krizama, Sto ce
svakako imati za posljedicu vecu osjetljivost ener-
getskih trziSta malih zemalja poput Hrvatske,
osobito u odnosu na uvoz nafte i cijene nafte. To je
bitna Cinjenica o kojoj se mora voditi racuna i koja
predstavlja kriticni element opskrbe prirodnim
plinom Hrvatske. Stoga stvaranje osjecaja ener-
getske sigurnostii Sirenje te spoznaje u okruzenju
ve¢ samo po sebi pridonosi jacanju gospodarske
stabilnosti te time pridonosi i sveukupnoj razini
nacionalne sigurnosti u Hrvatskoj.

the future as crude oil has today, the expanding
gas supply network and rising gas consumption in
Croatia, all this imposes a need to create strategic
gas reserves in the future.

CONCLUSION

What can be reckoned with in the period until 2030
are uncertainties on global energy markets, occa-
sional instabilities and crises, which is bound to
result in greater vulnerability of the energy mar-
kets of small countries like Croatia, especially
with regard to oil imports and prices. This should
be taken into consideration when planning future
natural gas supply in Croatia. Creating conditions
for safe energy supply contributes to economic
stability and thereby to the overall national secu-
rity of Croatia.
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PERSPEKTIVE DERIVATA BILJNIH
ULJA ZA ENERGETSKE POTREBE
SEOSKE POLJOPRIVREDE U INDUI
PROSPECTS OF VEGETABLE

OIL DERIVATIVES FOR RURAL
AGRICULTURAL ENERGY IN INDIA

Samir J. Deshmukh - Lalit B. Bhuyar - Shashank B. Thakre, Badnera,
Amravati, Indija

Svijet je suocen s dvojnom krizom: krizom nestajanja fosilnih goriva i krizom degradacije
okolisa. Alternativna goriva, o¢uvanje i upravljanje energijom, energetska ucinkovitost i zastita
okolisa posljednjih su godina dobili na znacenju. Kao alternativa dizel gorivu dosta obecavaju
esterificirana biljna ulja koja su ekoloski vrlo pogodna. U ruralnoj Indiji 90 %potreba za naftom
otpada na poljoprivrednu mehanizaciju poput traktora i vrsilica. Poljoprivrednici koji posjeduju
marginalna i velika zemljisSta mogu ispuniti zahtjeve dizel goriva tako da siju uljarice na vlastitoj
zemlji. U ovom radu procjenjuje se isplativost lokalne proizvodnje biljnih ulja u jednom malom
oglednom selu u sredisnjoj Indiji. Analiziraju se metilni esteri masnih kiselina iz ulja pamukovog
sjemena, sojinog ulja, ulja balanitesa i jatrofina ulja da bi se ustanovila njihova svojstva i radni
ucinak u dizel motoru, a procjenjuje se i potrebna povrsina zemljista za uzgoj tih uljnih kultura
kako bi se udovoljilo potrebama seoske poljoprivrede za gorivom. Rezultati pokazuju da
kaloricna vrijednost metilnih estera iznosi 93 % dizela, a i druga su svojstva posve usporediva

s dizelom. Analiza radnog ucinka metilnih estera u motoru pokazuje neznatno smanjenje
toplinske ucinkovitosti od oko 3,23 %, dok su emisije smanjene za 8 % do 10 % u usporedbi s
dizelom. Izvrsena je i ekonomska analiza te je ustanovljeno da je koristenje derivata biljnih ulja
kao zamjene za dizel gorivo skuplje od koristenja mineralnog dizela.

The world is confronting the twin crises of fossil fuel depletion and environmental degradation.
Alternative fuels, energy conservation and management, energy efficiency and environmental
protection have become increasingly import in recent years. Among alternative fuels, esterified
vegetable oils hold good promise as eco-friendly alternatives to diesel fuel. In rural India,

90 % of the petroleum diesel requirement is for agricultural equipment such as tractors and
threshers. Marginal farmers and large landholders can meet their diesel requirement by sowing
oil yielding crops on their own lands. This paper evaluates the feasibility of the local production
of vegetable oil for a small representative village in central India. Fatty acid methyl esters of
cottonseed oil, soybean oil, balanites oil and jatropha oil were analyzed for their properties and
performance in diesel engines. The land required to grow these oil crops in order to meet rural
agricultural diesel requirements was estimated. The results indicate that the calorific value

of these methyl esters is 93 % that of diesel and the other properties are quite comparable
with diesel. Engine performance analysis of these methyl esters indicates that there is a slight
decrease in thermal efficiency of approximately 3,23 %, while emissions are reduced by 8 %

to 10 % as compared to diesel. Economic analysis was also performed and it was found that
vegetable oil derivatives as diesel fuel substitutes are costlier than mineral diesel.

Kljucne rijeci: biodizel; esteri; transesterifikacija; biljna ulja

Keywords: biodiesel; esters; transesterification; vegetable oils
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uvoD

Dizel goriva imaju bitnu ulogu u gospodarstvu
pojedine zemlje. Ona se koriste za pogon teskih
kamiona, autobusa u gradskom prijevozu, loko-
motiva, elektricnih generatora, poljoprivredne
mehanizacije, rudarske opreme, itd. Rastuce cije-
ne dizel goriva i sve manje rezerve nafte poti¢u nas
na traZenje alternativnih goriva. Alternativna gori-
va trebaju biti lako dostupna, neskodljiva za okolis
te tehnoloski i ekonomski konkurentna. Jedno od
takvih goriva su trigliceridi (biljna ulja/Zivotinjske
masti) i njihoviderivati [1]. Biljna uljaimaju oko 88 %
energijskog sadrZaja naftnog dizela [2]. | biljna ulja
i njihovi esteri obedavajuce su alternative kao gori-
va za dizel motore.

Problemi povezani s biljnim uljima za vrijeme is-
pitivanja motora mogu se svrstati u dvije velike
skupine i to u probleme radne naravi i probleme
izdrZljivosti. Radni problemi odnose se na pokre-
tanje motora, paljenje, izgaranje i radni ucinak.
Problemi izdrzljivosti odnose se na formiranje na-
slaga, pougljenjivanje vrha sapnica za ubrizgava-
nje, zapinjanje prstena i razrjedivanje ulja za pod-
mazivanje. Primijeceno je da Cista biljna ulja, kad
se rabe puno sati, mogu zagusiti filtar goriva zbog
visoke viskoznosti i netopljivosti svojstvene Cistim
biljinim uljima. Visoka viskoznost, viSestruko ne-
zasiéeni karakter i veoma niska hlapljivost biljnih
ulja odgovorni su za radne probleme i probleme
izdrzljivosti u njihovu koristenju kao goriva u dizel
motorima. Visoka viskoznost biljnih ulja uzrok je
slabog rasprsivanja goriva, velike veliCine kaplji-
ca i time velike penetracije sprej mlaza. Mlaz ima
tendenciju postati kruta struja umjesto sprej sitnih
kapljica. Stoga se gorivo ne distribuira, odnosno
ne mijeSa za zrakom potrebnim za izgaranje u ko-
mori izgaranja. Posljedica je toga slabo izgaranje
popraceno gubitkom snage i ekonomi¢nosti [3].

Razliciti nacini smanjenja ovih parametara uklju-
Cuju razrjedivanje, mikroemulziju, pirolizu, ka-
taliticko krekiranje i transesterifikaciju. Zbog
jednostavnosti postupka i glicerola koji se dobiva
kao komercijalno vrijedan nusproizvod, postupku
transesterifikacije daje se prednost pred ostalima
[4]. Postupak transesterifikacije je reakcija trigli-
cerida iz masti ili ulja s bioalkoholom, ¢ime se for-
miraju esteri (biodizel) i glicerol [5]. Najbolji na¢in
koristenja biljnih ulja kao goriva jest njegova pre-
tvorba u biodizel. Biodizel se definira kao monoal-
kilni esteri dugolancanih masnih kiselina dobive-
nih iz obnovljivih sirovina, kao Sto su biljna ulja ili
Zivotinjske masti za uporabu u motorima na kom-
presiju i paljenje [6]. Za izgaranje biodizela navodi
se u viSe izvora da ima niZe emisije u usporedbi s
naftnim dizelom, odnosno nize emisije SO,, ¢ade,
ugljicnog monoksida (CO) i ugljikohidrata (HC). Za
emisije NOx iz biodizela navodi se da imaju raspon

INTRODUCTION

Diesel fuels have an essential function in the in-
dustrial economy of a country. They are used in
heavy trucks, city transport buses, locomotives,
electric generators, farm equipment, undergro-
und mine equipment etc. The increasing prices
of diesel fuel and decreasing reserves prompt us
to search for alternative fuels. Alternative fuels
should be easily available, environment friendly
and techno-economically competitive. Such fuels
include triglycerides (vegetable oils/animal fats)
and their derivatives [1]. Vegetable oils have about
88 % of the energy content of petroleum diesel [2].
Both vegetable oils and their esters are promising
alternative fuels for diesel engines.

The problems associated with vegetable oils du-
ring engine tests can be classified into two broad
groups, operational and durability. Operational
problems are related to starting ability, ignition,
combustionand performance. Durability problems
are related to deposit formation, carbonization of
the injector tip, ring sticking and lubricating oil
dilution. It has been observed that when straight
vegetable oils are used for long hours, they tend
to clog the fuel filter because of their high visco-
sity and insolubility. The high viscosity, polyunsa-
turated character and extremely low volatility of
vegetable oils are responsible for the operational
and durability problems associated with their uti-
lization as fuels in diesel engines. The high visco-
sity of vegetable oils causes poor fuel atomization,
large droplet size and thus high spray jet penetra-
tion. The jet tends to be a solid stream instead of
a spray of small droplets. As a result, the fuel is
not distributed or mixed with the air required for
burning in the combustion chamber. This results
in poor combustion accompanied by decreased
power and economy [3].

Various means to reduce these parameters in-
clude dilution, microemulsion, pyrolysis, catalyst
cracking and transesterification. Because of the
simple process and glycerol obtained as a by-pro-
duct, which has commercial value, the transeste-
rification process is preferred over others [4]. The
tranesterification process is the reaction of the tri-
glycerides of the fat or oil with bioalcohol to form
esters (biodiesel) and glycerol [5]. The best way
to use a vegetable oil as fuel is to convert it into
biodiesel. Biodiesel is defined as the mono-alkyl
esters of long-chain fatty acids derived from re-
newable feedstock, such as vegetable oils or ani-
mal fats, for use in compression-ignition engines
[6]. The combustion of biodiesel has been repor-
ted in a number of works to have lower emissions
than petroleum diesel, with lower emission of SO,
soot, carbon monoxide (CO) and hydrocarbons
(HC). NOx emissions from biodiesel are reported
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izmedu plus ili minus 10 % u usporedbi s petrodi-
zelom [7], [8] [9].

U ovom se radu nastoji dati pregled mogucnosti
koristenja Cistih biljnih ulja i biodizela za ruralne
energetske potrebe, raspolozivih postupaka i ka-
rakteristika goriva, te analiza ucinka i ekonomska
analiza proizvodnje biodizela.

ZNACAJKE SELA | NJEGOVE
ENERGETSKE POTREBE

U ovoj studiji ocjenjuje se isplativost biodizela za
poljoprivredne namjene za jedno selo u ruralnom
podrucju Indije. RijeC je o selu Shivar u kotaru
Amravati pokrajine Vidarbha drzave Maharashtra.
Selo ima 1 500 jutara zemlje i 1 250 stanovnika
(400 domacinstava). Poljoprivreda je glavna gos-
podarska djelatnost (pamuk, soja i bijeli grah).
Veliki i srednji zemljoposjednici posjeduju 80 %
poljoprivrednog zemljiSta, oko 25 do 30 jutara, dok
mali i sitni zemljoradnici posjeduju od 1 do 7 juta-
ra. Zastupljenost pojedinih kultura prikazana je u
tablici 1.

Tablica 1 - Postotak zemlje zasaden razli¢itim kulturama

Table 1 - Percentage share of land occupied by various crops

to have a range of 10 % in comparison to petrodi-
esel [7], [8] and [9].

The present paper is an attempt to review the
possibilities for using neat vegetable oils and bi-
odiesel for rural energy requirements, the proce-
sses available, fuel characteristics, performance
analysis and an economic analysis of biodiesel
production.

VILLAGE CHARACTERIZA-
TION AND ENERGY DEMAND

In the present study, the feasibility of biodiesel for
agricultural applications is evaluated for a rural
Indian village, Shivar, in the Amravati District, Vi-
darbha Region of the State of Maharashtra. This
village has 1 500 acres of land and 1 250 people
(400 households). The primary economic activity is
agriculture (cotton, soy and gram). Large and me-
dium-size landholders occupy 80 % of the agri-
cultural land, owning about 25 acres to 30 acres
each, while small and marginal farmers possess
about 1 to 7 acres. The land occupied by various
crops in the village is presented in Table 1.

(%]

Kultura / Crop koristene zemlje /
of land occupied

Mahunarke (azijski grah, slanutak/bijeli grah) / Pulses (Mung, Tur/Gram) 40

Pamuk / Cotton 35

Soja / Soybean 20

Suncokret / Sunflower 5

Kako se obradivana zemlja ne navodnjava, opte-
re¢enje navodnjavanja iznosi nula. Stambeno ko-
ristenje odnosi se uglavnom na rasvjetu i radio/te-
leviziju, dok se ostale energetske potrebe odnose
na poljoprivredu, tj. na traktore i vréilice. U tablici
2 dan je saZetak procijenjenih energetskih potreba
sela.

Since 100 % of the land under cultivation is non-
irrigated, the irrigation load is nil. Residential uses
are mostly for lighting and radio/television. Other
energy uses involve energy required for agricultu-
re, such as for powering tractors and threshers.
Table 2 summarizes the estimated power require-
ment for the village.
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Tablica 2 - Procjena potreba za energijom u kontekstu potrosnje dizela za rasvjetu i poljoprivredu
Table 2 - Estimated energy demand in terms of diesel for lighting and the agricultural sector

Rasvjeta stambena /

0,08 kW/kucéanstvo / house x 400
Lighting Residential

Rasvjeta uli¢na /

Lighting streetlights 0,06 kW/rasvjeta / light x 100

Poljoprivreda:

Traktori / 3,75 l/jutro po / smjeni x 1 500 /
Agricultural 3,75 l/acre per shift x1 500
Tractors

Poljoprivreda:

Vrsilice / 5 l/jutro kulture x 1500 /
Agricultural 5 |/acre of crop x 1 500
Threshers

Odgovarajuce potrebe za dizelom za rasvjetu izra-
cunavaju se uzimajudi u obzir da toplinska ucinko-
vitost motora iznosi 25 %. Poljoprivredne potrebe
za dizelom evidentiraju se putem terenskih proba i
zatim se izracunavaju tako da se uzima prosjek ra-
dova obavljanih traktorima i vrsilicama. Bududi da
se dio poljoprivrednih djelatnosti obavlja pomocu
volovske zaprege, opterecenje traktora razmjerno
se smanjuje. Energetska potreba iznosi oko:

31025 L (rasvjeta) + 41 250 L (poljoprivreda)
=72 275 ldizela.

Kad se doda 5 % s obzirom na nize toplinske vri-
jednosti biodizela i 6 % na eventualno dodatno op-
terecenje, potraznja za biodizelom doseze 80 000
litara godiSnje.

BIODIZELSKI SUSTAV

Ruralni biodizelski sustav obuhvada uzgoj uljarica,
presanje sjemenki u ulje, obradu ulja u biodizel
transesterifikacijom, uporabu tog biodizela za po-
gon poljoprivrednih strojeva i proizvodnju elektric¢-
ne energije pomocu agregata, kao Sto je prikazano
na slici 1.

70 | dizela/d
4h/d/ 128 kWh/d / (25 550 l/god. /
4 h/d 128 kWh/d 70 L of diesel/d

(25 550 lit/year)

15 L dizela/dan

4h/d/ 24 kWh/d / (5475 l/god.) /
4 h/d 24 kWh/d 15 L of diesel/d
(5 475 /year)
6 smjena/god. / 33 750 L dizela/god. /
shift/year 33 750 L of diesel/year
Srednja

7500 L dizela/god. /

ol pdnest 7500 L of diesel/year

Mean value

The equivalent diesel requirement for lighting
purposes is calculated, assuming the thermal ef-
ficiency of the engine to be 25 %. The agricultural
diesel requirement is recorded by conducting field
trials and then calculated by taking the average
of the work performed by tractors and threshers.
Since part of the agricultural activity is shared by
bullock-drawn implements, the tractor load is
reduced somewhat to the said value. The energy
required is about

31025 L (lighting) + 41 250 L (agricultural)
=72 275 of diesel.

Adding 5 % due to the lower heating values of bi-
odiesel and 6 % for the additional load, if any, the
biodiesel requirement reaches 80 000 l/year.

BIODIESEL SYSTEM

The rural biodiesel system involves growing oil
crops, pressing the seeds into oil, processing the
oil into biodiesel by transesterification, using this
biodiesel to powr agricultural equipment and em-
ploying generators for electricity generation as
shown in Figure 1.

Uzgoj kulture na ulje / ol
polju liuz cestu / - '
Grow crop in field
or by road side

Transesterification

Transesterifikacia /

p| Prmjena u poljoprivredi/

biodizel / Agricultural use

biodiesel
I

g

Proizvodnja elektritne

energije / Electricity
generation

Y

Slika 1 — Op¢i dijagram protoka za ruralnu proizvodnju biodizela

Figure 1 — General flow diagra

m for rural biodiesel production
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Ulja za proizvodnju biodizela

Glavni resursi biljnih ulja koji se uzgajaju u dotic-
nom podrucju jesu pamuk, suncokret i soja, dok
je ulje balanitesa potpuno neiskoristeni prirodni
resurs. Balanites ili hingan je viSenamjensko drvo
poznato po svojoj mnogostrukoj uporabi kao ogr-
jevno drvo, drveni ugljen, gradevno drvo, krma i
dr. Plodovi su mu jestivi, a sjeme se drobi za pro-
izvodnju ulja. U suhom stanju kostica tezi 15 %
do 18 % tezine ploda, te sadrzi 45 % do 47 % ulja
[10]. U doti¢nom podrudju toga drveta ima u izo-
bilju uz ceste. Prosjecni prinos ulja od razli¢itih
uljnih sjemenki u tom podrucju zajedno s jatro-
fomn izraCunava se putem istraZivanja provedenih
u selu, a podaci o prinosu uzimaju se kao prosjek
prinosa zadnje tri godine. Sastav masnih kiselina
tih ulja naveden je u tablici 3.

Oils for biodiesel production

The primary resources of vegetable oil cultivated
in the said area are cotton, sunflower and soy,
whereas balanites oil is a natural resource that
is totally unutilized. Balanites or hingan is a mul-
tipurpose tree known for its many uses as fuel
wood, charcoal, timber, fodder etc. The fruits are
edible and the seeds are crushed to produce oil.
On a dry basis, the kernel weight is 15 % to 17 %
of the fruit, which contains 45 % to 47 % oil [10]. It
is abundantly available in the said area along the
roadside. The average oil yields from various oil
seeds available in the said area along with jatrop-
ha were calculated by conducting a survey in the
village and the data for the yield were taken as the
average of the last three years'yield. The fatty acid
compositions of these oils are given in Table 3.

Tablica 3 - Sastav masnih kiselina sirovog pamukovog sjemena, sojinog ulja, ulja suncokreta i ulja balanitesa
Table 3 - Fatty acid compositions of crude cottonseed, soybean, sunflower and balanites oils

Sastav masnih kiselina (tezinski %) / Sl LT

Fatty acid Composition (wt %) m‘ﬂre‘meiij/mt
Palmitinska kiselina / .
Palmitic (C,,,) .67
Palmitolinska kiselina / 5
Palmitolic (C,, )
Stearinska kiselina / 0.89%*
Stearic (C,q,) '
Oleinska kiselina /

13,27
Oleic (C,g,)
Linolna kiselina / oxe
Linoleic (C,g,) 57.51
Linolinska kiselina / B
Linoleic (C,g,)
Zasiéena /
Saturated [
Nezasiéena / 87 4

Unsaturated

Buduci da je udio uzgoja ricinusa i suncokreta u
doti¢nom podrucju manji zbog neizvjesnosti uro-
da, ta se ulja ne uzimaju u obzir za proizvodnju
biodizela. Biodizel ulja pamukovog sjemena, so-
jinog ulja, ulja balanitesa i jatrofina ulja izraden
je i ispitan kako bi se ustanovile osobine i u¢inske
karakteristike u dizel motoru. Izracunat je trosak
proizvodnje biodizela s obzirom na trziSnu cijenu
ulja pamukovog sjemena, sojinog ulja, ulja balani-
tesa i jatrofina ulja (tablica 4 i tablica 9).

Sojino ulje / vy Ule Jatrofino ulje
L suncokreta/  balanitesa / o
Soybeanoil J° ) ) / Jatropha oil
Sunflower oil  Balanites oil
11,75 6,0 17 14,2
- - 4,3 1.4
3,15 3,0 7.8 6,9
23,26 17,0 32,4 43,1
55,53 74,0 31,3 34,4
6,31 - 7,2 -
14,9 26,0 24,8 211
85,1 74,0 75,2 78,9

*2002.:22-28 (2]
**2002.:1-212]
**% 2002.: 58 -59 [2]

Since the cultivation share of castor and sun-
flower in the said area is lower due to the uncer-
tainty of the yield, these oils are not considered
for biodiesel production. Biodiesels of cottonseed
oil, soybean oil, balanites oil and jatropha oil were
prepared and tested for properties and perfor-
mance analysis of a diesel engine. The costs of
making biodiesel, taking into account the market
prices for cottonseed oil, soybean oil, balanites oil
and jatropha oil, are calculated (Tables 4 and 5).
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Tablica 4 - Tro$ak biodizela proizvedenog iz razlicitih ulja s obzirom na trZi$nu cijenu ulja u rupijama [INR]
Table 4 - Costs of biodiesel produced from various oils, taking into account the market prices of oils in [INR]

Pojedinosti / Perticulars

Troak ulja (90 % prinosa estera / yield of ester) /
Oil cost/L [INR/L]

Metanol / Methanol
Reagensi/ Reagents
Elektri¢na energija / Electricity
Progigéavanje / Purification

Radna snaga / Labor
Ukupno / Sub total

Dohodak od prodaje nusproizvoda (glicerola) /
Revenue from by-product (glicerol) sales

Sveukupno (troak minus dohodak po litri biodizela u rupijama /

(Total (cost less revenue)/ litre of biodiesel in [INR/L]

Sveukupno (trosak minus dohodak po litri biodizela /
Total (cost less revenue)/ litre of biodiesel [USD/L]

Soja/ Pamukovo sjeme/ Balanites/ Jatrofa/

Soyabean Cottonseed Balanites Jatropha
55,00 45,00 45,00 50,00
4,05 4,05 4,05 4,05
0,85 0,85 0,85 0,85
0,20 0,20 0,20 0,20
0,35 0,35 0,35 0,35
1,20 1,20 1,20 1,20
61,65 51,65 51,65 56,65
4,35 4,35 4,35 4,35
57,3 47,30 47,30 52,3
1,32 1,09 1,09 1,21

Tablica 5 - Prinos ulja po jutru za razne sorte uljnog sjemena u doti¢nom podrucju
Table 5 - Oil yields per acre for various oil seeds in the said area

Prinos ulja / Biodizel?/ Prinos BD-a u Uiutro / Jutra zemlje potrebna za
Kultura / Crop Oil yield Biodiesel (BD) BD vields L/“Jrc 80 000 | BD-a / Acres
[kg/hal [kg/hal RIS LEEE needed per 80 000 L of BD
Pamuk / Cotton 325 309 138 580
Soja / Soybean 446 424 188 426
Suncokret / Sunflower 952 904 401 200
Ricinus / Castor 1413 1342 596 134
Balanites / Balanites 1800 1710 760 106
Jatrofa* / Jatropha* 1892 1798 799 100

*jo$ nema izvjes¢a o sadnji iste u navedenom podrudju, a - za 95 % iskoristenja, b — pretpostavlja se 0,9 kg/L/
*No plantation reported yet in the said area, a - 95 % recovery, b - 0,9 kg/l assumed

POKUSI

Ova studija podijeljena je na tri dijela, kako slije-
di: prvo, esterifikacija, drugo, utvrdivanje svojsta-
va i trece, analiza radnog ucinka u motorima na
kompresiju i ubrizgavanje i isplativosti u ruralnom
podrudju.

Transesterifikacija

Najcesci derivati poljoprivrednog ulja za gorivo
jesu metilni esteri. Oni se formiraju transesterifi-
kacijom ulja s metanolom ili etanolom u prisutno-
sti nekog baznog katalizatora da bi se dobili metil-

ni ili etilni esteri i glicerol. U ovoj studiji koristi se

EXPERIMENTAL

The present study is divided into three basic parts:
esterification, property determination, perfor-
mance analysis of a Cl engine and feasibility in a
rural area.

Transesterification

The most common derivative of agricultural oil
for fuel is methyl esters. These are formed by the
transesterification of the oil with methanol or et-
hanol in the presence of a base catalyst to yield
methyl or ethyl esters and glycerol. In the present
study, a simple alkaline transesterification pro-
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jednostavni postupak alkalne transesterifikacije
da bi se proizveo metilni ester od ulja pamukovog
sjemena, sojinog ulja i ulja balanitesa. Katalizator
koji se koristi u toj reakciji jest kalijev hidroksid
(KOH). Kemijska reakcija postupka transesterifi-
kacije [11] prikazana je pomoc¢u donjih triju kon-
sekutivnih i reverzibilnih jednadzbi:

cess as discussed in [tobacco] is used to prepare
methyl ester from cottonseed oil, soybean oil and
balanites oil. The catalyst used in the reaction is
potassium hydroxide (KOH). The chemical reac-
tion of the transesterification process [11] is re-
presented by the three consecutive and reversible
equations below:

Triglyceride + ROH 224 Diglyceride + R'COOR

Diglyceride + ROH <== Monoglyceride + R"COOR

Monoglyceride + ROH <= Glycerol + R" COOR

Triglicerid + ROH 2222 Diglicerid + R COOR

Diglicerid + ROH 2222 Monoglicerid + R'COOR

Monoglicerid + ROH == Glicerol + R* COOR

Utvrdivanje gorivih svojstava estera i
dizela

Metilni ester ulja pamukovog sjemena (CSOME),
metilni ester sojinog ulja (SOME), metilni ester ja-
trofina ulja (JOME) i metilni ester ulja balanitesa
(BOME) ispituju se kako bi se ustanovile njihove
ucinske i emisijske karakteristike u Cetverotak-
tnom dizel motoru s jednim cilindrom i to uspo-
redilo sa standardnim podacima za dizel gorivo.
Gustoca razlicitih goriva mjerila se pomocu boce
za odredivanje specificne tezine. Kinematicka vi-
skoznost mjerila se pomocu Redwoodovog visko-
zimetra broj 1. Kalori¢na vrijednost i paliste mjerili
su se pomocu kalorimetrijske bombe, odnosno
Pensky-Martensovog uredaja za odredivanje tem-
perature paljenja u zatvorenoj posudi. Dean-Star-
kov aparat koristen je za mjerenje sadrzaja vode.
Sadrzaj koksa mjeren je Conradsonovim ispitiva-
¢em udjela ugljika. Za mjerenje sadrzaja pepela u
lonac za taljenje stavljen je uzorak goriva od 10 g
i grijan na 600 °C u Muffleovoj pedi u trajanju od
dva sata. Pepeo koji se formirao nakon grijanja i
izgaranja vagan je da bi se utvrdio sadrzaj pepela
u gorivu. Uredaj za odredivanje stinista koriSten
je za mjerenje stinista razli¢itih goriva. U tablici 6
prikazana su razna svojstva utvrdena za estere i
dizel.

Analiza uc¢inka motora

S obzirom na specifi¢ne znacajke dizel motora, tj
jedan cilindar, konstantan broj okretaja

(1 500 o/min), vodeno hladenje, direktno ubrizga-
vanje uz nominalnu snagu od 3,7 kW, za ovo istra-
Zivanje odabran je motor na kompresiju i ubrizga-

vanje koji je u Sirokoj uporabi u poljoprivrednom

Determination of the fuel properties of
esters and diesel

Cottonseed oil methyl ester (CSOME), soybean
oil methyl ester (SOME), jatropha oil methyl ester
(JOME) and balanites oil methyl ester (BOME)
were studied for the performance and emission
characteristics of a single-cylinder four-stroke
diesel engine and compared with baseline data
for diesel fuel. The densities of the fuels were me-
asured using a relative density bottle. Kinematic
viscosity was measured using a No. 1 Redwood
viscometer. Calorific value and flash point were
measured using a bomb calorimeter and Pen-
sky-Martens closed cup flash point apparatus,
respectively. A Dean & Stark apparatus was used
to measure water content. Carbon residue was
measured using a Conradson carbon residue te-
ster. To measure ash content, a 10 g sample of fuel
was taken in a crucible and heated at 600 °C in a
Muffle furnace for 2 h. The ash formed after he-
ating and combustion was weighed to determine
the ash content of the fuel. A pour point apparatus
was used to measure the pour points of the vario-
us fuels. Table 6 presents the properties determi-
ned for the esters and diesel.

Engine performance analysis

Considering the specific features of a diesel engi-
ne, i.e. single cylinder, constant speed (1 500 rpm),
water cooled and direct injection with a rated out-
put of 3,7 kW, a ClI engine that is widely used in
the agricultural sector was selected for this inve-
stigation. The engine was coupled to an electrical
generator. The major pollutants in the exhaust of
a diesel engine are smoke and nitrogen oxides. A
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sektoru. Motor je spojen s agregatom. Glavni za-
gadivadi u ispuhu dizel motora jesu dim i dusicni
oksidi. Nissan-Boschov mjera¢ dima koristen je za
mjerenje gustoce ispusnog dima iz dizel motora.

Motor je radio najprije na dizel, potom na metilne
estere biljnih ulja. Ucinski podaci analizirani su
zatim temeljem grafickih prikaza toplinske ucin-
kovitosti, omjera potrosnje goriva i proizvedene
snage, te gustoce dima za sva goriva.

Prinos ulja za razlicite kulture u doticnom
podrucju

Sto se tice uljnog prinosa pamuka, ricinusa, sun-
cokreta i balanitesa, provedeno je detaljno ispiti-
vanje u doticnom podrudju te je u svrhu proracuna
razmatran prosjecan prinos u posljednje tri go-
dine, pri ¢emu su podaci o prinosu jatrofina ulja
preuzeti iz dostupne literature.

REZULTATI | RASPRAVA

Transesterifikacija:

lzvedena transesterifikacijska reakcija pokazuje
da, kad molarni omjer metanola i ulja iznosi oko
6:1 uz 1 do 1,25 teZinskog postotka katalizatora
KOH, dobiva se prinos estera veéi od 95 %: bilanca
mase za transesterifikaciju izvedenu za sva tri ulja
na prosjecnoj osnovi dana je u donjoj jednadzbi:

Nissan Bosch smoke meter was used to measure
the smoke density of the exhaust from the diesel
engine.

The engine was first operated on diesel and then
on vegetable oil methyl esters. The performance
data were analyzed from graphs recording the
thermal efficiency, brake-specific fuel consump-
tion and smoke density for all the fuels.

Oil yield for various crops in the region

To determine the oil yields of cotton, soybean, ca-
stor, sunflower and balanites, a detailed survey
was conducted in the said area and the average
yields of the last three years were used for calcu-
lation purposes. The jatropha oil yield was taken
from the available literature.

RESULTS AND DISCUSSION

Transesterification

The transesterification reaction performed shows
that methanol to oil in the molar ratio around 6:1
together with 1 wt % to 1,25 wt % of catalyst KOH
results in an ester yield of over 95 %. The avera-
ge mass balance for the transesterification of all
three oils is given in the equation below:

100 kg ulja + 20 kg metanola + 1,5 kg KOH == 96 kg biodizela + 25 kg glicerina

100 kg oil + 20 kg methanol + 1,5 kg KOH

Svojstva estera:

Znacajna svojstva estera CSOME, SOME, JOME i
BOME u usporedbi s dizelom prikazana su u ta-
blici 6. Svojstva metilnih estera sojinog ulja, ulja
pamukovog sjemena i ulja balantinesa posve su
usporediva s dizelom.

— 96 kg biodiesel + 25 kg glycerine

Properties of esters:

The important properties of CSOME, SOME, JOME
and BOME in comparison to diesel are given in Ta-
ble 6. The properties of the methyl esters of CSO,
S0 and CBO are quite comparable to diesel.
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Tablica 6 - Fizikalno-kemijska svojstva razlicitih metilnih estera
Table 6 - Physico-chemical properties of various methyl esters

Svojstvo / Property CSOME
Gustoéa / Density, [kg/m?] 882!
Viskoznost® / Viscosity”, Cst [mm?/s] 4,0
Kalori¢na vrijednost / Calorific value [MJ/kg] 40,32
Kiselost / Acid value [mgKOH/g] 0,32
PaliSte / Flash point [°C] 70°
Stinidte / Pour point [°C] -3
SadrZaj vode / Water content [%] 0,03
Sadrzaj pepela / Ash content [%] 0,02
Ostatak koksa / Carbon residue [%] 0,1

a - mjereno pri 40 °C

SOME JOME BOME Dizel / Diesel

885 879 860 850
4,082 4,4 3,98 2,60
39,76 39,85 39,65 43,5

0,15 0,28 0,34 -

145% 163 75 52
-16° -10 =23 =17

0,04 0,02 0,04 =
0,012 0,014 0,017 0,01

0,17 0.1 0,19 0,15

1-873 (2001); 2 - (3,05 - 4,08); 3 - 110 (2001); 4 — (141 - 171) (2001); 5 - (~4); 6 - [(~3) - (~1)] (2001); 7 - 0,3 (2001)

Analiza ucinka i emisije motora:

Pokusi na motoru obavljeni su uz razliCita opte-
recenja. Variranje razli¢itih parametara motora i
emisije graficki je prikazano u odnosu na primije-
njeno opterecenje u kW.

Omjer potrosnje goriva i proizvedene snage
(BSFC)
Variranje omjera potrosnje goriva i proizvedene
snage s primijenjenim opterecenjem za razlici-
te estere prikazano je na slici 2. Trendovi su po-
sve sli¢ni za sva goriva. Omjer potrosnje goriva i
proizvedene snage (BSFC - Brake-Specific Fuel
Consumption) za sve je metilne estere malo visi
nego kod dizela u odnosu na primijenjeno optere-
¢enje. To je zbog Cinjenice Sto esteri imaju manju
kalori¢nu vrijednost u usporedbi s dizelom i stoga
treba nesto malo viSe goriva na bazi estera da bi
se odrzala snaga.

Performance and emission analysis on an
engine:

Engine experiments were conducted at various
loads. The variation of the engine and emission
parameters is plotted against the applied load in
kW.

Brake-specific fuel consumption (BSFC)
Variations in brake-specific fuel consumption with
applied load for various esters are shown in Figure
2. The trends are quite similar for all the fuels. The
brake-specific fuel consumption for all the methyl
esters is slightly higher than diesel, correspon-
ding to the applied load. This is due to the fact that
the esters have lower calorific values than diesel.
Therefore, slightly more ester-based fuel is nee-
ded to maintain power.

[gkWh]
1,20
§ 1,00
5
5
B 080
2
i
@ 0,60
.% 5
=1
g.a
o
g 2
E
&
0,00 i '
0,00 0,50 1,00 1,50

BOME - Metini estor ulp balantinesa / Salant
CSOME — Meshi ester Ul pamu j

SOME - Metihi ester sojinog ulls
JOME - Metin ester jitrofna Lia

2,00 2,50 3.00 3,50

——BOME —a— CSOME —a— SOME —e—Diesel —w— JOME

4,00 kW]

Opteretenje / Load

Slika 2 — Variranje BSFC-a s primijenjenim opterecenjem za razlicite estere
Figure 2 — Variation of BSFC with applied load for various esters
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Omijer izlaza ko¢ne snage i ulaza snage
(BTE)
Variranje omjera izlaza kocne snage i ulaza snage
(BTE - Brake Thermal Efficiency) s opterecenjem
za CSOME, SOME, BOME, JOME i dizel prikazano
je naslici 3. BTE jednog motora ovisi o viSe fakto-
ra osim toplinske vrijednosti, a specificna tezina
odredenog goriva igra znacajnu ulogu u pobolj-
sanju tog omjera. BTE ima tendenciju porasta s
porastom primijenjenog opterecenja. Na slici se
jasno vidi da je do 20 % opterecenja BTE dizela i
raznih estera isti, no kako se opterecenje poveca-
va, krivulje BTE svrstavaju se prema donjoj strani.
Glavni razlog nizeg BTE-a u slucaju estera jest
porast potrosnje goriva i njegova niza kalori¢na
vrijednost u usporedbi s dizelom. Maksimalni BTE
od 27,12 % uocava se na opterecenju od 80 % za
estere, $to je 3,45 % manje nego kod dizela u istim
uvjetima opterecenja. No, u cjelini esteri se pona-
Saju sli¢no kao i dizel gorivo.

0,00 0,50 1,00 1,50

BOME - Motini estor ujs balininesa [ S=lants
CSOME - Methiester ufs pamuks
SOME - Metini sster soog ule /5
JOME - Metini ewie- jptofina uja /

2,00 2,50 3,00 350

Brake Thermal Efficiency (BTE)

Variations in brake thermal efficiency (BTE) with
load for CSOME, SOME, BOME, JOME and diesel
are shown in Figure 3. The brake thermal effici-
ency of an engine depends on a number of factors
but the heating value and specific gravity of a par-
ticular fuel play an important role in improving it.
The BTE has a tendency to increase with an incre-
ase in the applied load. It can be clearly seen from
the figure that at up to 20 % load conditions the
BTEs of diesel and various esters are the same
but as the load increases the brake thermal effici-
ency curves diversify toward the lower side. A pro-
minent reason for lower BTE in the case of esters
is the increase in fuel consumption and its lower
calorific value in comparison to diesel. The maxi-
mum BTE of 27,12 % is observed at a load of 80 %
for esters, which is 3,45 % lower than that of diesel
for the same load conditions. However, overall the
esters behave similarly to diesel fuel.

—+—BOME —a— CSOME —a— SOME —e—Diesel —s— JOME

4,00 kW]

Opleredenie  Load

Slika 3 — Variranje BTE-a s primijenjenim opterecenjem za razli¢ite estere

Figure 3

Dim
Dim iz motora funkcija je opterecenja motora. Na
slici 4 vidljivo je da u istim uvjetima opterecenja
esteri proizvode manje dima od dizela. Razlog je
tome prisutnost molekula kisika u lancu estera,
Sto pojacava ukupno izgaranje u usporedbi s di-
zelom.

Iz gornjih je rezultata posve jasno da esteri biljnih
ulja mogu zamijeniti dizel kao gorivo.

Variation of BTE with applied load for various esters

Smoke
The smoke from an engine is a function of the en-
gine load. From Figure 4, it can be seen that esters
produce less smoke than diesel for the same load
conditions. This is due to the presence of oxygen
molecules in the esters chain, which enhances its
complete combustion as compared to diesel.

From the above results, it is very clear that esters
of vegetable oils can replace diesel as fuel.
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Slika 4 — Emisija dima u usporedbi s primijenjenim opterecenjem za razlicite estere
Figure 4 — Smoke emission in comparison to applied loads for various esters

Trosak ulja i koristenje zemlje radi zado-
voljenja potreba sela za dizelom

U tablici 4 prikazan je trosak raznih metilnih este-
ra proizvedenih prema trzinoj cijeni ulja koja se
mogu nabaviti u Indiji. TroSak biljnih ulja nesto
je veci od dizela zbog rascjepkanosti trzista bilj-
nih ulja. Potrebe za zemljistem kako bi se 100 %
ispunile potrebe za energijom dane su u tablici 5
zajedno s buducim povecanjem potreba za istom
povrsinom, te procentualno koristenje zemlje gra-
ficki prikazano na slici 5 pokazuje da su potrebe za
zemljom za razlicite kulture uljarica razliCite, i to
najvece za pamuk, a najmanje za jatrofu. Premda
su potrebe za zemljom pamuka, soje i balanite-
sa vece, te nam kulture daju jednako vazne nu-
sproizvode, pa je ukupna cijena ulja za iste nesto
manja u usporedbi s jatrofom koja se sadi samo
zbog ulja.

[#]
20 -

Oil cost and land utilization to meet vil-
lage biodiesel demand

Table 4 shows the cost of various methyl esters
produced as per the market price of the oils avai-
lable in India. The cost of vegetable oils is slightly
higher than diesel because of the fragmented na-
ture of the vegetable oil market. The land requ-
ired to meet 100 % of the energy requirement is
given in Table 5 along with the future increase
in demand for the same area. The percentage of
land utilization plotted in Figure 5 shows the land
required for various oil crops varies, the most for
cotton and the least for jatropha. Although more
land is required for cotton, soybean and balanites,
these crops give us important by-products and
hence their total oil cost is somewhat lower than
for jatropha, which is planted only for the oil.
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Slika 5 — Potrebe za poljoprivrednim zemljiStem u odnosu na postotak zadovoljene potrebe za gorivom
Figure 5 — Agricultural land required against the % fuel requirement met
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ZAKLJUCCI

Rezultati analize u ovom prilogu navode na za-
klju¢ak da esteri biljnih ulja dobiveni od lokalno
uzgajanih uljarica u ruralnom podrucju mogu
zamijeniti naftni dizel primjenom jednostavne
tehnologije. Odabir ulja za proizvodnju biodizela
ovisi 0 raspolozivosti i prinosu uljarica u doticnom
podrucju. Cijena proizvedenog biodizela iznosi oko
1,17 USD, $to iznosi vise od 0,85 USD koliko sto-
ji dizel. Potrebe za zemljom viSe su za pamuk u
usporedbi s drugim uljaricama, no kako je pamuk
znacajna kultura u doti¢nom podrucju i uzgaja se
uglavnom radi pamucnog vlakna, uzima se u ob-
zir kao uljarica od interesa za ovo podrucje. Ima,
medutim, znacajnih koristi od biodizela, koje se ne
smiju ispustiti iz vida. Biodizel se moZe smatrati
klimatski neutralnim, jer uglji¢ni dioksid koji se
oslobada u izgaranju prethodno se odvaja tijekom
uzgoja kulture. Isto je tako znacajna lokalna gos-
podarska djelatnost temeljena na uzgoju i obradi.

CONCLUSIONS

The results of the analyses presented in this paper
demonstrate that esters of vegetable oils from lo-
cally grown oil crops in the rural region can be su-
bstituted for petroleum-based diesel using simple
technology. The selection of the oil for biodiesel
preparation depends on the availability and yield
of the oil crops in the region of interest. The price
of the biodiesel produced is about 1,17 USD, which
is higher than 0,85 USD for diesel. More land is
required for cotton than for the other oil yielding
crops. However, since cotton is the major crop in
the given region and is cultivated mainly for the
cotton fiber, it is considered to be the oil of interest
for this region. Nonetheless, there are important
benefits from biodiesel that should not be overlo-
oked. Biodiesel can be considered climate neutral
because the carbon dioxide released during com-
bustion was sequestered previously during crop
growth. The local economic activity resulting from
local growth and processing is important as well.
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REGULACIJA KVALITETE
OPSKRBE ELEKTRICNOM
ENERGIJOM KAO NUZNA

FUNKCIJA REGULACIJE
MONOPOLNIH DJELATNOSTI
REGULATION OF ELECTRICITY
SUPPLY QUALITY AS A
NECESSARY FUNCTION IN THE
REGULATION OF MONOPOLY
SERVICES

Ivona Stritof - Slavko Krajcar, Zagreb, Hrvatska

U clanku se analiziraju nedostaci regulacije cijena usluga kao funkcije regulacije
monopolne djelatnosti distribucije elektricne energije koja ne ukljucuje regulaciju
kvalitete opskrbe elektricnom energijom. Nadalje, analizira se koncepcijski model

uvodenja regulacije kvalitete opskrbe elektricnom energijom s posebnim osvrtom na
pouzdanost opskrbe kao najznacajnije podrucje regulacije kvalitete opskrbe elektricnom
energijom. Razvoj regulacije pouzdanosti opskrbe u konac¢nici omogucava uvodenje
integralnog modela regulacije cijene usluga i kvalitete opskrbe elektricnom energijom.

U clanku se takoder daje prikaz iskustava madarskog regulatornog tijela u sustavnom
uvodenju regulacije cijena usluga te integriranju kvalitete opskrbe u model regulacije
cijene usluga.

The article analyzes the shortcomings of price regulation as a function in the regulation of
the monopoly activity of electricity distribution

that does not include the quality regulation of electricity supply. Also analyzed is a
conceptual model for launching an electricity supply quality regulation system with special
emphasis on the reliability of supply as the crucial aspect of supply quality regulation.
Developing the continuity of supply regulation will ultimately facilitate the introduction of
an integrated regulation model comprising electricity price and electricity supply quality.
The article also describes the experiences of the Hungarian regulatory authority in step-
by-step introduction of price regulation and in integration of supply quality into the price
regulation model.

Kljucne rijeci: distribucija elektri¢ne energije; regulacija cijene usluga; regulacija
kvalitete opskrbe; regulirani subjekt

Keywords: electricity distribution; price regulation; supply quality regulation;
regulated undertaking
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uvoD

Za razliku od klasi¢ne regulacije cijena usluga
stopom povrata (engl. Rate of Return - RoR ili
Cost plus regulation), koja je u mnogim sluca-
jevima rezultirala prekomjernim troSkovima, tj.
prekomjernim investiranjem, poticajna regulacija
cijena usluga nastoji smanijiti troSkove poslovanja
i povecati ucinkovitost reguliranih subjekata [1].
Poticajna regulacija pocela se primjenjivati kao
odgovor na nedostatke klasi¢ne metode regulacije
cijena usluga monopolnih djelatnosti, a posebice
naknade za koristenje distribucijske mreze.

Razvojem naprednih metoda regulacije cijena
usluga (slika 1) uocavaju se i njihovi nedostaci.
Prije svega to se odnosi na primjenu CPI-X indek-
sa (CPI - engl. Consumer Price Index, X - faktor
ucinkovitosti) kojim se nastoji povecati u¢inkovitost
reguliranih subjekata. Naime, inzistiranje regula-
tornih tijela na smanjenju troskova reguliranih
subjekata povecanjem ucinkovitosti poslovanja u
duljem vremenskom razdoblju u mnogim slucaje-
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INTRODUCTION

Unlike the conventional price regulation through
the rate of return (RoR) method, which in many
cases has resulted in excessive costs and inves-
tment, the incentive price regulation strives to re-
duce operating costs and increase the efficiency
of regulated undertakings [1]. The incentive regu-
lation came into use as a response to the defects
of the conventional method of price regulation of
the services provided by monopoly enterprises,
especially with regard to the distribution network
usage fees.

With the development of advanced price regu-
lation methods (Figure 1) their weakness were
also becoming manifest. This applies first of all
the use of the CPI-X Index (CPI- Consumer Price
Index, X - Efficiency Factor) with which the effici-
ency of regulated undertakings is to be improved.
Namely, the insistence of the regulatory authori-
ties that regulated undertakings should cut back
on their costs by raising their business efficiency
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Slika 1 — Razvoj metoda regulacija cijena usluga u EU-15 i Norveskoj |21, 13]
Figure 1 — Development of price regulation methods in the EU-15 and Norway [2], [3]
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vima primjene poticajnih metoda regulacije dove-
lo je do smanjenja kvalitete opskrbe elektricnom
energijom (dalje u tekstu: kvaliteta opskrbe). Sto-
ga se regulacija kvalitete opskrbe nametnula i kao
posljedica uvodenja poticajne regulacije cijena.
Poglavito je to izraZeno u drzavama koje su priva-
tizirale tvrtke za distribuciju elektricne energije, a
da prije toga nisu ustrojile funkcionalna regulator-
na tijela i nisu razvila cjelovite modele regulacije
cijene usluga i kvalitete opskrbe (npr. Madarska)
(tablica 1). Ujedno je to i razlog Sto se u Clanku,
kao primjer razvoja i primjene integralnog modela
regulacije cijene usluga i kvalitete opskrbe, koristi
iskustvo madarskog regulatornog tijela (mad. Ma-
gyar Energia Hivatal, MEH).

Regulatorna tijela koja su naknadno pocela s uvo-
denjem poticajne regulacije cijena usluga, nakon
Sto su ve¢ uoCeni moguci nedostaci poticajne
regulacije cijene usluga, paralelno su razvijala
i regulatorni sustav pracenja kvalitete opskrbe.
Na taj nacin moguce je ve¢ nakon prvog, odnosno
najkasnije drugog, regulatornog razdoblja (3 do 5
godina) uvesti integralni sustav regulacije cijena
usluga i kvalitete opskrbe. No, valja kazati da je
njegovo uvodenje i razvoj sloZzen i dugotrajan pro-
ces. Ovakav integralni sustav specifican je za dje-
latnost distribucije elektricne energije.

over a longer period of time has led in many ca-
ses of practiced incentive regulation methods to a
diminishing electricity supply quality (hereinafter:
supply quality). Thus the supply quality regulation
is also a result of introducing the incentive price
regulation. It is primarily noticeable in the countri-
es that have privatized the electricity distribution
companies without having previously established
functioning regulatory authorities and developed
comprehensive price and supply quality regulati-
on models (Hungary, for instance) (Table 1). At the
same time, this is the reason why as an example
of the development and application of an integra-
ted price and supply quality regulation model the
experience of the Hungarian regulatory authority
Magyar Energia Hivatal, MEH) is used in the pre-
sent article.

The regulatory authorities which started intro-
ducing the incentive price regulation at a later
date, once potential weaknesses of such regu-
lation became visible, have been simultaneously
developing a supply quality monitoring system. In
this way it is possible, as early as after the first
or after the second regulatory period (3-5 years)
at the latest, to introduce an integrated regulation
system covering prices and supply quality. It sho-
uld be noted, however, that its introduction and
development is a complex and long process. Such
an integrated system is specific to the electricity
distribution sector.

Tablica 1 - Kronoloski razvoj regulatornih funkcija u Madarskoj u odnosu na druge procese vezane uz liberalizaciju i

privatizaciju

Table 1 - History of regulatory functions in Hungary in relation to other liberalization and privatization processes

Razdoblje / Period  Aktivnost / Activity

1994. Osnovano regulatorno tijelo / Regulatory authority established

1995.-1997. Privatizacija elektroenergetskog sektora / Privatization of electricity sector

1995. Pocletak pracenja kvalitete opskrbe / Supply quality monitoring launched

1996. Donesena Direktiva 96/92/EZ / Directive 96/92/EC adopted

1997.-200. Prvo regulatorno razdoblje / First regulatory period

2001.- 2004. Drugo regulatorno razdoblje / Second regulatory period
Donesena Direktiva 2003/54/EZ / Directive 2003/54/EC adopted

2003. Otvaranje madarskog trzista elektricnom energijom / Opening of the Hungarian
electricity market

2005.- 2008. Tree regulatorno razdoblje / Third regulatory period
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OSNOVNE ZNACAJKE | NE-
DOSTACI METODA REGULACI-
JE CIJENE USLUGA

Metoda regulacije stopom povrata

Osnovna je znaCajka metode regulacije stopom
povrata da regulatorno tijelo utvrduje odredenu
stopu povrata na investirani kapital koja ¢e regu-
liranom subjektu omoguditi pokrivanje troskova
koji se javljaju pri obavljanju energetske djelatno-
sti kao i ukljuciti odgovarajuéi povrat na uloZenu
imovinu [1]. Regulatorno razdoblje, odnosno raz-
doblje za koje se odreduje trosak usluge regulira-
nog subjekta, u pravilu se uzima kao jedna kalen-
darska godina za koju regulatorno tijelo definira
sve potrebne elemente RoR regulacije. Potom se
radi njihova revizija i odreduju elementi za idu¢u
godinu.

Regulacija stopom povrata dozvoljava subjek-
tu koji obavlja mreznu djelatnost pokrivanje svih
operativnih troskova kao i troSkova kapitala kroz
stopu povrata na imovinu. Zadaca je pak regula-
tornog tijela da ocijeni opravdanost tih troskova.
Primjena ove metode podrazumijeva da regula-
torno tijelo duboko i detaljno poznaje poslovanje
subjekta (vidi primjer SAD-a [1]).

Standardna formula za izracun godiSnjeg prihoda
subjekta za ciljanu stopu povrata, uzimajuci u ob-

DP, =OT,+ 4,+ PR, +(RO,-SP),

zir planske i/ili povijesne troSkove poslovanja, je:
gdje je:

DP - dozvoljeni prihod u razdoblju z+1,

OT, - operativni troSkovi u razdoblju ¢,

A, - troSak amortizacije u razdoblju ¢,

PR, - trosak placanja poreza u razdoblju ¢,

PO, - regulatorna osnovica (obuhvaca imovinu
reguliranog subjekta u razdoblju ¢) i

SP - stopa povrata u razdoblju «.

Regulacija stopom povrata pokazala se kao dobar
model regulacije u pocetku njene primjene. No,
tijekom vremena pojavili su se nedostaci i manj-
kavosti. Kada se govori o nedostacima, prije svega
se misli na:

— nedostatak poticaja za smanjenje troskova,

— nedostatak poticaja za poboljSavanje ucinkovi-
tosti poslovanja i

Krajcar, S., Stritof, 1., Regulacija kvalitete opskrbe elektricnom energijom

BASIC FEATURES AND
SHORTCOMINGS OF THE
PRICE REGULATION METHODS

RoR regulation method

The basic feature of the rate of return regulation
method is that the regulatory authority determi-
nes a certain rate of return for invested capital that
will enable the regulated undertaking to cover the
cost incurred in the provision of energy service, as
well as include an appropriate return on invested
assets [1]. The regulatory period, i.e., the period
for which service cost of the regulated underta-
king is defined, is normally one calendar year for
which the regulatory authority defines all required
RoR regulation elements. After that the elements
are reviewed and defined for the next year.

The RoR regulation allows the network service
provider to cover all operating and capital costs
through the rate of return on assets. The task of
the regulatory authority is to assess if these co-
sts are justified. The application of this method
presupposes that the regulatory authority has a
detailed and in-depth knowledge of the regulated
undertaking’s operation (see U.S. example [1]).

The standard formula for calculating the regula-
ted undertaking’s annual income for a target rate
of return, taking into account the planning and/or

historical operating costs, is as follows:

where:

DP_, - approved income in the period ¢+1,

OT, - operating costs in the period ¢,

A4, - depreciable cost in the period ¢,

PR, - taxation cost in the period 7,

PO, - regulatory asset base (comprising the re-
gulated undertaking’s assets in the peri-
od¢), and

SP, - rate of return in the period «.

The RoR regulation proved to be a good regulation
model at the beginning of its application. However,
with the passage of time some of its defects and we-
aknesses have surfaced, first of all the following:

— lack of incentive for price reduction,
— lack of incentive for improving business effici-
ency, and
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— visok trosak regulacije.

Nedostatak poticaja za smanjenje troSkova
klju¢an je problem regulacije stopom povrata,
buduci da su regulirane cijene usluga izravno
povezane s pojedinacnim troSkovima svakog
reguliranog subjekta. Ukoliko regulirani subjekt
ostvaruje sve vece i vece troskove, dozvolit ¢e mu
se podizanje cijena usluge u skladu s porastom
troSkova. Takoder, ako vise investira povecava
mu se i regulatorna osnovica, Sto nadalje utjeCe
na povecanje cijene usluge.

Ovakvo ponasanje je u suprotnosti s onim koje
bi vladalo na potpuno konkurentnom trzZistu, na
kojem nepotrebni troskovi i ulaganja uvijek za
rezultat imaju smanjenje dobiti trziSnog sudioni-
ka. Na konkurentnim trziStima trziste je to koje
diktira cijene, a ne pojedinacni subjekti. Stoga
su, opcenito govoredi, profit i troSkovi obrnuto
proporcionalni. Kada se troskovi tvrtke poveca-
ju, a cijene ostaju iste, profit se smanjuje. Ova je
veza snazan poticaj konkurentskim tvrtkama da
smanje troskove. Za regulirane je subjekte veza
izmedu troskova i zarade proporcionalna, ¢ime
se smanjuje poticaj za smanjenje troskova. Sto
regulatorno tijelo dozvoli vece troSkove, subjekt
¢e modi kupcima zaracunavati viSe cijene svojih
usluga.

Nedostatak poticaja za poboljSavanje ucinkovito-
sti poslovanja leZi i u nepostojanju konkurencije.
Ovaj se stav Cesto zasniva na misljenju da ce se
profit od neuobicajeno uspjesnih inovacija ogra-
ni¢iti regulacijom, a dionicari ¢e biti prisiljeni
snositi posljedice neuspjesnih inovacija, narocito
ako se utvrdi da investicija nije koristena i kori-
sna. Stoga uprava reguliranog subjekta ne pri-
hvaca lako inovacije, pogotovo ako uoci nedosta-
tak simetrije izmedu rizika i eventualnih nagrada
za takve poslovne pothvate.

Visok trosak regulacije daljnji je nedostatak re-
gulacije stopom povrata. Buduci da je regulator-
no razdoblje jedna godina, primjena ove metode
zahtijeva ucestale revizije troSkova i cijena uslu-
ga Sto zahtijeva zaposljavanje viSe strucnjaka za
kontrolu troskova usluge reguliranog subjekta i
kod regulatornog tijela i kod reguliranih subje-
kata. Ovakav pristup moZe izazvati situaciju u
kojoj su troSkovi regulacije veci od koristi koja bi
trebala proizadiiz regulacije. U uvjetima u kojima
postoji trziSno natjecanje, veliki bi dio tog troska
i truda bio nepotreban, s obzirom da bi kupce
stitila nevidljiva ruka konkurencije, a ne vidljiva
ruka regulatornog tijela.

Zbog navedenih problema u primjeni metode
regulacije stopom povrata, regulatorna tijela su
s ciljem obavljanja kvalitetnije i ucinkovitije re-
gulacije, posebice u smislu povecanja ucinkovi-
tosti reguliranih subjekata, pocela uvoditi nove,

— high cost of regulation.

Lack of incentive for price reduction is the key pro-
blem of the RoR regulation, because regulated pri-
ces are directly linked to the individual costs of each
regulated undertaking. If a requlated undertaking is
incurring increasing costs, it will be allowed to raise
its prices in proportion to cost increase. Likewise,
the more the undertaking invests, the higher its re-
gulatory asset base will be, which in turn impacts
the price increase.

Such a behavior is opposed to the one prevailing on
a fully competitive market where unnecessary costs
and investments always result in shrinking profits
of the market participant concerned. On competiti-
ve markets it is the market that determines prices,
not individual companies. For that reason, generally
speaking, profit and cost are inversely proportional.
When corporate costs rise and prices remain the
same, profit will decline. This linkage is a powerful
incentive to competitive enterprises to cut back on
costs. For the regulated undertakings this linkage
is proportional, whereby the incentive to cut back on
costs is weakened. The higher the costs approved
by the regulatory authority, the higher the prices
that the regulated undertaking will be able to char-
ge to its customers.

The lack of incentive for improving business effi-
ciency also stems from non-existent competition.
This attitude is often based on the notion that pro-
fits from exceptionally successful innovations will
be limited by regulation and that stakeholders will
be forced to bear the consequences of unsuccessful
innovations, especially if found that an investment
has not been used and useful. That is why the ma-
nagement of the regulated undertaking is quite re-
luctant to accept innovations, especially if a lack of
symmetry is seen between the risk taken and the
reward, if any, for such business ventures.

The high cost of regulation is another weakness
of the RoR regulation. As the regulatory period is
one year, the application of this method requires
repeated cost and price auditing and employment
of more experts to control the costs of the regulated
undertaking's services at both ends, the regulatory
authority and the regulated undertaking. Such an
approach may lead to a situation where the regula-
tion costs exceed the expected benefits of regulati-
on. In the conditions of market competition a great
part of this cost and effort would be unnecessary,
because customers would be protected by the invi-
sible hand of competition, not the visible hand of the
regulatory authority.

Due to the mentioned problems encountered in the
application of the RoR regulation method, the regu-
latory authorities, with a view to ensuring better and
more efficient regulation, especially in respect of
improved efficiency of the regulated undertakings,
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sloZenije metode regulacije cijena usluga. Uvo-
denjem poticajne regulacije nastojalo se otkloniti
nedostatke koji su specifi¢ni za regulaciju stopom
povrata.

Metode poticajne regulacije

U nacelu svaka metoda kojom se nastoji izbjedi
navedene probleme regulacije stopom povrata
predstavlja odredeni oblik poticajne regulacije.
Poticajna je regulacija ona regulacija koja reguli-
ranim subjektima omoguduje porast profita ostva-
renog kroz snizavanje cijena, ali im istodobno na-
mece povecanje ucinkovitosti. Regulirani subjekti
najbolje poznaju mogucnosti smanjenja troskova,
a poticajna regulacija ih u tome stimulira. Za ove
metode regulacije specificno je da se osim utvr-
divanja dozvoljene pocetne razine prihoda uvodi i
dinamicki faktor korekcije cijena kojim se nastoji

povecati ucinkovitost, odnosno smanjiti troskove
tijekom regulatornog razdoblja.

Postoji nekoliko razli¢itih metoda poticajne regu-
lacije [1]. Jedna od najprimjenjivanijih je metoda
maksimalne cijene. Glavna je znacajka metode
maksimalne cijene da na pocetku svakog regu-
latornog razdoblja regulatorno tijelo odreduje
opravdanu razinu cijena. Cijena se u pojedinoj go-
dini regulatornog razdoblja korigira za primijenjeni
indeks i faktor ucinkovitosti X . Maksimalna cijena
za svaku godinu ¢ regulatornog razdoblja utvrduje
se na osnovi maksimalne cijene u prethodnoj go-

C,..=0+cpPI-Xx,)-C

max(1—1)

dini (¢-1) i to na osnovi sljedece formule:
gdje je:

- prodajna cijena u godini ¢,

max ¢

C ey~ Prodajna cijena u godini £ -1,

CPI. - indeks potrosackih cijena u godini¢,
X - faktor ucinkovitosti u godini ¢,

KC - faktor korekcije u godini ¢.

Prodajna se cijena, C,_ . moZe korigirati i za fak-
tor korekcije KC,. Faktor KC, predstavlja eksterne
dogadaje koji utjecu na poslovanje reguliranog
subjekta. Faktor X odrazava ocekivano godisnje
ciljano smanjenje ukupnih troskova i sli¢an je go-
diSnjem dugorocnom dobitku iz poveéanja ucinko-
vitosti. U pocetku se moZe odrediti kao nula, ako
drzava ili regulatorno tijelo ne Zele provoditi regu-
laciju koja ide ka poticanju ucinkovitosti.

CPI-X mehanizam daje mogucnost poticaja po-
vecavanjem ucinkovitosti regulirane djelatnosti
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set about introducing new, more complex method
of price regulation. The introduction of incentive
regulation was aimed to eliminate deficiencies
specific to RoR regulation.

Incentive regulation methods

In principle, any method designed to avoid the
mentioned problems of RoR regulation repre-
sents a certain form of incentive regulation. Incen-
tive regulation is one which enables the regulated
undertakings to increase profits through price de-
crease, but at the same time requires them to im-
prove efficiency. The regulated undertakings know
best how to reduce costs and incentive regulation
encourages them in this endeavor. A specificity of
these regulation methods is that apart from de-
termining the approved initial income level the
dynamic price correction factor is also introduced
with the intent to raise efficiency or to cut costs
during the regulatory period.

There are several different incentive regulation
methods [1]. The mostly used one is the Price
Cap Regulation. Its main feature is that at the be-
ginning of every regulatory period the regulatory
authority defines a justified price level. The pri-
ce in a particular year of the regulatory period is
corrected by the applied index and efficiency factor
X. Maximum price for each year ¢ of the regulatory
period is determined on the basis of the maximum
price in the previous year (¢ —1) by means of the

KC,, (2)

following formula:

where:
C... - price in year t,
max ()~ Priceinyears— 1,
CPI, - consumer price index in year ¢,
X - efficiency factorin year¢,
KC, - correction factor in year .

The price, C_ . can also be corrected by the
correction factor KC,. Factor KC, stands for exter-
nalevents which affect the regulated undertaking's
operation. Factor X reflects the expected annual
target reduction in total costs and is similar to
annual long-term gains from improved efficiency.
At the start it may be defined as zero, if the gover-
nment or the regulatory authority does not want
regulation aimed at enhancing efficiency.

The CPI-X mechanism offers an opportunity to
provide incentives through improved efficiency of
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Sto ima utjecaja na kupce na nacin da u dugom

roku dolazi do smanjivanja cijene usluga.

Ono sto je specificno za metodu regulacije maksi-
malnom cijenom je ¢injenica da regulirani subjekt
tijekom regulatornog razdoblja zadrzava za sebe,
u vecem ili manjem dijelu, sve uStede ostvarene
na osnovi smanjenja troskova i povecanja ucinko-
vitosti. Postoji, medutim, i mogucnost da se pre-
komjerni profit koji ostvari regulirani subjekt iznad
neke utvrdene stope dijeli s kupcima.

lako se poticajnom regulacijom nastojalo izbjedi
nedostatke klasi¢ne regulacije stopom povrata, u
praksi se pojavio novi niz :

— nedostatnost utvrdene cijene da pokrije uku-
pne troSkove reguliranog subjekta,

— suprotnost s drugim programima povecanja
ucinkovitosti,

— utvrdivanje optimalne duzine trajanja regula-
tornog razdoblja i

— smanjenje kvalitete opskrbe elektricnom
energijom na racun smanjenja troskova regu-
liranog subjekta.

Nedostatnost utvrdene cijene da pokrije ukupne
troskove reguliranog subjekta jest nedostatak koji
se javlja u slucaju u kojem zbog smanjene potros-
nje regulirani subjekt ostvaruje manje prihode od
planiranih, sto se odrazava na mogucnost pokri-
vanja troskova koji je odobrilo regulatorno tijelo, a
koji se nece ponovno odobriti u sljedecem regula-

cijskom razdoblju.

Suprotnost s drugim programima povecanja
u€inkovitosti

S obzirom da se primjenom metode regulacije
maksimalne cijene gornja granica postavlja na
cijenu usluga, reguliranom subjektu u interesu
je povedati koli¢inu isporucene energije kako bi
ostvario vece prihode, odnosno profite. Medu-
tim, u pojedinim drZzavama, osobito u SAD, javlja
se prepreka ovakvim razmisljanjima, Sto oteZava
uvodenje i primjenu ove metode. Naime, ovakvo je
razmisljanje u suprotnosti sa socijalnim i ekolos-
kim programima, odnosno programima povecanja
ucinkovitosti, kao Sto je to npr. program upravljanja
potraznjom (engl. Demand Side Management).

Utvrdivanje optimalne duzine trajanja regulator-
nog razdoblja

Utjecaj primjene regulacija maksimalne cijene
ovisi u velikoj mjeri o duljini regulatornog razdo-
blja. Uobicajeno je da to razdoblje traje izmedu 3
i 5 godina. Ako je, npr. to razdoblje dugo godinu
dana, izmedu regulacije maksimalne cijene i re-
gulacije stopom povrata nema znacajnih razlika.
Stoga, Sto je regulatorno razdoblje dulje, regulira-
ni subjekt ima viSe interesa da smanji troskove, s
obzirom da se profit, tj. prihod subjekta nece revi-

a regulated activity, which has an influence on cu-
stomers by way of leading in the long run to redu-
ced prices of services.

What is specific to the Price Cap Regulation met-
hod is the fact that during the regulatory period
the regulated undertaking keeps for itself, for a
greater or smaller part, all savings earned throu-
gh cost reduction and improved efficiency. There is
also a possibility, however, that a profit scored by
the regulated undertaking in excess of a defined
profit rate is shared with customers.

Although incentive regulation was designed to
avoid the shortcomings of the conventional rate
of return regulation, in practice a new series has
appeared:

— Inadequacy of the set price to cover the total
costs of the regulated undertaking,

— collision with other efficiency improvement
schemes,

— determining optimum duration of the regula-
tory period, and

— lower quality of electricity supply on account of
the regulated undertaking’s reduced costs.

The inadequacy of the set price to cover the total
costs of the regulated undertaking is a drawback
appearing when due to reduced consumption the
regulated undertaking earns less income than
planned, which affects its ability to cover the costs
the regulatory authority has approved and will not
approve again in the next regulation term.

Collision with other efficiency improvement
schemes

Since the application of the Price Cap Regulation
method sets the upper price limit, it is in the inte-
rest of the regulated undertaking to supply more
electricity in order to earn more income or higher
profits. However, in some countries, especially
USA, such reasoning encounters certain obstac-
les that hamper the introduction and application
of the method. The reason is that such line of
thinking collides with social and environmental as
well as efficiency improvement schemes, such as
the Demand Side Management.

Determining optimum duration of the regulatory
period

The impact of the Price Cap Regulation greatly
depends on the length of the regulatory period,
this being normally 3 to 5 years. If the term is one
year long, for example, there are no significant di-
fferences between the Price Cap Regulation and
the rate of return regulation. Therefore, the longer
the regulatory period, the more interested is the
regulated undertaking to cut back on costs, beca-
use the undertaking’s profit or income will not be
audited in the current year, instead the audit will
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dirati u tekucoj godini, ve¢ je revizija odgodena za
kraj regulatornog razdoblja. No, s druge pak stra-
ne predugacka regulatorna razdoblja omogucava-
ju stope prinosa puno vise od dozvoljenih, odnosno
opravdanih u smislu trzisnih uvjeta. Nadalje, kada
se koristi dugacko regulatorno razdoblje, kako se
priblizava vrijeme revizije, subjektu nije viSe u inte-
resu smanjivati troskove, ve¢ mu je interes prikazati
poslovanje kroz ostvarene visoke troSkove, buduci
da ¢e se prema njima uskladivati pocetna cijena
novog regulatornog razdoblja. Poticaji za smanje-
nje troskova najveci su ukoliko cijena na pocetku
novog regulatornog razdoblja ostaje nepromijenje-
na. U tom slucaju, reguliranom subjektu pripadaju
sve buduce ustede, pa ¢e se stoga potruditi da po-
veca profitabilnost smanjivanjem troskova.

Kao Cetvrti, a ujedno i najveci, nedostatak poticaj-
ne regulacije cijena usluga je ¢injenica da se na
racun povecanja ucinkovitosti reguliranog subjek-
ta moZe potaknuti regulirane subjekte da smanje
kvalitetu opskrbe na nacin da smanje troskove in-
vesticija, odrzavanja ili zaposlenika, a sve s ciljem
povecanja dobiti [4]. Dakle, primjena poticajne
regulacije dovela je do situacija u kojima kupci u
konacnici placaju manju cijenu usluga, ali u isto
vrijeme kvaliteta opskrbe elektri¢cnom energijom
nije na razini koja bi bila zadovoljavajuca niti s teh-
ni¢kog stajalista niti prihvatljiva kupcima. Stoga se
regulacija kvalitete opskrbe nametnula kao nuz-
nost i kao sastavni dio regulacije cijena usluga.

KVALITETA OPSKRBE
ELEKTRICNOM ENERGIJOM

Uvod

Prethodna analiza metoda regulacije cijena bez
regulacije kvalitete opskrbe elektri¢cnom ener-
gijom ukazala je na Cinjenicu da je paralelno re-
gulaciji cijene usluga nuzno regulirati i kvalitetu
opskrbe elektricnom energijom. Teorijska raz-
matranja i empirijske analize primjene regulacije
cijena usluga u drugim monopolistickim djelatno-
stima i sektorima potvrduju Cinjenicu da u sluca-
ju primjene metode poticajne regulacije (poznate
pod nazivom metoda maksimalne cijene) vode
ka smanjenju kvalitete monopolnih djelatnosti [5]
i [6]. Empirijske su analize uCinaka poticajne re-
gulacije na smanjenje kvalitete u elektroenerget-
skom sektoru vrlo rijetke [7], stoga su analiti¢ka
iskustva provedena u drugim sektorima, koji su
u ranijoj fazi liberalizirali svoja trzista ili su ranije
zapocela s konceptom regulacije i primjenom po-
ticajne regulacije, od znacenja i za analize u elek-
troenergetskom sektoru.

Za razliku od regulacije cijena usluga koja se sma-
tra jednodimenzionalnom funkcijom (ekonomski
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be deferred until the end of the regulatory period.
On the other hand, however, too long regulatory
periods give rise to rates of return much higher
than approved, or justified in the sense of market
conditions. Moreover, when a long regulatory pe-
riod is practiced, with the approach of the audit
time the undertaking is no longer interested to
reduce costs, it is interested to present its opera-
tions in the light of high costs incurred, because
it is according to them that the initial price of the
new regulatory period will be adjusted. The incen-
tives to reduce costs are the highest if the price
at the start of the new regulatory period remains
unchanged. In that case, all future savings belong
to the regulated undertaking, so it will endeavor to
raise profitability by slashing costs.

The fourth and worst defect of the incentive pri-
ce regulation is the fact that on account of higher
efficiency the regulated undertakings may be
prompted to lower the quality of electricity supply
by reducing investment, maintenance or labor
costs, all with a view to increasing their profits
[4]. Therefore, the use of incentive regulation has
brought about the kind of situations where at the
end of the day customers pay a smaller price of
services, but at the same time the quality of elec-
tricity supply is not at a satisfactory level from the
technical point of view nor is it acceptable to cu-
stomers. Hence the supply quality regulation has
arisen as both a necessity and a constituent part
of price regulation.

QUALITY OF ELECTRICITY
SUPPLY

Introduction

The foregoing analysis of price regulation methods
that do not incorporate regulation of electricity su-
pply quality has highlighted the fact that along with
price regulation it is necessary to regulate electri-
city supply quality. Theoretical considerations and
empirical analyses about the application of price
regulation in other monopoly activities and sectors
confirm the fact that the application of the incenti-
ve regulation method (known as the Price Cap Re-
gulation) leads to a drop in the quality of monopoly
activities [5] and [6]. There are very few empirical
analyses of the impacts of incentive regulation on
the quality drop in the electric power sector [7], so
that the analytical experiences gathered in other
sectors, which at an earlier stage liberalized their
markets or started with the regulation concept and
the application of incentive regulation, are quite re-
levant to the analyses of the electric power sector.

Unlike the price regulation, which is considered a
one-dimensional function (economic aspect) and
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aspekt) te na objektivan nacin mjerljivom aktiv-
noscu, regulaciju kvalitete opskrbe elektricnom
energijom treba promatrati kao viSedimenzional-
nu funkciju (tehnicki aspekt, socioloski aspekt,
troskovna efikasnost). Ovakvo promatranje ote-
Zava primjenu i teZe ju je provesti, posebice ako
se u obzir uzme da je u primjeni funkcionalnog
modela regulacije kvalitete subjektivno misljenje
kupaca znacajan ¢imbenik. Nadalje, prilikom pro-
vodenja regulacije kvalitete opskrbe namece se
i pitanje optimalne razine kvalitete opskrbe i po
kojoj je cijeni ponuditi kupcima. U slucaju trzisnih
djelatnosti ovo pitanje se ostavlja nacelima trzista.
U monopolistickim djelatnostima, gdje trzisna
utakmica nije moguca, a s ekonomske strane nije
opravdana, regulacija energetskih subjekata je ta
aktivnost koja osigurava optimalni odnos cijena
usluga i kvalitete opskrbe elektri¢cnom energijom.
Naime, ulogu regulatornog tijela i svrhu regulaci-
je trebalo bi promatrati na svojevrstan nacin kao
teziSte jednakostrani¢nog trokuta na Cijem su vr-
hovima dionici - kupac, regulirani subjekt i vlasnik
reguliranog subjekta. Svaki od njih ima svoje ob-
veze i ocekivanja koje bi trebali uravnoteziti regu-
latorni postupci i instrumenti (slika 2).

an objectively measurable activity, the regulation
of electricity supply quality should be viewed as a
multidimensional function (technical aspect, so-
ciological aspect, cost effectiveness). Such a view
hampers application and makes it more difficult to
carry out, especially if we bear in mind that in the
application of a functional quality regulation model
the personal opinion of customers is an important
factor. Moreover, in the implementation of supply
quality regulation a question arises concerning
the optimum level of supply quality and the price
at which it should be offered to customers. In the
case of market activities, this issue is left to the
free market principles. In the monopoly activities
where no market competition is possible, and is
not justified from the economic point of view, the
regulation of energy undertakings is an activity
that ensures optimum balance between prices
and electricity supply quality. Indeed, the role of the
regulatory authority and the purpose of regulation
should be viewed analogously to the center of an
isosceles triangle, at the apices of which are the
stakeholders-customers, the regulated underta-
king and the owner of the regulated undertaking.
Each of them has its obligations and expectations
that the regulatory procedures and instruments
should bring into an equilibrium (Figure 2).
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Slika 2 — Dionici i njihova ocekivanja u procesu regulacije cijena usluga i kvalitete opskrbe elektricnom energijom

Figure 2

Koncepcijski model za uvodenje regu-
lacije kvalitete opskrbe

Regulacija kvalitete opskrbe treba se koncentrira-
ti na ¢cimbenike koji su:

vazni kupcima,

moguce ih je kontrolirati od strane energet-
skih subjekata i

mijerljivi su od strane regulatornog tijela.

Koliko je pojedini ¢imbenik kvalitete opskrbe vazan
kupcima moguce je utvrditi putem upitnika/istra-

Stakeholders and their expectations in the process of price and electricity supply quality regulation

Conceptual model for introducing supply
quality regulation

Supply quality regulation should concentrate on
the factors which are:

— important to customers,
— controllable by energy undertakings, and
— measurable by regulatory authorities.

How much a supply quality factor matters to cu-
stomers can be found through a public survey
and on the basis of information provided by supply
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Zivanja javnog mnijenja te na osnovi informacija
o zahtjevima za kvalitetom opskrbe dobivenih od
razlicitih interesnih skupina. Ukupna razina kvali-
tete opskrbe koju kupac percipira obicno odrazava
ponasanje nekoliko energetskih subjekata. Stoga
regulatorna tijela trebaju prepoznati Sto je odgo-
vornost pojedinog subjekta te utvrditi regulacijske
instrumente za svakog od njih.

Moderne metode regulacije kvalitete opskrbe na-
stoje se usredotoCiti na izlazne parametre (uéin-
ke na kupce) vise nego na ulazne parametre ili
troskove. Regulatorna tijela ne bi trebala utjecati
na izbor tehnickih rjesenja ili odlucivati o investi-
cijskim planovima, ve¢ se trebaju usredotoCiti na
izlazne parametre ukoliko su mjerljivi. Energetski

quality demands received from various interest
groups. Customer-perceived total supply quality
level usually reflects the behavior of several ener-
gy undertakings. For that reason the regulatory
authorities should be aware of what is the res-
ponsibility of an undertaking and define regulation
instruments for each of them.

Modern supply quality regulation methods tend
to focus on output parameters (effects on custo-
mers) rather than input parameters or costs. The
regulatory authorities should not influence the
choice of technical solutions or decide on inves-
tment plans, they should focus instead on output
parameters, if measurable. An energy underta-
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subjekt koji se bavi opskrbom, odnosno distribu-
cijom elektricne energije, moze se isto tako oko-
ristiti ukoliko su izlazni parametri regulirani, na
nacin da poboljSa troSkovnu ucinkovitost koristedi
sustave upravljanja kvalitetom opskrbe. Upravlja-
nje kvalitetom opskrbe od strateskog je znacenja
za energetski subjekt koji se bavi opskrbom, od-
nosno distribucijom elektri¢ne energije.

Kao ishodiste za razmatranje koncepcijskog mo-
dela za uvodenje regulacije kvalitete opskrbe
moze posluZiti literatura pod [8]. Navedeni izvor
sistematizira teorijska razmatranja, dosadasnju
praksu regulatornih tijela u provodenju regulaci-
je kvalitete opskrbe kao i rad CEER-a (engl. The
Council of European Energy Regulators) na po-
drucju kvalitete opskrbe. Koncepcijski model koji
je razvijen na taj nacin povezuje razlicite elemente
kvalitete opskrbe s ciljevima koje regulacija kvali-
tete opskrbe treba postic¢i primjenjujuéi pri tome
razlicite regulatorne instrumente (slika 3).

Ciljevi regulacije kvalitete opskrbe
Teorijska razmatranja ciljeva regulacije kvalitete
opskrbe odnose se na Cetiri glavna aspekta:

— prikupljanje i objavljivanje informacija,

— zastitu najlosije opskrbljivanih kupaca,

— pruzanje ucinkovite razine kvalitete opskrbe i

— razvoj i nadzor mehanizama trziSnog natjeca-
nja.

Prikupljanje pouzdanih informacija o stvarnoj ra-
zini kvalitete opskrbe i njihovo objavljivanje, odno-
sno upoznavanje interesnih strana s predmetnim
informacijama, prvi je od ciljeva kojem bi regula-
torno tijelo trebalo teZiti. Na taj nacin podize se, s
jedne strane svijest kupaca ovaznosti kvalitete op-
skrbe, a s druge strane regulirane subjekte potice
da ulazu vise u kvalitetu opskrbe. Da bi se prikupi-
li Sto pouzdaniji i tocniji podaci, regulatorna tijela
Cesto su upravo onaj subjekt koji izraduje naputke
po kojima bi regulirani subjekti trebali prikupljati i
obradivati podatke. Na taj nacin omogucuje se da
svi opskrbljivaciili operatori distribucijskih sustava
podatke prikupljaju i obraduju na istovjetan nacin
koji omogucuje daljnje usporedivanje pokazatelja
kvalitete izmedu pojedinih subjekata.

Razina se kvalitete opskrbe koju subjekt pruza
svakom od kupaca razlikuje i krece se u Sirokom
rasponu. Regulatornim tijelima trebalo bi biti od
vaznosti upravo ona skupina kupaca kojoj je op-
skrbljivanje elektricnom energijom nezadovolja-
vajuce kvalitete ili postojeci odnos regulirani su-
bjekt - kupac neprihvatljiv. Stoga je kao drugi cilj
navedena zastita najloSije opskrbljivanih kupaca.

Treciciljunacelu se odnosi na prosjecnu vrijednost
elemenata kvalitete opskrbe koju pruza regulirani
subjekt. Rije¢ ucinkovitost u ovom cilju odnosi se

king engaged in electricity supply or distribution
may likewise benefit from regulated output para-
meters by improving cost effectiveness using qua-
lity management systems. Quality management is
of strategic importance for an energy undertaking
engaged in electricity supply or distribution.

Literature under [8] may serve as a starting point
in reviewing the conceptual model for introducing
supply quality regulation. The mentioned refe-
rence sums up the theoretical thinking, previo-
us practice and work of the Council of European
Energy Regulators (CEER) in the area of supply
quality regulation. The conceptual model thus
developed combines different supply quality ele-
ments with the goals that supply quality regula-
tion should reach by using various regulation in-
struments (Figure 3).

Objectives of supply quality regulation
Theoretical studies of the objectives of supply qu-
ality regulation are focused on four main aspects:

— information collection and publication,

— protection of worst supplied customers,

— providing an efficient level of supply quality,
and

— development and control of market competiti-
on mechanisms.

Collection of reliable information on the actual
quality of supply and its publication or making the
interested parties acquainted with such informa-
tion is among the first goals that the regulatory
authority should strive for. In this way, customer
awareness of the importance of supply quality is
raised, on one hand, and, on the other, the regu-
lated undertakings are encouraged to invest more
in supply quality. In order to gather data as reliable
and accurate as possible, the regulatory authori-
ties often provide instructions according to which
the regulated undertakings should gather and
process data. All suppliers or distribution system
operators are thus enabled to gather and process
data in the same way that in turn further allows
to compare quality indices among individual un-
dertakings.

The supply quality level that an undertaking of-
fers to every customer varies widely. The regula-
tory authorities should be particularly concerned
about the group of customers to whom electricity
supply quality or the existing relationship with the
regulated undertaking unacceptable. Hence the
protection of worst supplied customers is speci-
fied as the second objective.

The third objective is related in principle to the
average value of the supply quality elements offe-
red by the regulated undertaking. The concept of
efficiency in this objective applies to two aspects
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na dva aspekta — troSkove koje regulirani subjekt
snosi zbog povecéanja kvalitete opskrbe i troSkove
koje snosi kupac zbog loSe kvalitete opskrbe.

Posljednji cilj odnosi se na kupce koji zahtijevaju
visoku razinu kvalitete opskrbe i koji su ju spremni
dodatno platiti. Takvim kupcima potrebno je osigu-
rati trziSne uvjete u kojima oni mogu pregovarati o
visoj razini kvalitete opskrbe i uvjete po kojima im
regulirani subjekt moZe osigurati traZenu razinu
kvalitete opskrbe.

Da bi se postigli navedeni ciljevi, odnosno da bi
se osigurali uvjeti za uspjesnu primjenu sustava
regulacije kvalitete opskrbe, po dosadasnjim isku-
stvima regulatornih tijela potrebno je voditi racuna
o vise komponenata. Prije svega uvodenje i prace-
nje sustava kvalitete opskrbe treba promatrati kao
dugogodisnji proces koji se zasniva na pouzdanim
podacima te kojem je potrebna kontinuirana revi-
zija. Stoga se kao temeljne uvjete za uspostavlje-
nje uspjesnog i funkcionalnog sustava regulacije
kvalitete opskrbe moZe navesti sljedece:

— sustavno i pouzdano prikupljanje podataka,

— postupnost uvodenja regulacije kvalitete op-
skrbe i provodenje koraka logic¢nim slijedom,

— regulatornu politiku potrebno je prilagoditi
specifi¢nim uvjetima, kao Sto je institucional-
no okruzenje ili karakter potrosnje pojedine
drZave,

— regulatorni instrumenti trebaju biti opravdani,
pravicni i jednostavni za primjenu,

— uvedeni sustav kvalitete opskrbe ne bi se tre-
bao razmatrati kao trajno rjesenje, vec bi se
trebale provoditi periodi¢ne evaluacije sustava
I eventualne revizije |

— nuZan je kontinuiran dijalog izmedu dionika
(slika 2).

Podrucja kvalitete opskrbe elektricnom
energijom
Kvaliteta opskrbe koja se pruza krajnjem kupcu u
opskrbnom lancu elektricnom energijom rezultat
je mnogobrojnih ¢imbenika. No, kada se razmatra
kvaliteta opskrbe kao regulatorna funkcija u nace-
lu se govori samo o elementima kvalitete opskrbe
koji se odnose na energetske djelatnosti distribu-
cije i opskrbe elektricnom energijom. Imajudi to u
vidu, kvaliteta opskrbe sastoji se od tri podrucja
[9]:

— komercijalna kvaliteta,
— pouzdanost opskrbe i
— kvaliteta napona.

Komercijalna kvaliteta odnosi se na kvalitetu od-
nosa izmedu opskrbljivaca ili distributera i kupca.
Komercijalna je kvaliteta vazna kupcu prije skla-
panja ugovora o opskrbi i ugovora o koristenju

mreze, odnosno odabira opskrbljivaca. Komer-
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- costs born by the regulated undertaking due to
increased quality of supply and cost born by custo-
mers due to poor quality of supply.

The fourth objective is related to customers who
demand a high level of supply quality and who
are ready to pay extra for it. For such customers a
kind of market conditions should be created whe-
re they can negotiate a higher supply quality level
including terms under which the regulated under-
taking can assure the demanded level.

In order to attain the mentioned objectives, to en-
sure conditions for a successful application of the
supply quality regulation system, according to the
existing experience of the regulatory authorities it
is necessary to take heed of a number of compo-
nents. First of all, the introduction and monitoring
of the supply quality system should be viewed as a
long-term process based on reliable information
and requiring continuing revision. As basic con-
ditions for the establishment of a successful and
functioning supply quality regulation system the
following can be pointed out:

— systematic and reliable data collection,

— step-by-step introduction of supply quality re-
gulation and proceeding in a logical order,

— regulatory policy suited to specific circum-
stances, such as institutional environment or
the nature of consumption in a country,

— regulation instruments which are justified, fair
and simple to apply,

— the introduced supply quality system not to be
taken as a permanent solution, instead perio-
dical reviews and revisions, if required, should
be conducted, and

— continuous dialogue between the stakehol-
ders (Figure 2).

Areas of electricity supply quality

Supply quality being offered to end customers
in the electricity supply chain is a result of many
factors. But when it comes to supply quality as a
regulation function, in principle reference is made
only to the supply quality elements relating to the
energy activities of distribution and supply. Kee-
ping that in mind, supply quality consists of three
areas [9]:

— commercial quality,
— continuity of supply, and
— voltage quality.

Commercial quality is the quality of relations
between the supplier or distributer and custo-
mers. Commercial quality matters to customers
before the conclusion of the supply contract and
the network usage contract, or before the choice
of supplier. Commercial quality covers many as-
pects of relations between the supplier or distri-
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cijalna kvaliteta pokriva mnoge aspekte odnosa
opskrbljivac ili operator distribucijskog sustava
- kupac. No, samo neki od njih mogu se mjeriti
i regulirati utvrdivanjem standarda ili kroz neke
druge instrumente.

Standardi se mogu odnositi na opée odredbe veza-
ne uz usluge (Cesto nazivani op¢i standardi - 0S) ili
na pruzanje usluga pojedinac¢nim kupcima (Cesto
nazivani garantirani standardi - GS). Garantirani
su standardi obi¢no povezani s nekom vrstom po-
vrata sredstava kupcima u slucaju da se opskrblji-
vac ne pridrzava utvrdenog standarda. Standardi
mogu biti utvrdeni, npr. u smislu maksimalnog
vremena u kojem je potrebno osigurati opskrbu ili
ocitanje mjernog uredaja, odnosno odgovoriti na
usmeni upit ili odgovoriti na zalbu kupca i slicno.
Tablica 2 prikazuje moguce odnose izmedu opskr-
bljivaca ili distributera i kupca.

buter and customers, but only some of them are
measurable and regulable by setting standards or
through some other instruments.

Standards can cover general terms and conditi-
ons related to services (often called general stan-
dards) or the provision of services to individual cu-
stomers (often called guaranteed standards). The
guaranteed standards are usually associated with
some kind of refund to customers if the suppli-
er fails to meet the agreed standard. Standards
can be agreed, e.g., in terms of maximum time in
which supply or meter read-out should be carri-
ed out, or an oral query or a customer complaint
answered, and the like. Table 2 shows possible
relations between the supplier or distributer and
customers.

Tablica 2 - Prikaz komercijalnih odnosa izmedu opskrbljivaca ili distributera i kupca
Table 2 - Commercial relations between the supplier or distributer and the customer

Odnosi prije sklapanja
ugovora /

Relations before the
conclusion of the contract

Redovni odnosi /
Regular relations
Prikljucenje (opskrba i
brojilo) /

Connection (supply &

meter)

To&nost racuna /
Billing accuracy

Izradun naknade /
Refund calculation

Tocnost ocitanja brojila /
Meter read-out accuracy

Obavljanje radova /

. s kupcima / Services at
Performan works P

customer relations centers

Telefonske usluge / Telephone

services

Pouzdanost opskrbe karakterizira broj i trajanje
prekida. Ova vrsta kvalitete opskrbe odnosi se na
djelatnost distribucije elektricne energije, ali ne
i na opskrbu elektri¢ne energije. Za ocjenjivanje
pouzdanosti opskrbe u distribucijskoj mrezi kori-
sti se nekoliko pokazatelja. Uspostavljanje susta-
va regulacije kvalitete opskrbe u ovom segmentu
mogao bi, izmedu ostalog, teziti:

Usluge u centrima za odnose

Odnosi tijekom trajanja ugovora /
Relations during the term of the contract

Povremeni odnosi /
Occasional relations

Problemi s ispadom osiguraca /
Problems with fuse failure

Prigovori radi kvalitete napona /
Voltage quality complaints

Problemi s brojilom /
Problems with meter

Upiti vezani uz cijene i placanja /
Inquiries about prices and payment
Dogovaranje sastanka /

Making appointments

Odgovaranje na zalbe kupaca /

Answers to customer complaints

Odgovaranje na pisma kupaca (trazenje
informacija) /
Answers to customer letters (seeking information)

Obavljanje radova /
Performance of works

Izracun naknade /
Refund calculation

Continuity of supply is characterized by the num-
ber and duration of interruptions. This kind of
supply quality covers electricity distribution, not
electricity supply. For assessing the continuity of
supply in a distribution network, several indices
are used. The establishment of a supply quality
regulation system in this segment may, inter alia,
strive to:
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— uvodenju neke vrste kompenzacije za kupce u
slucaju vrlo dugackih prekida,

— zadrZavanju pod kontrolom vremena ponov-
nog uspostavljanja opskrbe te

— uspostavljanju poticaja za smanjenjem broja i
trajanja prekida.

Problemi s kojima se regulatorno tijelo moze sre-
sti prilikom uspostavljanja sustava pracenja po-
uzdanosti opskrbe su razliCite metode i toCnosti
mjerenja prekida pri energetskim subjektima te
pripisivanje odgovornosti za svaki od prekida (npr.
visa sila, treca strana, prijenosno ili distribucijsko
poduzece itd.). Ovaj dio kvalitete opskrbe smatra
se najvaznijim aspektom kvalitete mreznih dje-
latnosti. U nacelu je to onaj aspekt kvalitete koji
regulatorna tijela najviSe i najdublje analiziraju te
u konacnici integriraju u jedinstveni model regula-
cije cijene usluga i kvalitete opskrbe elektricnom
energijom. Stoga Ce se ovaj aspekt u najvecoj mje-
ri i razmatrati u ovom Clanku.

Kvaliteta napona postaje sve vazniji faktor u op-
skrbi elektricnom energijom i za distribucijska
poduzeda i za kupce. Prvenstveno je to radi osjet-
ljivosti uredaja krajnjih kupaca te radi moguceg
ostecenja uredaja zbog izobliCenja napona. Glavni
parametri kvalitete napona su frekvencija, veli-
¢ina napona, privremeni ili prijelazni prenaponi i
distorzije harmonika. Europska norma EN 50160
obuhvaca glavne naponske karakteristike u mre-
Zama srednjeg i niskog napona u normalnim rad-
nim uvjetima.

Instrumenti kvalitete opskrbe
Teorija regulacije kvalitete opskrbe prepoznaje
Cetiri regulatorna instrumenata koji se mogu pri-
mijeniti u pojedinom podrucju kvalitete opskrbe, a
radi postizanja navedenih ciljeva regulacije kvali-
tete opskrbe:

— Objavljivanje podatka o uspjesnosti regulira-
nog subjekta u sferi kvalitete (kao najjedno-
stavniji regulatorni instrument) - za ovu vrstu
instrumenta potrebno je definirati pouzdane
pokazatelje kvalitete opskrbe i nacin njihovog
prikupljanja, mjerenja, obrade i dostave regu-
latornom tijelu. Ovaj instrument trebao bi biti
poticaj reguliranim subjektima da povecaju
kvalitetu opskrbe,

— Sustav minimalnih standarda kvalitete - u
primjeni ovog instrumenta regulatorno tijelo
bi trebalo definirati minimalnu razinu poje-
dinog pokazatelja kvalitete opskrbe koja se
oCekuje od reguliranog subjekta. Ne pruzanje
minimalne razine kvalitete za pojedini poka-
zatelj u praksi podrazumijeva placanje kazne
od strane reguliranog subjekta. Medutim,
postoje i situacije u kojima su utvrdeni mini-
malni standardi samo indikativni i ne podlijezu
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— introduce a kind of compensation for custo-
mers in the event of long interruptions,

— keep the time of supply resumption under
control, and

— introduce incentives for reducing the number
and length of interruptions.

Problems that the regulatory authority may come
across in establishing the continuity of supply
monitoring system is the existence of different
methods and accuracies of interruption measure-
ment at the energy undertakings and how to qua-
lify the responsibility for an interruption (e.g., force
majeure, third party, transmission or distribution
enterprise, etc.). This segment of supply quality is
considered the most important quality aspect of
network services. In principle, it is the quality as-
pect that the regulatory authorities analyze most
extensively and minutely and in the end integrate
into a single model for regulation of prices and
electricity supply quality. For that reason, this as-
pect will be give some prominence below.

Voltage quality is becoming an increasingly im-
portant factor in electricity supply for both the
distribution companies and customers, first of all
because of the sensitive devices of end customers
and possible damage on them due to voltage dis-
tortion. The main voltage quality parameters are
frequency, voltage value, temporary or transiti-
onal overvoltage and harmonic distortions. The
European standard EN 50160 includes the main
voltage characteristics in medium and low voltage
networks under normal operating conditions.

Supply quality instruments
The theory of supply quality regulation identifies
four regulation instruments that may be used in a
particular area of supply quality for the purpose of
attaining the following objectives of supply quality
regulation:

— Publication of performance quality data on
regulated undertakings (the simplest regu-
lation instrument) - this type of instrument
requires a definition of reliable supply quali-
ty indices and the manner of their collection,
measurement, processing and delivery to the
regulatory authority. This instrument should
encourage the regulated undertakings to im-
prove the quality of supply,

— System of minimum quality standards - In
the use of this instrument the regulatory au-
thority should define the minimum level of a
particular supply quality index expected from
the regulated undertaking. What the failure to
provide the minimum quality level for an index
means in practice is penalty payment by the
regulated undertaking. However, there are
situations where the established minimum
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kaznama. Potrebno je napomenuti da razvoj
funkcionalnog sustava minimalnih standar-
da kvalitete zahtijeva poznavanje troskova
koji se veZu uz pruzanje kvalitete opskrbe,
kao i koristi koje bi kupac mogao imati od
primjene tog sustava,

— Mehanizam poticanja kvalitete (mehanizam
nagrade i kazne) - uz definiranje razine poka-
zatelja regulatorno tijelo uvodi i mehanizam
nagrade-kazne u slucaju da su postignute
vrijednosti pokazatelja ispod, odnosno iznad,
propisane razine. Ovaj mehanizam zahtijeva
vrlo dobru informiranost regulatornog tijela
u pogledu vaznosti i vrijednosti koje kup-
ci polazu na kvalitetu opskrbe. No, s druge
pak strane, pruza mogucnost reguliranom
subjektu da iskoristi prednost koju ima u od-
nosu na regulatorno tijelo u smislu raspolo-
Zivosti informacija o troskovima i mreZi te u
pogledu angaziranja sredstava,

— Promicanje premijskih ugovora o kvaliteti
izmedu kupca i reguliranog subjekta - ovaj
instrument vrlo je bitan kupcima koji oceku-
ju visoku razinu kvalitete za koju su spremni
dodatno platiti. U ovom slucaju radi se o
utvrdivanju razine kvalitete koja se pruza po-
jedinom kupcu, cijena pruzanja takve usluge
te naknada u slucaju odstupanja od ugovore-
ne razine kvalitete. Ovaj instrument za sada
se vise razmatra na teorijskoj osnovi, dok je
u praksi njegova primjena mala.

U slucaju drugog i treceg instrumenta, koji se joS
smatraju i izravnim nacinima kontrole kvalitete
opskrbe, regulatorno tijelo treba imati aktivnu
ulogu. Naime, ono treba utvrditi razinu pokaza-
telja kvalitete koje je potrebno postici te osigurati
reguliranim subjektima poticaje da ih ostvare.

REGULACIJA POUZDANOS-
TI OPSKRBE

Uvod

Pouzdanost opskrbe kao element regulacije
kvalitete opskrbe najznacajnije je podrucje re-
gulacije monopolnih djelatnosti, stoga je i najza-
nimljivije s aspekta uvodenja sustava regulacije
kvalitete opskrbe i njenog postupnog integrira-
nja s regulacijom cijene usluga. Ovo podrucje je
poprilicno sloZzeno za pracenje i analizu, bududi
da postoji nekoliko vrsta prekida opskrbe te da je
razvijeno vise nacina mjerenja pouzdanosti op-
skrbe. Nadalje, razli¢iti kupci razlicito su osjetlji-
vi prema raznim vrstama prekida. S pozicije ope-
ratora distribucijskog sustava troskovi povezani

s mjerenjem i kontrolom pouzdanosti opskrbe

standards are only indicative and do not involve
penalties. It should be noted that the develo-
pment of a functioning system of minimum qu-
ality standards requires acquaintance with the
costs associated with quality provision and the
benefits that customers could derive from the
use of this system,

— Quality incentive mechanism (reward/penalty
mechanism) - along with the definition of the
level of indices, the regulatory authority in-
troduces a reward/penalty mechanism if the
reached index values go below or above the
established level. This mechanism requires
that the regulatory authority is very well infor-
med about the importance and value that cu-
stomers attach to quality. On the other hand,
however, it gives an opportunity to the regu-
lated undertaking to take advantage it has in
relation to the regulatory authority in terms
of availability of cost and network informati-
on as well as in respect of fund employment,

— Promotion of premium quality contracts
between customers and the regulated un-
dertaking - this instrument is essential for
customers who expect a high quality level that
they are ready to pay extra. This case involves a
definition of quality level offered to a customer,
the price of such a service and compensation in
the event of withdrawal from the agreed quality
level. This instrument is at present theoretically
studied, whereas its application in practice is
minor.

As for the second and third instruments, which in
addition are considered direct ways of supply quality
control, the regulatory authority is to play an active
part, because it must define the level of quality in-
dices to be reached and provide incentives for the
regulated undertakings to reach them.

CONTINUITY OF SUPPLY
REGULATION

Introduction

Continuity of supply as an element of supply quali-
ty regulation is the most important area of the re-
gulation of monopoly services and hence the most
interesting in terms of introduction of a system of
supply quality regulation system and its gradual
integration with price regulation. This area is quite
complicated for monitoring and analysis, because
there are several types of supply interruptions and a
number of continuity of supply measurement met-
hods have been developed. Furthermore, different
customers are differently sensitive to different types
of interruptions. From the standpoint of the distri-
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ovisni su o vrsti prekida, naponskoj razini i do-
stupnoj tehnologiji pracenja prekida.

Glavne karakteristike pouzdanosti opskrbe su
sljedece:

— vrsta prekida: planirani ili neplanirani preki-
di,

— trajanje svakog prekida: kratki ili dugi prekid.
Europska norma EN 50160 definira dugi pre-
kid kao prekid koji traje dulje od 3 minute.
U nekim se drzavama prekidi zbog automat-
skih ponovnih ukapcanja nazivaju prijelaznim
prekidima;

— broj kupaca koji su obuhvaceni prekidom,

— vrsta pokazatelja o pouzdanosti opskrbe -
broj ili trajanje prekida (pojedina kategorija
kupca je osjetljivija na ukupno trajanje pre-
kida, odnosno na broj prekida):

CML (engl. Customer Minutes Lost) -
ukupno godisnje trajanje prekida po
kupcu ili SAIDI (engl. System Average
Interruption Duration Index) - prosjecno
trajanje prekida u sustavu,

Cl (engl. Customer Interrruptions) - go-
disnji broj prekida po kupcu ili SAIFI (engl.
System Average Interruption Frequency
Index) - prosjecan broj prekida u sustavu
[

ENS (engl. Energy Not Supplied) - neis-
porucena energija povezana je s CML i
sofisticiraniji je pokazatelj budu¢i da uzi-
ma u obzir neisporucenu energiju zbog
prekida.

Prije nego Sto se donesu odluke vezane uz re-
gulaciju pouzdanosti opskrbe, nuzno je da regu-
latorno tijelo razmotri sljedece probleme vezane
uz pouzdanost opskrbe:

— Mijerenje prekida - mogu se prihvatiti razlici-
te vrste pokazatelja pouzdanosti opskrbe. U
drZzavama gdje postoji vise distributera elek-
tricne energije nuzno je uvesti konzistentni
nacin mjerenja kod svih kao i pracenje jed-
nakih pokazatelja pouzdanosti opskrbe,

— Odgovornost za prekide - neke od pre-
kida ne uzrokuje distributer, ve¢ npr. ku-
pac, tre¢a strana ili drugi operator sustava,

— Vremenske nepogode i viSa sila - mnogi
prekidi uzrokovani su vremenskim prilikama,
npr. munje, snjezna oluja itd. Prekidi zbog
vremenskih neprilika i viSe sile ne bi trebalo
promatrati kroz prizmu utvrdenih standarda,

— Razlika u zemljopisnim karakteristikama i
strukturi mreze - nadzemni vodovi su jefti-
niji, ali i izloZeniji vecoj mogucnosti prekida

bution system operator (DSO), the costs associa-
ted with the continuity of supply measurement and
control are dependent on the type of interruption,
voltage level and the available interruption monito-
ring technology.

The main characteristics of continuity of supply
are:

— type of interruption: planned or unplanned,

— duration of an interruption: short or long. Under
the European standard EN 50160 long interrup-
tion is one lasting more than 3 minutes. In some
countries the interruptions due to automatic re-
connections are referred to as transitional in-
terruptions,

— number of customers affected by an interrupti-
on,

— type of continuity of supply index - number or
duration of interruptions (some customer ca-
tegories are more sensitive than others to the
total duration of an interruption or the number
of interruptions):

CML (Customer Minutes Lost) - total annu-
al duration of interruptions per customer, or
SAIDI (System Average Interruption Durati-
on Index),

Cl (Customer Interruptions) - annual num-
ber of interruptions per customer, or SAIFI
(System Average Interruption Frequency In-
dex), and

ENS (Energy Not Supplied) - unsupplied
energy is linked to CML and is a more sophi-
sticated index, because it takes into account
unsupplied energy due to interruptions.

Before deciding on matters concerning continuity
of supply regulation, the regulatory authority has
to consider the following problems associated with
continuity of supply:

— Interruption measurement - Different types of
continuity of supplyindices can be adopted. Inthe
countrieswith more electric power distributers it
is necessary to introduce a consistent measure-
ment method with all of them and to ensure that
equal continuity of supply indices are monitored,

— Responsibility for interruptions - some
interruptions are not caused by the dis-
tributer, but by others, say, a customer,
a third party or another system operator,

— Weather conditions and force majeure -
many interruptions are caused by weather
conditions, such as lightning, snowstorms,
etc. Interruptions caused by weather condi-
tions and force majeure should not be viewed
through the prism of established standards,
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od kabelskog razvoda. Kabelski razvod je
ekonomski isplativ samo kod odgovarajuce
gustoce opterecenja. Iz tih razloga mnoga
regulatorna tijela dijele podrucja koristeci
odgovarajuce pokazatelje gustoée kupaca ili
opterecenja.

Sa spomenutom problematikom europska regu-
latorna tijela suocila su se na razlicite nacine. S
obzirom da u vecini slucajeva nije moguce us-
poredivati podatke koji se odnose na pouzdanost
opskrbe izmedu razlicitih drzava (npr. ne postoji
istovjetan nacin na koji se uzimaju zemljopisne
razlicitosti unutar pojedine drZave), potrebno je
uvesti neku vrstu ravnanja po mjerilu (engl. ben-
chmarking) pokazatelja pouzdanosti opskrbe.

Regulatorni instrumenti

Pouzdanosti opskrbe kao jedno od podrucja re-
gulacije kvalitete opskrbe moze se regulirati pri-
mjenjujuéi jedno od Cetiri prethodno navedena
regulatorna instrumenta.

Objavljivanje podataka o pouzdanosti opskrbe i
komunikacija sa svim interesnim stranama naj-
jednostavniji je regulatorni instrument, buduci
da od regulatornog tijela ne zahtijeva razvija-
nje regulatornog pristupa, kao niti utvrdivanje
standarda. Ovaj instrument ujedno je temelj za
daljnje uvodenje sloZenijih instrumenata, kao i
za razumijevanje koncepta regulacije kvalitete |
razvijanje svijesti o kvaliteti opskrbe kod svih in-
teresnih strana.

Pregled podataka o pokazateljima pouzdanosti
opskrbe obi¢no se objavljuje u godisnjim izvje-
S¢ima reguliranih subjekata, u posebnim publi-
kacijama o kvaliteti ili na internetskim stranica-
ma regulatornog tijela ili reguliranog subjekta.
Dodatno, regulatorno tijelo moZze zahtijevati od
reguliranog subjekta da u problematiku ukljuci
stav kupaca (konzultacije s udrugama kupaca
ili sudjelovanje kupaca u savjetodavnim tijelima
reguliranog subjekta). Osnovna je ideja ovog in-
strumenta da se regulirani subjekt na neki nacin
‘izloZi" kontroli javnosti.

Objava podataka isto tako omogucuje ravnanje po
mjerilu viSe reguliranih subjekata. U tom je slu-
Caju potrebno pronaci razlicitosti kod pojedinih
reguliranih subjekata, koje rezultiraju znacajnim
odstupanjima u razini pokazatelja, a koja su uvje-
tovana vanjskim faktorima kao Sto su gustoca i
karakter kupaca, konfiguracija mreze, karakte-
ristike zemljista itd. Uzrok odstupanja moze biti
i prikupljanje i obradivanje podataka na razliite
nacine. Navedeni problem moze se izbjeci na
nacin da regulatorno tijelo utvrdi smjernice za
mijerenje, prikupljanje i obradu podataka, kao i
njihovo objavljivanje koje bi na jedinstven nacin

— Difference in the geographical features and
structure of a network - overhead lines are
cheaper, but also exposed to a greater risk of
interruption than underground cables. Under-
ground cables are economically feasible only
with a given load density. For these reasons
many regulatory authorities share areas using
appropriate customer or load density indices.

With the mentioned issues the European regulators
have been coping in different ways. As in most cases
it is impossible to compare the continuity of supply
data between different states (for example, there is
no universal way of accounting for geographical di-
versities within a country), a kind of benchmarking
for the supply quality indices should be introduced.

Regulation instruments

Continuity of supply as an area of supply quality re-
gulation can be regulated by using one of the four
above mentioned regulation instruments.

Publication of continuity of supply data and com-
munication with all stakeholders is the simplest
regulation instrument, because it does not expect
from the regulatory authority to develop the regula-
tion approach or to set standards This instrument is
also a groundwork for further introduction of more
complex instruments as well as for understanding
the concept of quality regulation and developing the
supply quality awareness with all parties concer-
ned.

An overview of data concerning the continuity of
supply indices is usually released through annual
reports by regulated undertakings, in special pu-
blications on quality issues or on web pages of the
regulatory authority or regulated undertakings. In
addition to it, the regulatory authority may ask the
regulated undertaking to include customer opini-
ons (consultations with customer associations or
customer participation in consultative bodies of the
regulated undertaking). The idea behind this instru-
ment is to make the regulated undertaking some-
how ‘exposed’ to public control.

Publication of data also allows benchmarking of
more regulated undertakings. In that case it is ne-
cessary to identify differences with individual regu-
lated undertakings resulting in significant deviations
in the level of indices determined by external factors
such as customer density and character, network
configuration, land characteristics, etc. The cause
of deviation may also stem from various ways of
data collection and processing. The said problem
can be so avoided that the regulatory authority de-
fines guidelines for data measurement, collection
and processing, as well as publication, that would
be uniformly applied by all electric power distribu-
ters in a country. This would also ensure greater
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primjenjivali svi distributeri elektricne energije u
pojedinoj drzavi. Na taj nacin ujedno bi se osigu-
rala veca pouzdanost podataka kao i mogucnost

njihove provjere od strane regulatornog tijela.

Pouzdanost i provjerljivost podataka vrlo je bitan
preduvjet za uvodenje sloZenijih regulatornih in-

strumenata koji imaju izravan ekonomski utje-

caj.

Minimalni standardi pouzdanosti op-
skrbe
Postoje Cetiri glavna pristupa na kojima se te-

melji sustav minimalnih standarda pouzdanosti
opskrbe u EU élanicama [9], a to su:

— individualni standardi (standardi koji se od-
nose na pojedinacnog kupca),

— prosjecni standardi,

— godisnja stopa poboljSanja standarda i

— razinu pouzdanosti opskrbe najlosije opskr-
bljivanog kupca.

Iskustva regulatornih tijela u nametanju pojedi-
nih standarda su razliCita i ovise o postavljenim
ciljevima. Individualni standardi i standardi koji
se odnose na pouzdanost opskrbe najloSije op-
skrbljivanog kupca obi¢no imaju karakter garan-
tiranog standarda za Cije su utvrdivanje potrebna
pojedinacna mjerenja prekida Sto je zahtjevno i
skupo. Prosjec¢ni standardi i godisnja stopa po-
boljSanja standarda su relevantniji za uvodenje
opcih standarda i zadrzavanje odredene razine
pouzdanosti opskrbe. Stoga se ujedno mogu ko-
ristiti i kao pokazatelji smanjenja razlike izmedu
pojedinih podrucja/regija unutar drZave, Sto je
u mnogim slucajevima i cilj uvodenja regulaci-
je kvalitete opskrbe. Tablica 3 daje ilustrativni
prikaz individualnog standarda - maksimalno
trajanje neplaniranog prekida i kompenzacijske
mehanizme [10].

Ono sto je bitno s aspekta regulatornog tijela jest
visina kazne koja se propisuje u slucaju neispu-
njenja postavljanih zahtjeva na pokazatelje kva-
litete. U slucaju da je kazna preniska, utvrdena
razina standarda u nacelu nije vjerodostojna, bu-
duci da regulirani subjekt moze odluciti da mu je
isplativije ne zadovoljiti razinu standarda. Isti se
slucaj moze javiti ukoliko je standard postavljen
prenisko. No, s druge pak strane, ukoliko je utvr-
dena kazna previsoka, odnosno ukoliko je razina
standarda postavljena previsoko, regulirani su-
bjekt moZe se suociti s nepovoljnim financijskim
posljedicama koje u konacnici mogu utjecati
na financijsku odrzivost reguliranog subjekta.
Bududi da se radi o monopolistickoj djelatnosti
distribucije elektricne energije, politika regu-
latornog tijela ne bi smjela dovesti regulirani
subjekt u financijski neodrziv polozaj. Iz navede-
nog je razloga bitno da se regulatorno tijelo Sto

reliability of data and the possibility of their verifica-
tion by the regulatory authority.

Data reliability and confidentiality is an essential
precondition for the introduction of more complex
regulation instruments having a direct economic
impact.

Minimum continuity of supply standards
There are four main approaches underlying the sy-
stem of minimum continuity of supply standards in
the EU Member States [9], viz.:

— individual standards (those relating to individual
customers),

— average standards,

— annual standard improvement rate, and

— continuity of supply level of worst supplied cu-
stomers.

Experiences of the regulatory authorities in impo-
sing individual standards are diverse and depend
on the set goals. Individual standards and standar-
ds relating to the continuity of supply level of the
worst supplied customers usually have the status
of a guaranteed standard, the establishment of whi-
ch requires individual interruption measurements,
which is demanding and expensive. The average
standards and annual standard improvement rate
are more relevant for the introduction of general
standards and for maintaining a certain level of
continuity of supply. They can hence be also used as
indices of reduced differences between particular
areas/regions within a country, which in many ca-
ses is actually the purpose of an introduced supply
quality regulation. Table 3 illustrates an individual
standard - maximum duration of unplanned in-
terruption and compensation mechanisms [10].

From the regulatory authority’s point of view the
essential thing is the amount of penalty imposed in
the event of failure to meet quality requirements. If
the penalty is too low, the defined standard level is
not credible in principle, because the regulated un-
dertaking may decide that it pays more not to com-
ply with the standard level. The same may happen if
the standard is set too low. On the other hand, if the
imposed penalty is too high, or if the standard level
is set too high, the regulated undertaking may beco-
me faced with adverse financial consequences that
can affect its financial sustainability. As it is a case
of the monopoly service of electric power distributi-
on, the policy of the regulatory authority should not
bring the regulated undertaking into a financially
untenable position. For that reason it is essential
that the regulatory authority is thoroughly informed
about the regulated undertaking’s operations. The
information asymmetry between the regulated un-
dertaking and the regulatory authority may turn out
to be the main barrier to the implementation of an
optimal policy.
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Tablica 3 - Prikaz individualnog standarda (maksimalno trajanje neplaniranog prekida) i kompenzacijskih mehanizama
Table 3 - Individual standard (maximum duration of unplanned interruption) and compensation mechanisms

Standard
Driava / (trajanje u satima)
- / Duration in
State
hours
[h]
Ceska / NN/ LV: 18
Czech R. VN / HV: 12
Finska /
Finnland U2
Francuska /
- 6
France
12 h (u slucaju
jednog prekida)
/12 h (one
Madarska/ interruption)
Hungary 18 h (u slucaju
vise smetnji)
/18 h (more
disturbances)
Normalne
vremenske prilike
/ Normal weather
Velika conditions: 18 h,
Britanija
/ Great Izvanredne prilike
Britain / Extraordinary

conditions: od /
from 24 h do / to
141 h

Uvjeti / Conditions

lzvanredni dogadaji
(visa sila) iskljuceni /
Contingencies (force
majeure) excluded

lzvanredni dogadaji
(visa sila) iskljuceni /
Contingencies (force
majeure) excluded

lzvanredni dogadaji
(visa sila) iskljuceni /
Contingencies (force
majeure) excluded

Izvanredni dogadaji
iskljuceni /
Contingencies (force
majeure) excluded

Ozbiljne vremenske
prilike isklju¢ene

[ Severe weather
conditions excluded
Pojedini izvanredni
dogadaji iskljuceni /
Single contingencies
excluded

Kompenzacijski
mehanizam /

Compensation
mechanism

Na zahtjev: kupac
mora potrazivati
kompenzaciju u roku
od 5 radnih dana

/ Upon request:
customer must claim
compensation within
5 working days

Na zahtjev: medutim
mnoge tvrtke placaju
kompenzaciju
automatski / Upon
request: however,
many companies
pay compensation
automatically

Automatski /
Automatic

1 DSO - automatski /
1 DSO - automatic

5 DS0-ova - na
zahtjev/ 5 DSOs -
upon request

Na zahtjev / Upon

request

Na zahtjev / Upon

request

Iznos / Amount

10% od ukupnog iznosa koji kupac
pla¢a DSO-u: / 10% of the total
amount that the customer pays

to DSO

kupci na NN max. 150 EUR / L.V
customers max. 150 EUR

kupci na VN: max 300 EUR / HV
customers max. 300 EUR

za trajanje prekida / for
interruption length

- 12 h to 24 h: 10% kupcevog
godisnjeg troska koji placa za
mrezne usluge / 10% of the
customer’s annual cost paid for
network services,

- 24hdo/to72h:25%,

- 72 hdo/to 120 h: 50%,

- vise od 120 h: 100% max 350
EUR / more than 120 h: 100% max
350 EUR

Za svaki raspon od 6 h 2% fiksne
komponente u tarifi (npr. 4% za
viSe od 12hitd.) / For each 6 h
span 2% of fixed tariff component
(e.g., 4% for more than 12 h, etc.)

Domacdinstva: oko 8 USD, na
zahtjev 20 EUR; Ostali kupci od 12
EUR do 120 EUR / Households
about 8 USD, upon request 20
EUR; other customers 12 to 120
EUR

Domadinstva: 50 GBP; ostali

100 GBP, plus 25 GBP za svakih
daljnjih 12 sati / Households: 50
GPB:; others 100 GPB plus 25 GPB
for every next 12 hours

Sve kategorije kupaca: 25 GBP
plus 25 GBP za svakih daljnjih

12h do max 200 GBP / For all
customer categories: 25 GBP plus
25 GBP for every next 12 hours up
to max 200 GPB

detaljnije upozna s poslovanjem reguliranog su-
bjekta. Tu se informacijska asimetrija regulirani
subjekt — regulatorno tijelo moZe pokazati kao
glavna prepreka provodenju optimalne regula-
torne politike.

Dobre strane sustava minimalnih standarda
pouzdanosti opskrbe su utvrdivanje jasnih ra-
zina Zeljene kvalitete pouzdanosti opskrbe s
kojima su upoznati regulirani subjekti i kupci
te uvodenje mehanizma kazni koji daje poticaj
reguliranim subjektima da pruze odgovarajucu
razinu pouzdanosti opskrbe. Medutim, minimal-
ni standardi imaju i svoja ogranic¢enja. Jedno od

ogranic¢enja je da ne postoji kontinuirana veza

The advantages of the system of minimum conti-
nuity of supply standards include the definition of
clear-cut levels of desired continuity of supply qu-
ality known to the regulated undertakings and cu-
stomers and the introduction of a penalty mecha-
nism urging the regulated undertakings to provide
an adequate level of continuity of supply. However,
minimum standards have their limitations, too. One
of them is that there is no continuous correlation
between the attained index level and the price being
paid for it, that the correlation is instead binary - the
penalty is paid or not paid. Such a correlation may
influence the behavior of the regulated undertaking
in that the regulated undertaking will tend to assu-
me an attitude of trying to ensure a level of continu-
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izmedu ostvarene razine pokazatelja i cijene koja
se za to placa, vec je korelacija binarna - kazna se
placa ili ne placa. Ovakav odnos moZe utjecati na
ponasanje reguliranog subjekta na nacin da regu-
lirani subjekt usvoji stav prema osiguranju razine
pouzdanosti opskrbe na nacin da nastoji osigurati
razinu pouzdanosti opskrbe koja je blizu razine pro-
pisanog minimuma, kako bi na taj nacin u Sto veloj
mjeri smanjio svoje troskove. Dakle, regulirani su-
bjekt nece nastojati pruziti ve¢u kvalitetu nego Sto
je propisano minimalnim standardima kvalitete, vec
¢e na neposredni nacin minimalna razina kvalitete
diktirati razinu kvalitete koju ¢e regulirani subjekt
nastojati pruziti kupcu.

Mehanizam poticanja pouzdanosti opskrbe
Mehanizam poticanja pouzdanosti opskrbe moze se
promatrati kao svojevrsna nadogradnja sustava mi-
nimalnih standarda kvalitete. Karakteristicno svoj-
stvo nadogradnje odrazava se u kontinuiranoj vezi
izmedu cijene i kvalitete. Naime, u ovom regulator-
nom instrumentu svaka razina pouzdanosti opskr-
be u korelaciji je s financijskim poticajem. Ukoliko
regulirani subjekt ostvari razinu standarda ispod
utvrdene granice, poticaj za reguliranog subjekta je
s negativnim predznakom, odnosno primjenjuje se
nov€ana kazna. U suprotnom ukoliko ostvari bolje
razine pokazatelja od minimalno utvrdene granice
poticaj je nov€ana nagrada. Regulatorna tijela do
sada su razvila razliCite poticajne mehanizme, u
kojima odnos financijskih poticaja i razine kvalitete
moZze biti prikazan razli¢itim funkcijskim odnosima
(slika 4). Odabir pojedinog odnosa ovisi o ucincima

koji se Zele posti¢i mehanizmom poticaja pouzda-
nosti opskrbe.

ity of supply close to the prescribed minimum
level, with an aim to minimize costs. In other
words, the regulated undertaking will not strive
for greater quality than required under mini-
mum quality standards, instead the minimum
quality level will directly determine the quality
level that the regulated undertaking will endea-
vor to offer its customers.

Continuity of supply incentive mecha-
nism
The continuity of supply incentive mechanism
can be viewed as a kind of upgrade of the sy-
stem of minimum quality standard. The cha-
racteristic feature of the upgrade is reflected
in a continuous correlation between price and
quality. In this regulation instrument any conti-
nuity of supply level is correlated to a financial
incentive. If the regulated undertaking attains a
standard level below the set limit, the incentive
for the regulated undertaking has the negative
sign, meaning that a penalty will be charged.
Otherwise, if index levels above minimum are
attained, the incentive will be a money reward.
So far the regulatory authorities have developed
various incentive mechanisms in which the re-
lation between financial incentives and quality
level can be expressed by different functions
(Figure 4). The choice of a relation depends on
the effects one expects to achieve with the con-
tinuity of supply incentive mechanism.
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Slika 4 — Mehanizmi poticanja pouzdanosti opskrbe (sustav kazne i nagrade)
Figure 4 — Continuity of supply incentive mechanisms (penalty/reward system)

Mehanizme poticaja pouzdanosti opskrbe do sada
su uvele mnoge europske drzave [11]: ltalija (2000.),
Norveska (2001.), Velika Britanija (2002.), Irska
(2002.), Madarska (2003.), Svedska (2003.), Portugal
(2004.), Estonija (2006.) i Nizozemska (2007.).

The continuity of supply incentive mechanisms
have been introduced by quite a few European
countries [11]: Italy (2000), Norway (2001), Gre-
at Britain (2002), Ireland (2002), Hungary (2003),
Sweden (2003), Portugal (2004), Estonia (2006)
and Netherlands (2007).
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Financijski poticaji takoder mogu biti utvrdeni na
vise nacina. Jedan od pristupa je utvrditi apsolutni
iznos novC€ane kazne ili nagrade po jedinici kvali-
tete pokazatelja (npr. u slucaju pokazatelja SAIDI
iznos bi bio fiksan po izgubljenoj minuti). Drugi je
nacin da se financijski poticaj utvrdi kao relativni
iznos (postotak) npr. prihoda ili kao povecanje/
smanjenje odobrene stope povrata. Tablica 4 daje
prikaz europske regulatorne prakse u primjeni
mehanizama poticaja pouzdanosti opskrbe [7].

Financial incentives can also be defined in several
ways. One of them is to determine the absolute
amount of penalty or reward per unit of quality in-
dex (e.g., in the case of SAIDI index, the amount
would be fixed per minute lost). Another way is to
define the financial incentive as income percen-
tage or as an increase/decrease in the approved
rate of return. Table 4 gives an overview of the Eu-
ropean regulatory practice in the application of the
continuity of supply incentive mechanisms [7].

Tablica 4 - Prikaz europske regulatorne prakse u primjeni mehanizama poticanja pouzdanosti opskrbe
Table 4 - European regulatory practice in the application of the continuity of supply incentive mechanisms

. Pokazatelj
Mehanizam pouzdanosti
I;Jrzava/ poflcaja/ —— CM s Kazna/nﬁgrac{a/
State Incentive 3 Penalty/reward
Continuity of !
mechanism !
supply indices
- Godisnje po.boljsanje pokaz[a)tetja Kazna/nagrada oko /
S ) 1 Kontinuirani / pouzdanosti opskrbe do 16 % / ) o
Italija / Italy Continuous SAIDI Annual improvement of continuit Penalty/reward ca
-0 e ANNUSLIMProvement o continuity g eyR/Kwh
of supply index up to 16 %
Kaskadni s Godisnje pobolj$anje pokazatelja ~ Kazna do 3 % prihoda
S ) o N )
Maqarska/ og‘ramcenjém SAIF] and SAIDI Bouzqangstl opsrkrbe d? 176 /0/ regul[rénog Sutzjskta
Hur / /Ca with Annual improvement of continuity / Penalty up to 3% of
limitation of supply index up to 16 % ncome
Kazna ili nagrada
- . . temelji se na
Nizoreslie Kontinuirani / ferojjtiercar;waihvgiebdgfasttap/oi\afz*?;tfE{a troskovima prekida
/ - ; SAIDI 9 R ,J ) verage kupaca / Penalty
o Continuous index value of regulated i i i
Netherlands i - or rd based on
ertakings .
7 C er interruption
cost
Kazna/nagrada /
Penalty/reward:
Norveska/  Kontinuirani / Povijesna vrijednost pokazatelja / DemaEme i /
) - . ENS - N Households: 0,4 EUR/
Norway Continuous Historical index value
kWh
Poduzetnistvo /
Industry: 4,5 EUR/kWh
o Kazna ili nagrada do
. Kontinuirani s o
Velika ograni¢enjem / Povijesna vrijednost pokazatelja / 2% prihoda
Britanija / ﬂg J» Cland ENS - { - y P ! reguliranog subjekta/
-~ . Continuous with Historical index value ) )
Great Britain Penalty or reward up
limitation 5
to2° ncome
SAIDI - prosje¢no trajanje prekida po kupcu / System Average Interruption Duration Index
SAIF| - prosjecan broj prekida u sustavu / System Average Interruption Frequency Index
ENS - neisporucena energija / Energy Not Supplied
Cl - godignji broj prekida po kupcu / Customer Interruptions, i.e., annual number of interruptions per customer

ISKUSTVA MADARSKOG
REGULATORNOG TIJELA

Madarsko regulatorno tijelo (MEH) osnovano je
1994. godine, a ve¢ u 1995. godini znacajnu paznju
posvetilo je problemima kvalitete opskrbe. MEH
je temeljem vlastitih i iskustava inozemnih regu-
latornih tijela prepoznao kvalitetu opskrbe kao
bitan Cimbenik regulacije, stoga je i u madarski
energetski zakon koji se primjenjivao od 1. sijecnja
2003. godine (prije usvajanja Direktive 2003/54/E7)

EXPERIENCES OF THE HUN-
GARIAN REGULATORY AU-
THORITY

The Hungarian regulatory authority (MEH) was
founded in 1994 and already in 1995 it studied ca-
refully the supply quality issues. Based on its own
experience and the experiences of foreign regula-
tory authorities, MEH identified the supply quality
as a crucial regulation factor, with the result that
the Hungarian Energy Act, effective since 1 January
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ugradena odredba kojom se utvrduje da je po-
trebno propisati minimalne standarde kvalitete
opskrbe za svakog od subjekata kojemu je izdana
dozvola za obavljanje energetske djelatnosti kao i
oCekivana razina kvalitete opskrbe.

Kupce elektricne energije u Madarskoj opskrblju-
je 6 regionalnih distribucijskih poduzeca. Kriterije
kvalitete opskrbe MEH propisuje odvojeno za sva-
ko od 6 distribucijskih poduzeca. U Madarskoj isti
energetski subjekt obavlja djelatnost distribucije
i opskrbe elektricnom energijom. Stoga su prili-
kom propisivanja kvalitete opskrbe obuhvaceni
standardi kvalitete opskrbe i za distribuciju i za
opskrbu elektricnom energijom.

Tablica 5 daje kronoloski prikaz uvodenja sustava
regulacije kvalitete opskrbe od strane MEH-a [12]
do [14].

2003 (before the adoption of Directive 2003/54/EC),
incorporates a provision stipulating that minimum
supply quality standards ought to be established
for every undertaking to which the energy license
has been issued, as well as the expected supply
quality level.

Electricity customers in Hungary are supplied by
six regional distribution undertakings. The supply
quality criteria are set by MEH for each of the six
distribution undertakings separately. In Hungary
the same energy undertaking performs the fun-
ctions of electricity distribution and supply. Hence
the setting of supply quality standards comprises
supply quality standards for both electricity distri-
bution and supply alike.

Table 5 gives a chronological overview of supply
quality regulation introduced by MEH [12] to [14].

Tablica 5 - Kronoloski prikaz uvodenja regulacije kvalitete opskrbe u Madarskoj
Table 5 - Chronological overview of supply quality regulation introduced in Hungary

Razdoblje /

Period Aktivnost / Activity

Definiranje, prikupljanje i obrada podataka vezanih uz kvalitetu opskrbe (distribucija i opskrba)

1995.-2003.

- op¢i standardi vezani uz uslugu distribucije i opskrbe / Definition, collection and processing of

supply quality data (distribution and supply) - general distribution & supply standards

1996.-2004.

Mjerenje zadovoljstva kupaca uslugama distribucije i prijenosa; istrazivanja se obavljaju svake
godine / Measurement of customer satisfaction with distribution & supply services: yearly surveys

Utvrdivanje minimalnih standarda i oCekivane razine pokazatelja pouzdanosti opskrbe (na razini

2003.-

sustava) te komercijalne kvalitete / Establishing m

inimum standards and expected indices of

continuity of supply (at system level) and commercial quality

2004.-

2004.-

Elementi koje obuhvaca sadasnji sustav kvaliteta

opskrbe, a koji nadzire MEH su:

— izvjeScivanje o prekidima i njihova ocjena,

— ocjenjivanje zadovoljstva kupaca s uslugama
distribucije i opskrbe,

— garantirani standardi,

— opdi standardi,

— obveza uvodenja sustava upravljanja kvalite-
tom opskrbe i

— mehanizam poticanja pouzdanosti opskrbe
(nagrada-kazna).

Bitno je naglasiti MEH-ovu postupnost u uvode-
nju pojedinih poteza u razvoju regulacije kvalite-
te opskrbe, te Cinjenicu da su od samog pocetka
ukljuceni svi dionici (energetski subjekti, kupci,
regulatorno tijelo).

Krajcar, S., Stritof, 1., Regulacija kvalitete opskrbe elektricnom energijom

Uvodenje mehanizma poticanja pouzdanosti opskrbe (kazna/nagrada) / Introducing the continuity
supply incentive mechanisms (penalty/reward)

Utvrdivanje minimalnih zahtjeva i ocekivane razine kvalitete za pojedinac¢nog kupca - garantirani
standards / Setting minimum requirements and expected quality level for individual customers

The elements of the current MEH-controlled su-
pply quality system are:

— reporting on interruptions and their asses-
sment,

— assessment of customer satisfaction with dis-
tribution and supply services,

— guaranteed standards,

— general standards,

— mandatory introduction of a supply quality
management system, and

— continuity of supply incentive mechanism
(reward/penalty).

Itis important to note MEH's step-by-step approa-
ch in the development of supply quality regulation,
as well as the fact that from the outset all stake-
holders (energy undertakings, customers, the re-
gulatory authority) were involved in the process.
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lzvjescivanje o prekidima i njihova ocjena

U skladu s uvjetima iz dozvole koju izdaje MEH,
energetski subjekt koji obavlja djelatnost distribu-
cije, odnosno opskrbe, elektricnom energijom du-
zan je izraditi godiSnje izvjeSée. Godisnje izvjesce
mora sadrzavati i dio koji se odnosi na statistiku
prekida tijekom godine. Elementi statistike utvr-
deni su Odlukom MEH-a iz 1995. godine [14]:

— ukupna neisporucena energija zbog prekida
MW h],

— pokazatelj prekida [%o],

— prosjecno trajanje prekida [min],

— prekid po pojedina¢nom kupcu [kW h/kupac],

— broj VN prekida,

— broj SN prekida,

— ukupna neisporucena energija zbog SN preki-
da [MW h],

— trajanje SN prekida [h],

— broj NN prekida,

— specifi¢ni broj pojedina¢nih prekida (broj/1 000
kupaca) i

— specifi¢ni broj grupnih prekida.

MEH analizira dostavljena izvjeS¢a s ciljem:

— izrade izvjes¢a o prekidima na nacionalnoj

razini i
— ocjene svakog pojedinog distributera,
usporeduju¢i  ih  medusobno, odnosno

usporedujucih ih s nacionalnim prosjekom.

Podaci koji se odnose na NN prilike prikupljaju
se i obraduju uglavnom rucéno. Stoga su znacaj-
na nastojanja od strane MEH-a usmjerena k us-
postavi informacijskog sustava kojim bi se podaci
automatski prikupljali, obradivali i analizirali, Sto
bi u velikoj mjeri povecéalo pouzdanost podataka
kao i dalo veéu vjerodostojnost sustavu pracenja
kvalitete opskrbe. Uspostavljanje jedinstvenog
sustava pracenja kvalitete opskrbe u Madarskoj
se nametnuo kao prioritet ve¢ od samih poCetaka
liberalizacijskog procesa.

Ocjenjivanje zadovoljstva kupaca s us-
lugama distribucije i opskrbe

MEH provodi istraZivanje o zadovoljstvu kupaca
s uslugama distribucije i opskrbe elektricnom
energijom na godisnjoj razini od 1996. godine. Me-
todoloski se istrazivanje mijenjalo i usavrSavalo.
MEH-ova su nastojanja posti¢i 95 % pouzdanosti
u uzorkovanju. Kao posljedica takvih nastojanja u
2007. godini provedeno je istrazivanje na uzorku

od 7 200 kucanstava i 1 800 kupaca u kategoriji
ostali [15].

Pitanja postavljena u istraZivanju su koncipirana
na nacin da pokriju sljedece elemente:

Reporting on interruptions and their as-
sessment

Pursuant to the terms and conditions of the ener-
gy license issued by MEH, the electric power dis-
tribution or supply system operator is required to
prepare an annual report. The annual report must
include the part relating to interruption statistics
for the respective year. The statistics elements are
defined in the MEH Decision of 1995 [14]:

— total energy not supplied due to interruptions
[MW h],

— interruption index [%o],

— average interruption duration [min],

— interruption by customer [kW h/customer],

— number of HV interruptions,

— number of MV interruptions,

— total energy not supplied due to interruptions
MW h],

— duration of MV interruptions [h],

— number of LV interruptions,

— specific number of individual interruptions
(number/1 000 customers), and

— specific number of group interruptions.

The submitted reports are analyzed by MEH with
the purpose to:

— prepare reports on interruptions at national
level, and

— assess each distributer by comparing them
mutually and with the national average.

Data relating to LV conditions are collected and
processed manually for the most part, so major
efforts are focused on the establishment of an
information system for automatic data collecti-
on, processing and analysis, which would greatly
enhance data reliability and lend more credibility
to the quality monitoring system. Putting a cen-
tral quality monitoring system in place has been
seen in Hungary as a priority task from the very
beginnings of the liberalization process.

Assessment of customer satisfaction with
distribution and supply services

Since 1996 MEH has been conducting yearly
surveys on customer satisfaction with electricity
distribution and supply services. Survey methods
have been subject to modifications and improve-
ments. MEH strives for 95 % sampling reliability.
That is why the survey 2007 was conducted on a
sample of 7 200 households and 1 800 customers
in the category others [15].

The questions asked in the survey were conceived
to cover the following elements:
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— kvalitetu opskrbe,

— operativne odnose s kupcima,
— komunikaciju s kupcima,

— cijene/tarife i

— zastitu okolisa.

Odvojeni upitnici, kao i nacin obrade i ocjene re-
zultata, priredeni su za dvije kategorije kupaca:
domacinstva i ostali kupci. Svako od pitanja kon-
cipirano je na nacin da kupac ocijeni svoje zado-
voljstvo (Z) s predmetnom uslugom te da ocijeni
vaznost (¥) koju ta usluga ima za njega. Za svaku
od usluga na temelju odgovora racuna se razlika
izmedu zadovoljstva i vaznosti kako bi se utvrdile
usluge koje se pruzaju ispod, odnosno iznad oCe-
kivanja kupaca.

Unutar pojedinih grupa pitanja, prioriteti su dani
sljededim elementima:

— kvaliteta opskrbe:
podrucja kvalitete i
otklanjanje prekida,

— operativni odnos s kupcima:
oCitanje, ispostava racuna,
nacin naplate i
postupanje sa zalbama,

— komunikacija s kupcima:
procjena broja zaposlenih,
pruzanje informacija i
odnosi s javnoscu,

— cijene:
tarifne stavke,
popusti i
tarifne zone.

— supply quality,

— operating relations with customers,
— communication with customers,

— prices/tariffs, and

— environmental protection.

For two customer categories, households and
other customers, separate questionnaires and
methods of processing and evaluations of results
were prepared. Each question was so conceived
that a subject could assess his or her satisfaction
(2) with the respective service and the importance
(V) the respective service had for him or her. Ba-
sed on the answers given for each of the services,
the difference is computed between satisfaction
and importance in order to single out the services
rendered below or above customer expectations.

Within the groups of questions priorities were gi-
ven to the following elements:

— supply quality:
quality area, and
interruption repair,

— operating relation with customers:
read-out, billing,
manner of payment, and
dealing with complaints,

— communication with customers:
estimated number of employees,
provision of information, and
public relations,

— prices:
tariff items,
discounts, and
tariff zones.

Tablica 6 - Rezultati istraZivanja zadovoljstva kupaca s najvaznijim uslugama distribucije u Madarskoj u razdoblju

od 2004. do 2007. godine (kategorija domacinstva)

Table 6 - Results of customer satisfaction survey covering the most important distribution services in Hungary in

the period 2004-2007 (household category)

Element kvalitete / Quality Zadovoljstvo / Satisfaction

elements [%]
2004 2005 2006 2007

i Service
Kvaliteta usluga / Service 791 798 798 807
quality
E’ouzdanost napajanja / 803 811 825 823
Continuity of supply

ilacii /oltage
O,SC“?C‘Je,hapona /Voltage 798 799 805 823
oscillations
Moguénost povecanja
proizvodnje / Production 76,2 754 818 825
increase possibility
Ponovna uspostava napajanja 677 713 704 712
/ Power supply resumption
Odnosi s kupqma/Rctatwaws 830 842 861 877
with customers
Informacije / Information 77,0 79,0 80,7 838
Zaposlenici / Employees 918 91,9 940 934

Vaznost / Importance Razlika / Difference

[%] (%]
2004 2005 2006 2007 2004 2005 2006 2007
86,9 867 858 893 -78 -69 -60 -8¢6
27,30 R76308 B9 48 R96198 B=11700) B=1574 8=1439 B=1476
87,9 890 902 922 = =0 =27 =99
685 673 61,0 721 7.7 8,1 208 104
e RS | e | SRS | =261 =22B| =247 <246
84,9 84,7 847 8972 =19 =05 1.4 =15
848 838 836 895 = =4l =29 =87
851 856 859 889 6,7 6,3 8,1 4,5
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Tablica 6 prikazuje rezultate istrazivanja za kate-
goriju domacinstva u razdoblju od 2004. do 2007.
godine za najvaznije usluge (po ocjeni kupaca) u
podrucju distribucije elektri¢ne energije [15]. Re-
zultati pokazuju da zadovoljstvo elementima koji
su predmet istrazivanja uglavnom blago raste
tijekom godina. No, razlika izmedu vaznosti i za-
dovoljstva se u pojedinim elementima istrazivanja
ne smanjuje bududi da kupci pojedine elemente
koji su predmet istrazivanja smatraju sve vazniji-
ma (npr. ponovna uspostava napajanja ili oscilacija
napona). lako se postavlja pitanje koliko je pove-
¢anju zadovoljstva kupaca uslugama koje pruzaju
energetski subjekti pridonio rad MEH-a na uvode-
nju sustava pracenja kvalitete, neupitna je nuznost
uvodenja kupaca kao jednog od bitnih dionika u

regulaciji kvalitete opskrbe.
Garantirani standardi

Tijekom godina MEH je o problemu garantiranih
standarda analizirao praksu drugih regulator-
nih tijela, a posebice praksu regulatornih tijela iz
Engleske (OFGEM), Irske, Francuske, Australije i
SAD-a. U tom kontekstu pozornost je bila usmje-
rena na standarde koji se namecu opskrbljivacima
(komercijalna kvaliteta), znacajke koje su vaZzne
kupcima, kompenzaciju u slucaju da opskrbljivac
ne ispuni utvrdene standarde i slicno. Tijekom
1997. godine MEH je na osnovi istraZivanja, i u
suradnji s domacim strucnjacima, izradio nacrt
prijedloga Garantiranih standarda koji nije naisao
na pozitivni odjek kod madarskih distributera, od-
nosno opskrbljivaca.

Pouceni prvim iskustvima MEH je tijekom 1998.
godine nizom pregovora s opskrbljivacima na-
stojao posti¢i kompromis na nacin da se utvrde
garantirani standardi koje je u praksi moguce
zadovoljiti. Tijekom pregovora nastojalo se postici
kompromis oko sljedecih pojedinosti:

— utvrdivanje kategorije kupaca na koje ¢e se
primijeniti garantirani standardi - npr. garan-
tirani standardi ¢e se primijeniti samo na kat-
egoriju kucanstva i to samo u slu¢aju normal-
nih vremenskih prilika,

— definiranje samo garantiranih standarda koji
su svima razumljivi i

— jedinstvena i ujednacena interpretacija
sadrzaja i nacina mjerenja garantiranih stan-
darda dat e se svim opskrbljivacima.

Ono Sto se pokazalo vrlo bitnim tijekom pregovora
s opskrbljivaima i udrugama za zastitu potrosa-
¢a odnosi se na tocnost definiranja pojma svakog
pojedinog garantiranog standarda. Definiranje
pojma garantiranog standarda obuhvaca definira-
nje terminologije, nacina dostavljanja zahtjeva za
kompenzacijom, roka za podnosenje Zalbe, utvrdi-
vanje prava na zalbu, te nacin, iznos i rok placanja

Table 6 shows survey results for the household ca-
tegory in the period 2004-2007 covering the most
important services (as assessed by customers) in
the area of electric power distribution [15]. The
results show that, on the whole, satisfaction with
the survey elements has been gently rising over
years. However, the gap between importance and
satisfaction is not narrowing, since certain survey
elements are viewed by customers as increasingly
important (e.g., power supply resumption or volta-
ge oscillation). The question is how much MEH's
work on the introduction of the quality monitoring
system has contributed to customer satisfaction
with services provided by energy undertakings,
but there is no doubt about the need to bring cu-
stomers into play as one of crucial stakeholders in
the area of supply quality regulation.

Guaranteed standards

Over years MEH has been studying the problem
of guaranteed standards through the practice of
foreign regulatory authorities, especially those of
England (OFGEM), Ireland, France, Australia and
USA. In this respect the focus was on standards
imposed on suppliers (commercial quality), cha-
racteristics relevant to customers, compensation
if a supplier fails to comply with the defined stan-
dards, etc. In 1997, based on research and in co-
operation with domestic experts, MEH prepared a
draft proposal of Guaranteed Standards which did
not find a favorable response among the Hungari-
an distributers and suppliers.

Using the lessons of initial experiences, in 1998
MEH started a series of negotiations with suppli-
ers in an effort to reach a compromise by esta-
blishing guaranteed standards that can be met
in practice. The compromise was sought on the
following matters:

— defining the category of customers to whom
the guaranteed standards will be applied -
e.g., the guaranteed standards will be applied
only to the household category and only in
normal weather conditions,

— defining only those guaranteed standards
which will be understandable to all, and

— a uniform and balanced interpretation of the
content and method of measuring the guar-
anteed standards to be given to all suppliers.

During the negotiations with suppliers and consu-
mer protection associations an accurate definition
of each standard proved to be crucial. The definiti-
on of the concept of a guaranteed standard inclu-
des the definition of terms, the manner of claiming
compensation, the deadline for lodging a compla-
int, establishing the entitlement to complaint, the
method, amount and time limit of compensation
payment (for example, a full definition of the gua-
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kompenzacije (npr. potpuna definicija garantiranog
standarda otklanjanja lokalnog prekida je: ukoliko
kupac obavijesti opskrbljivaca o prekidu opskrbe u
svojoj zgradi, dok u susjednoj zgradi opskrbe ima,
opskrbljivac je duzan poslati tehnicare na lokaciju
u roku od 4 sata od trenutka prijave u Budimpesti,
8 sati u gradovima i 24 sata u drugim mjestima).
Nakon Sto su se precizno utvrdili svi navedeni ele-
menti, MEH je u 1999. godini donio odluku o ga-
rantiranim standardima:

— otklanjanje lokalnog prekida,

— otklanjanje prekida koji je zahvatio nekoliko
kupaca,

— prikljucenje novih kupaca na mrezu,

— informacija koja se daje u odgovoru na zahtjev
kupca i

— informacija u odgovoru na pisani zahtjev.

Op¢i standardi

U skladu sa zakonskom obvezom MEH je tijekom
1997. godine u suradnji sa struc¢njacima i na te-
melju inozemnih iskustava izradio prijedlog opcih
standarda. Usporedo s definiranjem standarda,
MEH je zajedno s opskrbljiva¢ima radio na izradi
sustava za biljeZenje i obradu podataka bez ko-
jeg nije moguce pratiti podatke vezane uz opce
standarde. Kao i za garantirane standarde prije
donosenja odluke od strane MEH-a o pracenju
opcih standarda bilo je potrebno jasno definirati
terminologiju i metodologiju mjerenja i racunanja
pojedinog standarda.

Op¢i standardi vezani uz distribuciju i opskrbu

elektri¢cnom energijom koji se prate na temelju
odluke MEH-a su sljedeci:

— prosjecna frekvencija prekida po kupcu,

— prosjec¢no trajanje prekida po kupcu,

— prosjec¢no trajanje prekida po kupcima koje je
obuhvatio prekid,

— vrijeme potrebno za ponovno uspostavljanje
opskrbe,

— vrijeme potrebno za ponovno uspostavljanje
opskrbe kod najavljenih prekida,

— Zzalbe u svezi s kvalitetom napona,

— napon koji kontinuirano nije u skladu sa stan-
dardima,

— opca pouzdanost nadzemne mreZe,

— opca pouzdanost kabelske mreze,

— vrijeme koje je potrebno za davanje odgovora s
informacijama vezanim uz novi prikljucak,

— prikljucenje na mrezu,

— prosje¢no vrijeme potrebno za rjesavanje
prigovora kupaca vezanim uz brojilo i

— parametri pozivnog centra.

Na osnovi podataka koji se prate i obraduju, MEH

je u mogucnosti provesti medunarodnu uspored-
bu mijerila podataka vezanih uz kvalitetu opskrbe.
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ranteed standard of repairing a local outage would
be as follows: if a customer notifies the supplier
about an outage in his or her building, while the
adjacent building is supplied with electricity, the
supplier is obligated to send technicians to the
location within 4 hours of the notification in Buda-
pest, 8 hours in other cities and 24 hours in other
places). Once all the mentioned elements were
precisely defined, in 1999 MEH made a decision
on the guaranteed standards:

— repair of local outage,

— repair of outage affecting several customers,

— network connection of new customers,

— information given in reply to the customer’s
request, and

— information given in reply to a written request.

General standards

In accordance with its legal obligations, during
1997 MEH, in cooperation with experts and ba-
sed on foreign experiences, prepared a proposal
of general standards. Along with the work on the
definition of general standards, MEH worked in
conjunction with suppliers on a data recording
and processing system without which it is impo-
ssible to follow up data relating to general stan-
dards. As in the case of the guaranteed standards
before MEH's decision on their monitoring, it was
necessary to clearly define terminology and the
methodology of measurement and calculation of
a standard.

General standards on electricity distribution and
supply, which are monitored according to MEH's
decision, are as follows:

— average interruption frequency per customer,

— average interruption duration per customer,

— average interruption duration by customers
affected by interruption,

— time required for resumption of supply,

— time required for resumption of supply with
announced interruptions,

— complaints about voltage quality,

— voltage continuously deviating from stan-
dards,

— general reliability of overhead network,

— general reliability of underground cable net-
work,

— time needed for giving answers with informa-
tion on new connection,

— network connection,

— average time required to solve meter com-
plaints, and

— reference center parameters.

Owing to data being followed up and processed,
MEH is able to carry out an international bench-
marking of supply quality data. Upon entry into the
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Ulaskom u Europsku uniju MEH je stekao pravo
Clanstva u CEER-u, Sto je isto tako pogodovalo
provodenju medunarodnih usporedbi po mijerilu.
Iskustva i nastojanja MEH-a u uspostavljanju re-
gulacije kvalitete opskrbe, omogucila su MEH-u
da aktivno sudjeluje u projektima CEER-a kojima
se nastoji izraditi vierodostojna usporedba mjerila
pouzdanosti opskrbe vec¢ od samih pocetaka ¢lan-
stva.

U prikupljanju podataka vezanih uz pokazatelje
pouzdanost opskrbe, MEH se joS uvijek susrece s
faktorom nepouzdanosti podataka. Naime, poda-
ci koji se odnose na broj kupaca i neisporucenu
energiju u slucaju ispada pojedinog voda temelje
se na procjeni. Zbog toga je i osnovana radna sku-
pina kojoj je cilj uspostaviti sustav koji bi na jedin-
stven i pouzdan nacin primijenili svi opskrbljivaci
elektri¢ne energije.

Obveza uvodenja sustava upravljanja
kvalitetom

Jedan od uvjeta koji regulatorno tijelo moZe na-
vesti u dozvoli za obavljanje energetske djelat-
nosti distribucije, odnosno opskrbe, elektricnom
energijom je obveza uvodenja sustava upravljanja
kvalitetom opskrbe. Na taj nacin regulatorno tijelo
moze prisiliti energetski subjekt da poboljsa ucin-
kovitost svojih aktivnosti te unaprijedi organizaci-
ju. MEH je smatrao da nema potrebe da uvjetima
iz dozvole namece potrebu uvodenja certificiranog
sustava pracenja kvalitete (ISO 9001 i sl.), vec je
zahtijevao od energetskih subjekata da mu na
godisnjoj razini dostavljaju plan upravljanja kva-
litetom opskrbe iz kojeg je vidljivo na koji nacin i
kojom dinamikom ¢e energetski subjekt razvijati
sustav upravljanja kvalitetom te Sto je u meduvre-
menu ostvareno.

Rezultati ovakvog pristupa pokazuju da su ener-
getski subjekti u segmentu svojih djelatnosti veli-
ku vaZnost dali uspostavljanju sustava upravljanja
kvalitetom. Neki su ak uvelii certificirane sustave
upravljanja kvalitetom. Na taj nacin subjekti su se
u smislu standarda svojih usluga, nacina rada i
organizacije u velikoj mjeri priblizili ocekivanju ku-
paca te prilagodili na izazove trziSnog poslovanja.

Mehanizam poticanja pouzdanosti op-
skrbe (nagrada-kazna)

Energetskim zakonom iz 2003. godine MEH je
za uspostavljanje mehanizama za pracenje razi-
ne kvalitete opskrbe dobio zaduZenje utvrdivanja
minimalnih standarda i oCekivane razine opskrbe.
Uvodenje minimalnih standarda i o¢ekivane razine
kvalitete opskrbe preduvjet je za uvodenje regula-
cije koja, osim poticajne regulacije u troSkovnom
smislu, sadrzava i elemente kvalitete opskrbe.

European Union, MEH qualified for CEER mem-
bership, which facilitated such benchmarking.
MEH's experiences and efforts in establishing a
supply quality regulation system enabled MEH to
take an active part in CEER projects aimed at cre-
dible continuity of supply benchmarking from the
very start of EU membership.

In gathering data relating to continuity of supply
indices, MEH still encounters the factor of data
non-reliability. The reason is that data on the
number of customers and unsupplied energy in
the event of a transmission line failure are based
on estimate. That is why a working group has been
set up with the task to put a system in place which
would be used by all electricity suppliers in a uni-
form and reliable way.

Mandatory introduction of a supply qual-
ity management system

One of the conditions that the regulatory authority
may include in the energy license is the obligation
to introduce a quality management system. In this
way the regulatory authority can force the energy
undertaking to improve its efficiency and organi-
zation. MEH felt that there was no need to add to
the license conditions the obligation to introduce
a certified quality management system (ISO 9001.
etc.), instead it demanded from energy underta-
kings to submit annual quality management plans
showing how and at which pace they will develop
the quality management system and what has
been done to date.

The results of such an approach show that in the
segment of their activities the energy undertakin-
gs attach great importance to the establishment
of the quality management system. Some of them
have even introduced certified quality manage-
ment systems. Anyway, in terms of the standards
of their services, methods of works and organiza-
tion the energy undertakings have to a conside-
rable degree fulfilled customer expectations and
adapted themselves to the challenges of market
economy.

Continuity of supply incentive mechanism
(reward/penalty)

Under the Energy Act 2003 MEH is tasked to esta-
blish minimum standards and expected supply
quality levels as a part of quality monitoring mec-
hanisms. The introduction of minimum standards
and expected supply quality levels is a preconditi-
on for the introduction of a kind of regulation that
in addition to cost incentives contains supply qua-
lity elements.

Minimum supply quality level for 2004 in the se-
gment of continuity of supply was defined on the
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Minimalna razina kvalitete opskrbe (za 2004. godi-
nu) u segmentu pouzdanosti opskrbe utvrdena je na
osnovi podataka iz prethodne tri godine:

— godisnji broj prekida po kupcu: 1,66 do 3,01,

— godisnji broj sati izgubljenih po kupcu: 3,12 do
6,27,

— uspostavljenje opskrbe u slucaju neplaniranih
prekida: u 3 sata 70 % do 84 %, u 24 sata 85 % do
100 %.

MEH je uspostavio i mehanizam poticanja pouzda-
nosti opskrbe u smislu kaznenih mjera ukoliko se
ostvare odstupanja od minimalne utvrdene razine

[131:

— odstupanje manje od 5 %: oko 200 000 EUR i
— odstupanje vece od 5 %: oko 400 000 EUR.

U prethodnom tekstu dano je obrazloZenje prednosti
uvodenja poticajne ekonomske regulacije povezane s
kvalitetom opskrbe u odnosu na poticajnu regulaciju
koja u obzir uzima samo ekonomsko-financijske as-
pekte, a ne i parametre kvalitete opskrbe. Sukladno
tome MEH u zadnjih nekoliko godina pokuSava ra-
zviti metodologiju regulacije koja se zasniva na utvr-
divanju tarifa na osnovi analize izlaznih pokazatelja.
Poveznica su kaznene mjere koje se izravno odnose
na razinu tarifa ukoliko energetski subjekt ne zado-
volji razinu kvalitete koju je MEH utvrdio. Elementi
poticajnog mehanizma povezani su s pokazatelji-
ma pouzdanosti opskrbe SAIDI, SAIFI i broj ispada.
Ukoliko je razina ostvarenih vrijednosti za navedene
pokazatelje manja od utvrdenih minimalnih razina,
smanjuje se iznos distribucijske naknade i to [13]:

— zaodstupanjeod 5% do 10% = 0,5%i
— za odstupanje vece od 10 % = 1,0 %.

Svaki od parametara uzima se u obzir pojedinacno,
Sto znadi da je maksimalno moguée smanjenje na-
knade zbog ostvarene manje razine pouzdanosti op-
skrbe od utvrdene 3 %. Nadalje, ukoliko je ostvarena
razina pokazatelja veca od minimalne za znacajni
postotak, moguce je energetskom subjektu, kroz tzv.
bonus, dozvoliti zadrzavanje veceg profita od utvrde-
nog (napomena: u Madarskoj je uveden regulatorni
mehanizam podjele profita - engl. Profit-Sharing
Mechanism).

S obzirom na dugogodiSnju praksu u uspostavlja-
nju mehanizama utvrdivanja i praéenja kvalitete
opskrbe, MEH-ovo je stajaliste da regulatorno tijelo
prilikom utvrdivanja pokazatelja kvalitete opskrbe i
njihove razine, prije svega, mora biti pragmaticno.
Pri tome se podrazumijeva da prije utvrdivanja po-
kazatelja koji ¢e se mjeriti i na kojima ¢e se temeljiti
sustav poticaja, regulatorno tijelo mora od svih inte-
resnih strana zatraziti misljenje. Sto se tice kupaca
potrebno je ocijeniti znacenje pojedinog pokazatelja
kao i razinu pokazatelja s kojom su kupci zadovolj-

basis of data from three previous years:

— annual interruptions per customer: 1,66 to
3,01,

— annual hours lost per customer: 3,12 to
6,27,

— resumption of power supply in the event of
unplanned interruptions: in 3 hours 70 % to
84 %, in 24 hours 85 % to 100 %.

MEH also established a continuity of supply in-
centive mechanism linked to penalties in the
event of deviations from the defined minimum
levels [13]:

— deviation less than 5 %: 200,000 EUR, and
— deviation more than 5 %: 400,000 EUR.

In the foregoing text an explanation was given
of the advantages of a quality-linked incentive
regulation compared to an incentive regulation
solely based on economic and financial consi-
derations to the exclusion of quality parame-
ters. Consequently, in the past several years
MEH has been trying to develop a regulation
methodology based on tariffs determined by
analyzing the output indices. What links them
are penalties directly related to the tariff level if
the energy undertaking fails to reach the quality
level defined by MEH. The elements of the in-
centive mechanisms are linked to the continuity
of supply indices, SAIDI, SAIFI and the number
of interruptions. If the level of attained values
for the said indices is lower than the defined
minimum levels, the distribution fee is reduced
as follows [13]:

— deviation 5% to 10 % = 0,5 %, and
— deviation exceeding 10 % = 1,0 %.

Each of the parameters is taken into account
separately, meaning that maximum fee reducti-
on due to lower continuity of supply performan-
ce than established is 3 %. On the other hand, if
the reached index level is higher than minimum
by a wide margin, it will be possible to allow the
energy undertaking to retain through a bonus a
higher profit than envisaged (note: in Hungary
the profit sharing mechanism has been put in
place).

After years of experience with the introduction
of quality control mechanisms, MEH's position
is that in defining the supply quality indices and
their levels the regulatory authority must be
first of all pragmatic. This means that before
establishing the indices which will be measu-
red and on which the incentive system will be
based, the regulatory authority must seek an
opinion from all interested parties. As far as cu-
stomers as concerned, it is necessary to assess
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ni. S druge pak strane s energetskim subjektima
potrebno je utvrditi mogucnost prikupljanja po-
trebnih podataka i informacija. Kao treca strana
namece se i politika i njeni interesi koje je takoder
potrebno procijeniti s obzirom da odluke MEH-a
imaju znacajan utjecaj na prihode energetskih su-
bjekata, kao i na razinu investicija koje je potrebno
realizirati radi postizanja odredene razine kvalitete
opskrbe.

Nadalje, kod uspostave sustava pracenja kvalitete
opskrbe bitan segment je pouzdanost podataka
koje objavljuju energetski subjekti u svojem godis-
njem izvjeScu. Stoga je bitno da se detaljno defini-
ra nacin prikupljanja i obrade/izracuna podataka,
nacin izvjesc¢ivanja kao i terminologija. Zakljucno,
atemeljeno na iskustvu MEH-a, uvodenije financij-
skih poticaja mogude je tek nakon Sto regulatorno
tijelo ima povjerenje u pouzdanost prijavijenih/
objavljenih podataka.

MOGUCNOST PRIMJENE
MADARSKOG MODELA REGU-
LACIJE KVALITETE OPSKRBE
U REPUBLICI HRVATSKOJ

MEH je u provodenju regulatorne prakse u ranoj
fazi prepoznao vaznost regulacije kvalitete op-
skrbe te je nastojao slijediti temeljne uvjete za
uspostavljenje uspjesnog i funkcionalnog sustava
regulacije kvalitete opskrbe (potpoglavije 3.2.1).
Ovakvo postupanje regulatornog tijela rezultiralo
je u funkcionalnom modelu regulacije kvalitete
opskrbe integriranom u regulaciji cijene usluge.
Da bi regulacija kvalitete opskrbe dobila na vazno-
sti i da bi se u praksi mogla nesmetano provoditi
nuzno je da i zakonodavac prepozna njezinu vaz-
nost te da utvrdi ulogu, nadleZnosti i ovlasti regu-
latornog tijela u zakonodavnom okviru.

Postavlja se pitanje, je limoguce madarski primjer
regulacije kvalitete opskrbe kao primjer pozitivne
prakse slijediti u Hrvatskoj i koje su prepreke za
primjenu takvog modela. Mogucnost primjene
modela i prepreke za njegovu primjenu trebaju se
sagledati s tri aspekta:

— zakonodavnog,
— regulatornog i
— tehnickog.

Problematika koja razmatra kvalitetu opskrbe
elektricnom energijom i utvrduje ulogu regula-
tornog tijela u Republici Hrvatskoj obuhvaéena je
Zakonom o energiji, Zakonom o regulaciji ener-
getskih djelatnosti, Zakonom o trZistu elektri¢ne
energije te pripadaju¢im podzakonskim aktima
Opéim uvjetima za opskrbu elektricnom ener-

the importance of a particular index and the index
level with which customers are satisfied. On the
other hand, with energy undertakings it is nece-
ssary to sea about the potentials of required data
and information collection. Coming into play as a
third party is politics and its interests that should
also be assessed, because MEH's decision have a
significant impact on both the income of energy
undertakings and the level of investments requi-
red to reach specific supply quality standards.

Furthermore, when establishing a supply quali-
ty monitoring system the crucial segment is the
reliability of data released by energy undertakings
in their annual reports. It is therefore essential to
define in detail the way of data collection, proce-
ssing and calculation, the reporting method and
terminology. In conclusion, and based on MEH's
experience, the introduction of financial incentives
is possible only after the regulatory authority can
trust the reliability of reported/released data.

POSSIBLE APPLICATION OF
THE HUNGARIAN MODEL OF
SUPPLY QUALITY REGULA-
TION IN CROATIA

At an early stage of its regulatory practice MEH
became aware of the importance of supply quali-
ty regulation and thus tried to adhere to the basic
conditions for establishing a successful and fun-
ctioning supply quality regulation system (section
3.2.1). This kind of attitude of the regulatory aut-
hority resulted in a functioning supply quality re-
gulation model integrated into the price regulation
system. For the supply quality regulation to gain in
importance and in order to ensure its unimpeded
implementation in practice, it is also necessary
that the legislator recognizes its importance and
defines the role and competencies of the regula-
tory authority within the legislative framework.

Now the question is whether the Hungarian
example of supply quality regulation as an exam-
ple of good practice can be followed in Croatia and
what obstacles are in the way of the application of
such a model. The applicability of the model and
obstacles to its application should be viewed from
three aspects:

— legislative,
— regqulatory, and
— technical.

The issues concerning the quality of electricity
supply and determining the role of the regulatory
authority in Croatia are addressed by the Energy
Act, the Act on Regulation of Energy Activities,
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gijom i MreZnim pravilima elektroenergetskog
sustava. Zakon o regulaciji energetskih djelat-
nosti [16] definira da je Hrvatska energetska
regulatorna agencija (HERA) nadleZna za nad-
zor nad kvalitetom usluge elektricne energije i
za davanje misljenja na prijedlog Opcih uvjeta za
opskrbu elektri¢cnom energijom. Vlada Republi-
ke Hrvatske ¢imbenik je koji donosi standardne
razine kvalitete opskrbe elektricnom energijom
te naknade za odstupanje, a na prijedlog nadlez-
nog ministra i uz misljenje HERA-e [17]. Ovako
definiranom nadleznos¢u HERA-e regulatorno
tijelo nije prepoznato kao jedan od nuznih dio-
nika (slika 2) u uspjeSnom uvodenju sustava
kvalitete opskrbe. HERA-ina uloga kao nuznog
dionika prvenstveno bi trebala biti koordiniranje i
usmijeravanje procesa uvodenja sustava kvalite-
te opskrbe reguliranih subjekata te sagledava-
nja ocekivanja svih drugih dionika u procesu. Iz
navedenog se moze zakljuciti da je zakonodavni
okvir prepreka za izravnu mogucnost primjene
madarskog modela u hrvatskom kontekstu.

Ova prepreka je tim naglasenija ukoliko se uzme
u obzir da je jedan od temeljnih uvjeta za uspjes-
nu regulatornu praksu i taj da uvedeni sustav
kvalitete opskrbe ne bi trebalo razmatrati kao
trajno rjeSenje, vec bi se trebale provoditi peri-
odicne evaluacije sustava i eventualne revizije.
Ukoliko se proces uvodenja sustava regulacije
kvalitete podize na razinu Vlade Republike Hr-
vatske, on dobiva na znacenju, ali smanjuje se
mogucnost njegove periodicne evaluacije i su-
stavne revizije.

Regulatorna praksa MEH-a pokazuje da je ono
zapocCelo s elementima regulacije kvalitete op-
skrbe i prije nego Sto mu je zakonodavni okvir
eksplicite definirao nadleznost utvrdivanja mini-
malnih standarda kvalitete opskrbe. Dakle, MEH
je preuzeo aktivnu ulogu u segmentima u kojima
mu je to zakonski okvir dozvoljavao:

— uveo je poticajnu regulaciju cijena usluga,

— definirao je, prikupljao i obradivao podatke
vezane uz kvalitetu opskrbe (distribucija i op-
skrba),

— utvrdio je opce standarde vezane uz uslugu
distribucije i opskrbe i

— mjerio je zadovoljstva kupaca s uslugama
distribucije i prijenosa.

Uvodenje je operativnog sustava kvalitete op-
skrbe i njegovo integriranje s regulacijom cijene
usluga dugotrajan proces. Stoga bi HERA na isti
nacin kao MEH trebala preuzeti aktivniju ulogu
u nadleznostima koje su joj ve¢ propisane za-
konodavnim okvirom kao Sto je to utvrdivanje
metodologije za izracun naknade za koristenje
distribucijske mreZe, davanje suglasnosti na

trogodiSnji plan razvoja i izgradnje distribucijske

the Electricity Market Act and pertaining subordi-
nate legislation, the General Conditions for Elec-
tricity Supply, and the Electric Power System Grid
Codes. The Act on Regulation of Energy Activities
[16] stipulates that the Croatian Energy Regulation
Agency (CERA) is responsible for quality control of
electricity services and giving opinions on proposed
General Conditions for Electricity Supply. The Croa-
tian Government, at the proposal of the responsible
minister and with CERA's opinion, decides on stan-
dard quality levels for electricity supply and com-
pensations for deviation. [17]. With CERA's respon-
sibility thus defined, the regulatory authority is not
recognized as one of crucial stakeholders (Figure 2)
in the process of putting a supply quality system in
place. CERA's role as a crucial stakeholder would
first of all consist in coordinating and streamlining
the process and identifying the expectations of the
participants in the process other than regulated un-
dertakings. In other words, the existing legislative
framework is a barrier to a direct applicability of the
Hungarian model in the Croatian context.

This barrier is the more obvious if one bears in mind
that one of basic conditions for the success of a re-
gulatory practice is that the introduced supply qua-
lity system is never considered a permanent soluti-
on, that instead it should be subjected to periodical
reviews and even revisions if needed. If the process
of introducing a quality regulation system is raised
to the level of the Croatian Government, it does gain
in importance, but the room for its periodical review
and systematic revision is narrowed.

MEH's regulatory practice shows that it had started
with the elements of supply quality regulation even
before the legislative framework defined the res-
ponsibility for laying down minimum quality stan-
dards. Therefore, MEH assumed an active role in
the segments in which the legal framework allowed
it to act, viz.:

— MEH introduced incentive price regulation,

— defined, collected and processed data on distri-
bution and supply quality,

— defined general standards of distribution and
supply services, and

— measured customer satisfaction with distribu-
tion and supply services.

The introduction of an operating supply quality sy-
stem and its integration with price regulation is a
long process. Like MEH, CERA should also assu-
me a more active role within the responsibility
already assigned to it under the existing legislative
framework, such as the definition of methodology
for calculating the distribution network usage fee,
approval of the three-year distribution network de-
velopment and construction plan, service quality
surveillance, etc. This would be in line with another
basic condition for good practices in the field of su-
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mreze, nadzor na kvalitetom usluga i sl. Time bi
se zadovoljio joS jedan od temeljnih uvjeta dobre
prakse uvodenja regulacije kvalitete opskrbe, a to
je postupnost u uvodenju i provodenje koraka lo-
gi¢nim slijedom.

HERA je zaduZena za utvrdivanje metodologije
izracuna tarife za koristenje distribucijske mreze.
HERA se u 2006. godini odlucila za primjenu RoR
metode, dakle za klasicnu metodu regulacije cije-
na usluga, a ne za poticajnu regulaciju koja omo-
gudava integriranje regulacije kvalitete opskrbe u
model regulacije cijena usluga. Stoga bi kao prvi
korak u uklanjanju jedne od regulatornih prepre-
ka za primjenu madarskog modela bilo uvodenje
metode poticajne regulacije cijena usluga kao
modela za izracun tarife za koristenje distribucij-
ske mreze. Neke od regulatornih aktivnosti koje je
nuzno provesti prije uvodenja poticajne regulacije
Su:

— pracenje stvarnog razdvajanja izmedu djelat-
nosti (posebice analiza troSkova),

— analiza opravdanosti razine troskova,

— uvodenje duZeg regulatornog razdoblja,

— provodenje ravnanja po mjerilu i sl.

Nadalje, HERA daje suglasnost na trogodiSnji

plan razvoja i izgradnje distribucijske mreze. U

tom smislu HERA bi trebala pratiti realizaciju in-

vesticija i njihov utjecaj na poboljSanje kvalitete

opskrbe.

Konac¢no, HERA bi trebala biti ¢imbenik koji ¢e
prepoznati sve dionike u procesu te u suglasju s
time ukljuciti i stajaliSta kupaca u razmatranje i to
prije nego Sto donese svoje odluke. S tim u svezi,
HERA bi trebala zapoceti s praksom istraZivanja
zadovoljstva kupaca s uslugama energetskih su-
bjekata te, inter alia, na taj nacin omoguciti konti-
nuiran dijalog izmedu dionika.

Kao tredi aspekt razmatra se tehnicko pitanje koje
prije svega podrazumijeva sustavno i pouzdano
prikupljanje podataka. U tom smislu znacajne
prepreke ne postoje, bududi da je sustav pracenja
pokazatelja pouzdanosti opskrbe uveden 2007.
godine te da za razliku od Madarske u Republici
Hrvatskoj postoji samo jedan operator distribucij-
skog sustava. Stoga su smjernice za prikupljanje
i obradu podataka vec jedinstvene na cijelom dr-
zavnom teritoriju. Medutim, HERA mora na redo-
vitoj osnovi pratiti vierodostojnost tih podataka i
provoditi povremene audite kako bi se prikupljeni
i obradeni podaci po potrebi mogli uzeti u raz-
matranje prilikom uvodenja financijskih poticaja,
odnosno mehanizma poticanja pouzdanosti op-
skrbe (nagrada-kazna). Dodatne napore trebalo bi
jo$ uloZiti u sustav pracenja kvalitete usluga kao
podlogu za utvrdivanje opcih i garantiranih stan-
darda.

pply quality regulation, and that is a step-by-step
approach and taking action in logical order.

CERA is responsible to define methodology for
calculating the distribution network usage tariff. In
2006 CERA opted for the RoR method, the conven-
tional price regulation method, not for an incentive
regulation that would help integrate supply quality
regulation into the price regulation model. There-
fore, one of the first steps in removing a regulatory
barrier to the application of the Hungarian model
would be to introduce an incentive price regulati-
on model as a model for calculating the distribu-
tion network usage tariff. Some of the regulatory
activities to precede the introduction of incentive
regulation include:

— monitoring of actual unbundling (especially in
respect of cost breakdown),

— cost level justification analysis,

— introduction of a longer regulatory period,

— implementation of benchmarking, etc.

Furthermore, CERA gives its approval of the three-
year distribution network development and con-
struction plan. In this connection, CERA should
follow up the realization of investments and their
impact on supply quality improvement.

Finally, CERA should be an actor that will heed all
stakeholders and accordingly also take customer
views into account before making decisions. In
this regard CERA should start with surveys of cu-
stomer satisfaction with the services provided by
energy undertakings and thus facilitate, inter alia,
a continuous dialogue between the stakeholders.

Considered as the third aspect is the technical
issue that primarily includes systematic and re-
liable data collection. In this regard there are no
significant barriers, because in 2007 a continuity
of supply monitoring system was introduced and
because, unlike Hungary, Croatia has only one
distribution system operator. Thus the common
guidelines for data collection and processing are
already available in the whole national territory.
However, CERA must follow data credibility on a
regular basis and carry out occasional audits, so
that collected and processed data could be taken
into consideration where needed during the in-
troduction of financial incentives or continuity of
supply incentive mechanisms (reward/penalty).
Extra efforts should be put into the service quality
monitoring system as a basis for establishing ge-
neral and guaranteed standards.
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ZAKLJUCAK

Poticajna regulacija cijena usluga razvila se kao
posljedica neucinkovite metode regulacije cijena
usluga stopom povrata. Medutim, uvodenje po-
ticajne regulacije Ciji je naglasak na povecanju
ucinkovitosti, odnosno smanjenju troskova regu-
liranog subjekata, rezultiralo je u mnogim sluca-
jevima u smanjenju kvalitete opskrbe elektricnom
energijom. Da bi se sprijeCilo smanjenje kvalitete
opskrbe, odnosno da bi se njena razina povedala i
izjednacila na podrucjima sa slicnim obiljezjima,
regulatorna tijela uvode mehanizme za razvoj su-
stava pracenja kvalitete opskrbe te financijske po-
ticaje koji bi trebali stimulirati regulirane subjekte
da pruze odredenu razinu kvalitete opskrbe.

U clanku je detaljno analizirano iskustvo madar-
skog regulatornog tijela koje je uvelo poticajnu
regulaciju cijene usluga, a u kasnijoj fazi nadogra-
dilo ju postupno i sustavno s regulacijom kvalitete
opskrbe. Madarski primjer u odredenoj mjeri mo-
gla bi slijediti i RH-a, u kojoj jo$ nije zapoceto s
razvojem niti poticajne regulacije cijena usluga niti
regulacije kvalitete opskrbe. Stoga je nuZzno u RH
poticati stru¢ne diskusije i analize kojima bi cilj bio
razvoj i primjena integralnog modela regulacije
cijene usluga i kvalitete opskrbe. Pri tome se mo-
del mora temeljiti na pouzdanim podacima i infor-
macijama kao preduvjetima nuznim za primjenu
ucinkovitog integralnog modela. Isto tako potreb-
no je od pocCetka uvodenja regulacije kvalitete op-
skrbe ukljuciti sve dionike. Ovo prije svega podra-
zumijeva da regulacija kvalitete opskrbe mora biti
prepoznata u zakonskom smislu kao nadleZnost
regulatornog tijela.

CONCLUSION

Incentive price regulation has come into being
as a result of the inefficiency of the rate of return
method for regulation of prices. However, the in-
troduction of incentive regulation with emphasis
on higher cost efficiency has resulted in many
cases in lower electricity supply quality. In order
to prevent such developments, to raise the quali-
ty of supply and bring it on par with areas having
similar characteristics, the regulatory authorities
are introducing mechanisms for the development
of a supply quality monitoring system as well as
financial incentives designed to stimulate the
regulated undertakings to offer a certain level of

supply quality.

This article examines in detail the experience of
the Hungarian regulatory authority which intro-
duced an incentive price regulation system and
at a later stage upgraded it gradually and syste-
matically along with supply quality regulation. To
a certain extent the Hungarian example is appli-
cable in Croatia where the development of neither
incentive price regulation nor supply quality regu-
lation has started yet. Hence the need to encoura-
ge expert discussions and analyses in Croatia with
a view to developing and putting into practice an
integrated price and supply quality regulation mo-
del. The model must be based on reliable data and
information as a prerequisite for its efficient appli-
cation. Likewise, all the stakeholders ought to be
included. This means first of all that supply quality
regulation must be perceived in the legal sense as
the responsibility of the regulatory authority.
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SVICI - 1ZVORI HOMOGENIH
MAGNETSKIH POLJA
COILS - SOURCES OF

HOMOGENEOUS MAGNETIC

FIELDS

Dusan Vujevi¢, Zagreb, Hrvatska

Za umjeravanja instrumenata kojima se mjere magnetska polja, kao i za
razlicite pokuse i ispitivanja u elektrotehnici, fizici, medicini, biologiji i ostalim
znanstvenim i stru¢nim podrucjima, rabe se izvori poznatih homogenih
magnetskih polja. Ovisno o vrijednosti Zeljenog magnetskog polja to mogu

biti permanentni ili elektromagneti te, Cesce, razliciti svici koji se napajaju
istosmjernom, izmjeni¢nom ili impulsnom strujom. Homogena magnetska
polja koja se postizu svicima ili sustavima svitaka u Sirokom su rasponu od
reda velicine mikrotesle, s obi¢nim svicima, do reda velicine deset tesla sa
supravodljivim svicima.

The sources of known homogeneous magnetic fields are used for calibration
of instruments with which magnetic fields are measured and for various
experiments and tests in electrical engineering, physics, medicine, biology
and other scientific and technical areas. Depending on the value of the
desired magnetic field, these can be permanent magnets or electromagnets
and, more frequently, various coils (solenoids) fed by DC, AC or impulse
current. The homogeneous magnetic fields attained by coils or coil systems
widely vary from the microtesla order of magnitude with ordinary coils to the
microtesla order of magnitude with superconductive coils.

Kljucne rijeci: Helmholtzovi svici, homogeno magnetsko polje, magnetsko
polje, svici

Keywords: Helmholtz coils, homogeneous magnetic field, magnetic field,
coils
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uvoD

Svi uredaji, naprave i sustavi za profesionalne i
ostale primjene, koji se napajaju elektricnom
energijom, izvori su elektricnih ili magnetskih
polja. Elektricna i magnetska polja mogu biti
istosmjerna ili izmjeni¢na razlicitih frekvencija,
a iznosi im mogu biti u Sirokom rasponu. Na ni-
skim frekvencijama elektri¢na polja u osnovi su
razmjerna visini priklju¢enog napona, a magnet-
ska jakosti struje. Oba su polja ovisna i o obliku
i dimenzijama naprave, uredaja ili sustava. Elek-
trina i magnetska polja mjere se prikladnim in-
strumentima i mjernim metodama. Instrumenti
koji su namijenjeni za mjerenje magnetskih polja
nazivaju se magnetometrima. Rade na razlicitim
nacelima te ih danas ima petnaestak vrsta, od
jednostavnih svitaka do veoma sloZenih, npr.
s protonskom precesijom. Rabe se u mnogim
podrucjima od fizike do arheologije. Najcesce
mjere magnetsku indukciju B (gusto¢u magnet-
skog toka), Cija je Sl jedinica tesla (T). Neki od
tih instrumenata umjereni su u staroj jedinici za
indukciju, gaus (G). Vrijedi: 1 T = 10* G. Magne-
tometri se, kao i svi ostali instrumenti, radi pro-
vjere ispravnosti i nesigurnosti mjerenja, trebaju
povremeno umjeravati.

Umjeravanja se obavljaju izvorima homogenih
magnetskih polja poznate indukcije | smjera.
Takvi se izvori rabe | za mnoge primjene i poku-
se u elektrotehnici, fizici, medicini itd. Pod ho-
mogenosti magnetskog polja podrazumijeva se
odstupanje vrijednosti magnetske indukcije B u
nekoj tocki P od njezine vrijednosti B, u referen-
tnoj toCki, obicno sredistu svitka, sustava svitaka,
elektromagneta ili permanentnih magneta. Ho-
mogenost je ovisna o vrsti i dimenzijama svitka,
sustava svitaka, ili magneta. Bolja homogenost
oznacava manju promjenu indukcije unutar ne-
kog obujma. Homogenost se iskazuje relativno,
ili postotno. Nesigurnost vrijednosti magnetske
indukcije u nekoj tocki, medu ostalima, ovisi o
tolerancijama dimenzija svitka i stalnosti struje
kroz svitke te smetnjama. lzvori smetnji mogu
biti umjetni i prirodni. Umjetni su izvori razne
naprave, aparati, sustavi i vodici kojima teku
elektricne struje, a prirodni izvor je Zemljino
magnetsko polje.

U praksi se vrlo Cesto mjere magnetske indukcije
reda veli¢ine militesla ilimanje. U taj raspon spa-
daju npr. indukcije u blizini razlicitih elektrié¢nih
naprava i sustava [1]. Pri preciznijim mjerenjima
polja tog reda veliCine, poduzimaju se zahvati da
se utjecaj smetnji posve otkloni, ili smanji na naj-
manju mogucu mjeru. To se postize npr. obavlja-
njem mjerenja u prostoru dovoljno udaljenom od
objekata ili podrucja u kojima se nalaze moguci

umijetni izvori smetnji. Najcesce su to priklad-

INTRODUCTION

All units, devices and systems for professional and
other applications, when fed by electric power, are
sources or electrical or magnetic fields. Electric
and magnetic fields can be DC or AC of different
frequencies, and their amounts can vary across a
broad range. At low frequencies the electric fields
are basically proportional to the value of connec-
ted voltage and the magnetic fields to the strength
of current. Both fields also depend on the shape
and dimensions of a unit, device or system. Elec-
tric and magnetic fields are measured by means of
appropriate instruments and measuring methods.
The instruments designed for the measurement
of magnetic fields are magnetometers. They ope-
rate on different principles and are thus available
in fifteen or so types, ranging from simple coils to
highly complex, e.g., proton procession magneto-
meters. They find use in areas as diverse as physi-
cs and archaeology. What they typically measure is
magnetic induction B (magnetic flux density), the SI
unit of which is tesla (T). Some of these instruments
are calibrated in gauss (G), the old induction unit. It
holds: 1 T=10%G. Magnetometers, like any otherin-
struments, must be occasionally calibrated to check
their reliability and measurement uncertainty.

Calibration is carried out by means of the sources
of homogeneous magnetic fields of known induc-
tion and direction. Such sources are also used for
many applications and experiments in electrical
engineering, physics, medicine, etc. Magnetic field
homogeneity means the deviation of the magnetic
induction value Bin a point P from its value B, in the
reference point, usually the middle of a coil, a coil
system, an electromagnet or permanent magnets.
Homogeneity depends on the type and dimensions
of a coil, a coil system or a magnet. Better homoge-
neity means less induction changes within a volu-
me. Homogeneity expressed in relative or percental
terms. Uncertainty of the magnetic induction value
in a point depends, inter alia, on the dimensional
tolerances of a coil, the constancy of the current
flowing through the coils, and disturbances. The
sources of disturbances can be artificial and natu-
ral. The artificial sources are various devices, ap-
paratuses, systems and conductors through which
electric currents flow, whereas the natural source
is the Earth’s magnetic field.

In practice very often measured are magnetic in-
ductions of the millitesla or less order of magni-
tude. That range includes, for example, inductions
occurring near various electric devices and systems
[1]. For more accurate measurement of the fields
of that order of magnitude, steps are taken to eli-
minate or minimize the effect of disturbances. The
way to do it is, for example, taking measurements
in places sufficiently distant from the buildings or
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ni nemagnetski objekti, obi¢no drveni, nekoliko
desetaka ili stotina metara od pretpostavljenih
izvora smetnji na tlu bez tragova feromagneskih
tvari. Unato¢ tomu i u takvom okoliSu ponekad

se trebaju te smetnje kompenzirati.

ZEMLJINO MAGNETSKO
POLJE

0 izvoru Zemljinog magnetskog polja (geoma-
gnetsko polje) jo$ postoji mnogo nepoznanica,
jer unutrasnjost Zemlje nije dovoljno poznata.
Magnetsko polje na povrsini Zemlje sastoji se od
dva dijela [2], [3] i [4]. Prvi, i to glavni dio, stvaraju,
prema najcesc¢e spominjanoj teoriji, elektricne
struje duboko u unutrasnjosti Zemlje (dinamo
ucinak) te magnetske stijene i elektri¢ne struje
u Zemljinoj kori. Struje u Zemljinoj dubini po-
sljedica su gibanja tekuceg zeljeza s dodatkom
nikla (temperature 4 800 °C), u tzv. vanjskoj jezgi,
na dubini od, priblizno, 3 000 km do 5 000 km,
izmedu sredisnje ¢vrste metalne jezgre i tzv. do-
njeg plasta, gornjeg plasta i kore. Razvidno je da
se ta teorija teSko moZe dokazati mjerenjima i
pokusima. Glavno polje nije stalno. Dugoro¢na
njegova promjena naziva se sekularnom varija-
cijom. Polje nastalo od magnetskih stijena i stru-
ja u Zemljinoj kori, relativno je slabo i vremenski
stabilno. Drugi dio Zemljinog magnetskog polja
nastaje od elektri¢nih struja u atmosferi i oko
nje. Taj dio polja pod utjecajem je Sunca [5] i vre-
menski se naglo mijenja.

Zemlja djeluje kao magnetski dipol. Sjeverni i
juzni magnetski polovi ne podudaraju se s istoi-
menim geografskim polovima. Magnetski polovi,
neovisno jedan o drugome, vremenski dugoroc-
no, mijenjaju svoje poloZaje prema istoimenim
geografskim polovima. Zemljino magnetsko
polje F, najcesce se iskazuje u nanoteslama,
moze se rastaviti u komponente: vertikalnu
Z (u literaturi se oznacava i sa V), usmjerenu
prema tlu, i horizontalnu H (slika 1) [ é]. Poto-
nja ima sjevernu komponentu X s pozitivnim
predznakom kada je usmjerena prema geograf-
skom (pravom) sjeveru i istocnu komponentu ¥
s pozitivnim predznakom u smijeru istoka. Osim
navedenih podataka joS su vazni kut izmedu X
i H, tzv. deklinacija ili varijacija D, izmedu geo-
grafskog i magnetskog sjevernog pola, s pozitiv-
nim predznakom u smijeru istoka te kut izmedu
H i F, iznad ili ispod horizonta tzv. inklinacija ili
dip /, s pozitivnim predznakom prema dolje. De-
klinacija i inklinacija iskazuju se u stupnjevima i
minutama. Ove dvije veliCine posebice su vazne
za navigaciju uz pomo¢ magnetskog kompasa.
Nepoznate komponente Zemljinog magnetskog
polja mogu se odrediti iz tri poznate. Tako je npr.
D=arctan (Y/X), Y=Hsin D itd. O vremenskim i

areas with potential artificial sources of disturban-
ces. Such places are usually suitable non-magne-
tic structures, usually wooden, some tens or hun-
dreds meters away from the assumed sources of
disturbances on the ground without traces of ferro-
magnetic materials. In spite of it, in such an envi-
ronment these disturbances should sometimes be
compensated.

EARTH’S MAGNETIC FIELD

There are still quite a lot of unknown facts about the
source of the Earth’s magnetic field (geomagnetic
field), because the Earth’s interior is insufficiently
known. Magnetic field at the surface of the Earth
consists of two parts [2], [3] and [4]. The first and
the main part is generated, according to the most
quoted theory, by electric currents deep inside the
interior of the Earth (dynamo effect), as well as by
magnetic rocks and electric currents in the Earth’s
crust. Currents in the depth of the Earth are a result
of the motion of liquid iron with addition of nickel
(temperature 4 800 °C) in the outer core at a depth
of 3 000 km to 5 000 km, between the central firm
metal core and the lower mantle, upper mantle and
crust. Itis obviously hard to prove this theory by me-
asurement and experimentation. The main field is
not constant. Its long-term change is referred to as
secular variation. The field generated by magnetic
rocks and electric currents in the Earth’'s crust is
relatively weak and stable over time. The second
part of the Earth’s magnetic field is generated by
electric currents in the atmosphere and around.
That part of the field is under the solar influence [5]
and is rapidly changing over time.

The Earth acts as a magnetic dipole. The north and
south magnetic poles do not correspond with the
geographic poles. The magnetic poles change the-
ir positions on a long-term basis and independent
of each other in relation to their geographic coun-
terparts. The Earth’s magnetic field F most often
expressed in nanoteslas, can be divided into the
following components: the vertical Z (in reference
literature also indicated V), directed to the ground,
and the horizontal component H (Figure 1) [ 6]. The
latter has the north component X with positive sign
when directed to the geographic (real) north and
the east component Y with positive sign directed
to the east. In addition to the mentioned values,
also important are the angle between X and H, the
declination or variation D, between the geographic
and magnetic north poles, with positive sign in the
direction of east, and the angle between H and F,
above or below the horizon, the inclination or dip /,
with positive sign downward. The declination and
inclination are expressed in degrees and minutes.
These two values are particularly important for na-
vigation by means of the magnetic compass. The
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prostornim promjenama nadleZne ustanove (ge-
omagnetski opservatorij) u odredenim vremen-
skim razmacima objavljuju podatke.

Pravi sjever/
Real north

Slika 1 — Sastavnice Zemlj

unknown components of the Earth’s magnetic field
can be determined from the three known compo-
nents. For example, D = arctan (Y / X), Y = H sin D
etc. At certain intervals competent establishments
(geomagnetic observatories) release data on spati-
otemporal changes.

Magnetskisjver/
Magnetic north

Praviistok /
Real east

inog magnetskog polja [6]

Figure 1 — Components of the Earth's magnetic field [6]

Magnetska indukcija na povrsini Zemlje, ovisno
zemljopisnoj Sirini i duljini u rasponu je, pri-
blizno, od 30 000 nT do 60 000 nT, odnosno od
30 pT do 60 pT. Istrazivanja Zemljinog magnet-
skog polja pocela su ve¢ u 13. stoljecu nakon
Sto se u Europi kompas poceo upotrebljavati u
12. stoljecu. Sustavna mjerenja Zemljinog ma-
gnetskog polja na tlu zapocela su 1840. godine, a
u proslom stoljecu i iz zraka niskolete¢im zrako-
plovima te kasnije sa satelita. Valja naglasiti da
Zemljino magnetsko polje ¢uva Zemlju od bujica
plazme koja dolazi sa Sunca [5].

Radi dobivanja uvida u konkretne podatke, evo
rezultata mjerenja Zemljinog magnetskog polja
u viSe tocaka, obavljenog sjeveroistocno i isto¢no
od Zagreba, u drugoj polovini 2003. godine. Iz-
mjerena magnetska indukcija na tom podrucju
bila je u rasponu od 47,3 pT do 47,7uT. Uspo-
redbom s mjernim rezultatima iz 1927. godine
na istom podrucju ustanovljena je promjena od
+40 nT godiSnje [7]. ZapaZeni su prostorni gradi-
jenti od 18 nT/10 km do 37 nT/10 km te trenutac-
ne promjene Cija je srednja vrijednost priblizno
2 nT tijekom 15 minuta.

Smanjenje mjerne nesigurnosti zbog utjecaja Ze-
mljinog magnetskog polja, ali i drugih izvora, pri
proizvodnji, mjerenju, umjeravanju itd. magnet-
skih polja indukcije reda velic¢ine 1 mT ili manjih,
postize se kompenzacijom jedne ili, Cesce, svih
komponenti smetajuéeg polja. Za kompenzaciju
naj¢esce se rabe tri para Helmholtzovih svita-

ka Cije se struje automatski ugadaju po veli¢ini
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The magnetic induction at the surface of the Ear-
th, in dependence on the geographic latitude and
longitude, varies approximately from 30 000 nT to
60 000 nT, or from 30 pT to 60 pT. Research in the
Earth’s magnetic field started back in the 13th cen-
tury after the introduction of the mariner's compass
in the century before. Systematic measurements of
the Earth’s magnetic field started in 1840, in the last
century from low-flying aircraft, later from satelli-
tes. It should be noted that by its magnetic field the
Earth is shielded from the solar winds [5].

As a concrete example, below given are the results
of the measurements of the Earth’s magnetic field
in more points, made northeast and east of Zagreb
in the second half of 2003. The measured magnetic
induction in that area varied from 47,3 uT to 47,7 pT.
A comparison with the measurement results from
1927 in the same area showed a change of +40 nT
per year [7]. Space gradients from 18 nT/10 km to
37 nT/10 km were noticed, as well as instantaneous
changes with the mean value of about 2 nT over 15
minutes.

A reduction in the measurement uncertainty cau-
sed by the influence of the Earth’s magnetic field
and other sources in the production, measurement,
calibration etc. of magnetic induction fields of T mT
order of magnitude is achieved by compensating
one or, more often, all components of the distur-
bing field. Used most often for compensation are
three pairs of the Helmholtz coils, the currents of
which are automatically tuned by size and direction,
so that in size the fields are the same, in direction
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i smjeru, tako da su polja po veliini ista, a po
smijeru suprotna smetajuéim poljima [8], koja se
mjere osjetljivim magnetometrima.

IZVORI HOMOGENIH MAG-
NETSKIH POLJA

Homogonena magnetska polja mogu se ostva-
riti permanentnim magnetima, elektromagne-
tima, svicima (zavojnice, solenoidi) ili sustavom
svitaka, kojeg ¢ine najmanje dva svitka, kojima
teku elektricne struje. Permanentni magneti ili
elektromagneti, kao i supravodljivi svici rabe se
za indukcije od reda veli¢ine 102 T sve do reda
veli¢ine 10 T. Takve se vrijednosti indukcija pre-
teZito rabe u fizici, medicini (npr. za magnetsku
rezonanciju-MRI) itd. Manje indukcije od reda
veli¢ine 102 T ostvaruju se svitkom ili sustavom
svitaka, a vrijednosti indukcije ugadaju se u Siro-
kom rasponu regulacijom jakosti struje. Raspon
ugadanja magnetskog polja ovisi o vrsti i dimen-
ziji svitka, ili sustava svitaka, promjeru vodica,
vrsti hladenja itd.

Ovisno o ispitivanom objektu rabe se zracni valj-
kasti jednoslojni svici, ali i oni viseslojni, ili susta-
vi svitaka poznati kao Helmholtzovi svici, Maxwe-
llovi svici itd. Za tijela svitaka rabe se razliciti
materijali, Cije dimenzije trebaju biti Sto manje
vremenski | temperaturno ovisni te bez trago-
va feromagnetskih tvari. Kakvocu svitka, medu
ostalim, oznacava konstanta svitka iskazana u
[T/A], tj. kolika se indukcija postiZe, iskazana u
teslama, za odredenu jakost struje iskazanu u
amperima. Relativna nesigurnost te konstante,
a to znadi i postignute indukcije, moZe biti i reda
veli¢ine 10%.

Udaljavanjem, u radijalnom i aksijalnom smjeru,
od sredisnje tocke svitka, ili sustava svitaka, vri-
jednost magnetske indukcije se mijenja ovisno o
vrsti i dimenzijama svitka. U praksi je, za umje-
ravanje i ispitivanja utjecaja magnetskog polja na
neke objekte, u pravilu zanimljiva magnetska in-
dukcija u sredistu svitka ili blizu njega i to u aksi-
jalnom smijeru, koja se najcesce oznacava kao z
os. Razlog tomu je Sto se objekt koji se podvrga-
va utjecaju magnetskog polja stavalja u srediste
svitka ili sustava svitaka.

Valjkasti svici (zavojnica, solenoid)

Ako ispitivani objekt u homogenom magnetskom
polju, za vrijeme pokusa, ne treba biti vidljiv, jer
se na njemu ne treba oCitavati odziv na polje, za
stvaranje polja Cesto se rabi valjkasti jednosloj-
ni svitak. Za tijelo svitka u obliku Supljeg valjka
rabe se razliiti materijali od drveta do kremena
(kvarca). Potonji se rabi za vrhunska mjerenja,

contrary to the disturbing fields [8] which are mea-
sured by sensitive magnetometers.

SOURCES OF HOMOGENEOUS
MAGNETIC FIELDS

Homogeneous magnetic fields can be generated
by permanent magnets, electromagnets, coils or a
coil system composed of at least two coils through
which electric currents flow. Permanent magnets
or electromagnets, as well as coils, are used for in-
ductions of 102 T order of magnitude and up to 10
T. Such induction values are largely used in physics,
medicine (magnetic resonance imaging - MRI), etc.
Smaller inductions of 102 T order of magnitude are
generated by a coil or a coil system and the inducti-
on values are tuned across a broad range by regu-
lating the strength of current. The tuning range of a
magnetic field depends on the type and size of the
coil, the conductor diameter, type of cooling, etc.

Depending on the tested object, in use are one-
layer roller air coils, as well as multi-layer coils or
coil systems known as Helmholtz coils, Maxwell
coils, etc. For the coil bodies various materials are
used with dimensions that should be time and tem-
perature dependent to the least possible degree
and without any traces of ferromagnetic materials.
The coil quality is indicated, among other things, by
the coil constant expressed in [T/A], i.e., how much
induction is attained, expressed in tesla unit, for a
certain strength of current expressed in amperes.
The relative uncertainty of that constant, and the-
reby of the attained induction, may well reach 10¢
order of magnitude.

With the movement in radial or axial direction away
from the central point of a coil or a coil system, the
value of magnetic induction is changing in depen-
dence on the type and dimensions of the coil. What
is interesting in practice for calibration and testing
of the impact of magnetic field on some objects is
as a rule the magnetic induction in the middle of the
coil or close to it in axial direction, usually indicated
as z axis. The reason is that the object subjected to
the influence of a magnetic field is placed in the
middle of the coil or coil system.

Roller coils

If a tested object in a homogeneous magnetic field
need not be visible during the test, because the field
response need not be read on it, then a one-layer
roller coil is often used for field generation. For the
hollow roller shaped body of the coil various mate-
rials are used, from wood to quartz, the latter for
high-order measurements, such as those aimed
to determine certain physical constants. The outer
surface of such a hollow roller is finely polished
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kao Sto su ona za odredivanje pojedinih fizikalnih
konstanti. Vanjska se povrsina takovog Supljeg
valjka fino polira s preciznoscu reda velicine mi-
krometra. Zatim se na njoj gusto i precizno ureze
plitka helikoida za svitak, tako da su zavoji blizu
jedan do drugoga. Prije i nakon obrade precizno
se odreduju dimenzije valjka na temelju kojih se
proracunava vrijednost indukcije. Namatanje s
odredenom silom jednoznacno odreduje polozaj
svakog zavoja svitka, koji se laserski provjerava
s nesigurno$cu reda veli¢ine mikrometra [8], [9]
i[101.

Jeftiniji postupak, ali stoga i manje pouzdan kod
zagrijavanja svitka Jouleovom toplinom, temel|i
se na namatanju u prostoriji zagrijanoj na tem-
peraturu od 30 °C do 35 °C, a mjerenja se obav-
ljaju u prostoru na temperaturi oko 23 °C. Time
se postize da su zavoji ucvrséeni u svojem po-
loZaju silom nastalom skracdivanjem zavoja zbog
snizavanja temperature.

Potrebni se broj zavoja namata kalibriranom ba-
krenom Zicom velike Cistoce (99,99 %), ili Zicom
od posebne slitine velike vodljivosti, kako bi se
postigla Sto veca gustoca struje. Ako Zica nije izo-
lirana tada je razmak izmedu zavoja reda velicine
milimetra. Promjer Zice odabire se ovisno o jako-
sti struje koja ¢e njome teci, odnosno o najvecoj
indukciji koja se Zeli postic¢i u odredenom opse-
gu u sredisStu svitka. Pri tome se vodi racuna da
polumjer Zice bude zanemariv prema polumjeru
tijela svitka, a duljina svitka visestruko veca od
njegova polumijera, kako bi homogeno polje zau-
zimalo Sto veci postotak duljine svitka. Razvijena
Jouleova toplina zbog struje kroz svitak ne smije
bitno utjecati na promjenu njegovih dimenzija. Svi
se spomenuti postupci provode kako bi se stvarni
svitak priblizio idealnom, odnosno proracuna-
ta magnetska indukcija u predvidenom opsegu
unutar svitka bude jednaka stvarnoj.

Magnetsko polje, odnosno magnetska indukci-
ja, svitka racuna se pomocu magnetskog polja
u tocki P na osi z kruzne strujnice polumjera a,
koja se nalazi u ravnini xy. Strujnicom tece struja
1. Neka je tocka P na udaljenosti » od malog ele-
menta d/ strujnice, u, jedinicni vektor u smjeru
struje tangecijalno na element d/, a u_jedinicni
vektor usmjeren od elementa dI prema tocki P.
Prema Biot-Savartovom zakonu magnetska in-
dukcija u tocki P je:

PR L5
4n r i

gdje je u,=4mn " 107 Vs/Am permeabilnost praznine
(vakuuma).

with micrometer precision. Then a shallow helico-
id for the coil is carved in the surface densely and
with precision, so that turns are close to each other.
Before and after the treatment the roller dimensi-
ons are accurately determined, based on which the
induction value is computed. Winding with a certain
force unequivocally defines the position of each turn
of wire, which is laser-checked within micrometer
uncertainty margin [8], [9] and [10].

A more economical, but less reliable procedure in-
volving the heating of a coil as a result of the Joule
effect, is based on winding in a room heated to a
temperature of 30 °C to 35 °C, with measurement
being performed in a room heated to about 23 °C.
This ensures that the turns of wire are fixed in their
positions by the force produced by wire contraction
due to falling temperature.

The required number of turns is wound with a ca-
librated copper wire of high purity (99,99 %), or a
wire from special high-conductive alloy in order to
achieve maximum current density. If the wire is not
insulated, the distance between the turns of wire is
within a millimeter margin. The diameter of the wire
is selected in dependence on the strength of the cu-
rrent that will flow through it, or in dependence on
maximum induction to be achieved within a certain
range in the middle of the coil. It must be made sure
that the wire diameter is negligible in relation to the
radius of the coil body and that the length of the coil
is several times greater than its radius, so that the
homogeneous field may cover the highest possible
percentage of the coil length. The Joule warmth ge-
nerated by the passage of current through the coil
must not significantly affect the size of the coil. All
the mentioned procedures are carried out for the
real coil to approximate the ideal coil, or for the cal-
culated magnetic induction to equal the real induc-
tion across the planned range within the coil.

The magnetic field or magnetic induction of a coil
Is computed by means of the magnetic field in point
P on axis z of the circular current loop with radius
a on plane xy. Current I flows through the current
loop. Let point P be at a distance » from the small
element d/ of the current loop, u, unit vector in the
direction of the current tangentially to the element
d/, and u_unit vector directed from the element d!
towards point P. According to the Biot-Savart Law,
magnetic induction in point P is:

V)

where y, = 4m - 107 Vs/Am void (vacuum) perme-
ability.
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Racunanje integrala u (1) za bilo koju tocku je Integration in (1) for any point is complex [11] and
slozeno [11]1[12]. Medutim za tocku Pnaosizje  [12]. However, for point P on axis z the solution is

rieSenje jednostavno: simple:
2
Hola
BZ == . 2
2(a* + 22)/2 @
Jednoslojni se svitak moze smatrati sastavlje- A one-layer coil can be considered composed of a
nim od niza strujnica na zajednickoj osi, kojima series of current loops on the common axis through
tece ista struja (slika 2). which the same current flows (Figure 2).
P z
P
.8
. _:'ﬁ!
: ™
T
i c
1 0 !
y & ' ¥
e [
%/ c

Slika 2 — Jednoslojni svitak (zavojnica, solenoid)
Figure 2 — One-layer coil

Ukupna magnetska indukcija na osi z dobiva se Total magnetic induction on axis z is obtained by

zbrajanjem polja pojedinih strujnica. Neka je broj summing up the fields of individual current loops.
zavoja N svitka velik, a I njegova ukupna duljina. Uz Let the number N of turns be great, and / the coil's
pretpostavku da je polumijer Zice zanemariv u us- total length. Given a negligible wire radius com-

poredbi s polumjerom zavojnice a i da je gustoca pared with coil radius a and the flux density n per
strujnica n po jedinici duljine N//, dio svitka dzima unit of length N//, the part of the coil dz has (N/1) -
(N/I) - dz strujnica. 1z (2) slijedi da taj dio svitka u dz current loops. It follows from (2) that this part of
tocki P stvara magnetsku indukciju: the coil in point P generates magnetic induction:

2
dB. = Wolna dz}/2 . o
Aa? +zz)

Zamijeni li se varijabla z sa d te integriranjem od If variable z is substituted by @ and through inte-
d do d, dobiva se: gration from 4 to d,we get:
wonl z+c z-c
= ()

o2 \/(Z+c)z+a2_\/(z—c)z+a2 ’

gdje jec=1/2, odnosno 2c=1. wherec=1/2or2c=1
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U sredistu svitka je z=0, pa se za magnetsku in-
dukciju dobiva:

_pend  2c

In the middle of the coil it is z=0, so for magnetic
induction we get:

_ pNI c

B, =

Zac>asliedidaje B=in-I=i-I-N/I anakra-
jevima svitka gdje jez=c, dobivase daje B =B,/2,
tj. indukcija je na krajevima svitka dva puta manja
od one u njegovom sredistu.

Zeli li se posti¢i homogeno polje u Sto ve¢em op-
seqgu omjer [/ a mora biti Sto veci. Za razlicite fi-
zikalne pokuse, npr. odredivanja nekih konstanti,
potrebni su svici u kojima je relativna homogenost
magnetskog polja u odredenom opsegu reda veli-
¢ine 107. To se moze postici svicima ¢ija je duljina
reda veli¢ine 10* metara, Sto je tehnicki i ekonom-
ski neizvedivo. Stoga se poduzimaju razliciti za-
hvati s ciljem da se takva homogenost postigne,
u opsegu kugle polumjera nekoliko desetaka mi-
limetra, svitkom duljine od jednog do dva metra
promijera reda veli¢ine 0,1 m. Svitak se sastoji iz
vise dijelova kroz koji teku struje razlicitih jakosti
i smjerova, ili se preko temeljnog svitka namota
drugi visedijelni kojim teku struje razlicitih jakosti
(811 [9].

Osim jednoslojnih rabe se, posebice za vece ma-
gnetske indukcije, viSeslojni valjkasti svici. Prora-
¢un magnetske indukcije za bilo koju tocku unutar
ili izvan takvog svitka je sloZen, sli¢no kao i za jed-
noslojni svitak [11]1 [13]. Za indukciju za bilo koju
to¢ku na osi z viseslojnog svitka (slika 3) izraz za
indukciju je jednostavniji [14]:

2
B - wonl (z+c)lnw,a2 +(z+c)2 +a,
yai +(z+c) +a,

o 2(“2 _al)

gdje su @, unutarnji, a a, vanjski polumjer visesloj-
nog svitka duljine /=2 "c.

2 Jiva | era ©

Forc>aitfollows that B=i ‘n-I=i1- N/l whe-
reas at the coil ends, where z=c, we get B =B/ 2,
i.e., induction at the coil ends is two times smaller
than the one in the middle of the coil.

If a homogeneous field is to be achieved to maxi-
mum extent, the ratio / / @ must be as great as
possible. For various physical experiments, such
as determination of some constants, coils are
needed in which the relative homogeneity of ma-
gnetic field within a certain scope is of 107 order
of magnitude. This can be achieved by coils with
lengths of 10° meter order of magnitude, which is
technically and economically unfeasible. For that
reason various attempts are being made aimed
to achieve such homogeneity within the range
of a sphere having a radius of some tens of mi-
limeters, with a coil T m to 2 m long, diameter
0,1 m. The coil consists of more parts through
which electric currents of varying strengths and
directions are flowing, or another multi-part coil
is wound over the main coil to take on currents of
varying strengths [8] and [9].

Apart from the one-layer coils, the multi-layer ro-
ller coils are also used, especially for higher ma-
gnetic inductions. The computation of magnetic
induction for any point inside or outside of such
a coil is a complex procedure, just as it is for a
one-layer coil [11] and [13]. The expression for in-
duction at any point on axis z of a multi-layer coil
(Figure 3) is simpler [14]:

—(z—c)ln‘,azz +(z-c) +a, ’ “
Jai +(z—c) +a,

where ais the inner and a, the outer radius of a
multi-layer coil with length /=2 " c.
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Slika 3 — Vigeslojni svitak

Figure 3

U sredistu svitka, tj. za z=0, indukcija je:

BN

Multi-layer coil

In the middle of the coil, i.e., for z=0, induction is:

Jai +c* +a,
B, = In

- 2("2 _al)

Kratki svici

Postoje niz pokusa i mjerenja u kojima objekt koji
se ispituje treba biti lako dostupan i vidljiv. To je
npr. slucaj kod provjere utjecaja magnetskog po-
lja na pokazivanje analognih ili digitalnih mjernih
instrumenata. Tada se na instrumentu ocitava
moguca razlika u pokazivanju pri iskljucenom i
uklju¢enom magnetskom polju odredene induk-
cije. Stoga se, za te i slicne primjene, magnetsko
polje stvara jednim kratkim svitkom ili sustavima
s dva ili vise kratkih svitaka.

Jednostavni kratki svitak
Kratki svitak moZze biti kruzni ili pravokutni. Po-
tonji je jednostavniji za izradu, pa se stoga ceSce
rabi. Za tijelo svitka rabe se razli¢iti materijali, ali
preteze drvo. Njegova duljina (visina) obicno je
manja 0,1 a.

Indukcija u srediStu kratkog kruznog svitka sa
Nzavoja, tj. svitka kod kojeg je ¢ > a, a zanemarive
povrsine presjeka, prema (5) je:

o NI

B =
0 2a

Za umijeravanje mjerila magnetske indukcije niske
frekvencije medunarodna norma [15] preporucuje
pravokutni svitak stranica 2a i 2b sa N zavoja. In-

: (7)
ya;+c’ +a,

Short coils

There are many experiments and measurements
where the tested object must be easily accessible
and visible, for example, when the influence of
magnetic fields on the display of analog or digital
measuring instruments is checked. Then the in-
strument possibly displays a difference in the tur-
ned-off and turned-on magnetic field of a certain
induction. Thus for these and similar applications
the magnetic field is generated by a short coil or
by systems of two or more shorts coils.

A simple short coil
A short coil can be circular or rectangular. The la-
tter is easier to make and thus more often used.
Various materials are used for the coil body, but
wood prevails. Its length (height) is usually less
than 0,1 a.

Induction in the middle of a short circular coil with
Nturns, i.e., the coil where ¢ > a, and with negligi-
ble cross-section surface, is according to (5):

For the calibration of low-frequency magnetic
induction meters the international standard [15]
recommends a rectangular coil with sides 2a and
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dukcija u bilo kojoj tocki P(x, y, z) u prostoru dana
je slozenim izrazom i zato se ovdje ne navodi, jer
je u praksi zanimljiva indukcija u ravnini svitka,
gdje se stavlja ispitivan senzor polja obicno malih
dimenzija. Uz pretpostavku da vodici svitka imaju
zanemarivu povrsinu presjeka, indukcija u smjeru
osi z u srediStu kvadratnog svitka duljine stranica
2a, iskazanoj u metrima, kojim tece struja I iska-
zanu u amperima je [15]:

_ MOIN\/E
na

B,

Kako se najCesce rabi takav svitak dimenzija T m
x 1'm (2a =1 m), na slici 4 prikazana su izmjere-
na postotna odstupanja indukcije u to¢kama blizu
sredista svitka od one u srediStu, mjernim svitkom
promjera 0,10 m, u ravnini svitka. U zagradama su
odstupanja 0,03 miznad i ispod ravnine svitka [15].
Nesigurnost vrijednosti indukcije procjenjuje se +
1,1 %.

+ 80 cm

2b and with Nturns. Induction in any point P(x, y, z)
in space is given in a complex expression and hen-
ce not stated here, because what is of interest in
practice is induction in the plane of the coil where
a usually small-sized tested field sensor is pla-
ced. Assuming that the coil conductors have a
negligible cross-section surface, induction in the
direction of z in the middle of a square coil with
the side length 24, expressed in meters, through
which current I flows, expressed in amperes, [15]
amounts to:

As such a coil sized 1 m x 1T m (2a = 1m) is wi-
dely used, Figure 4 shows percental deviations of
induction in points close to the middle of the coil
from that in the middle, measured by a measuring
coil of dia. 0,170 m, in the plane of the coil. Stated in
brackets are =0,03 m deviations above and below
the plane of the coil [15]. The uncertainty of the
induction value is assessed at + 1,1 %.

07, (L3

1.8

Slika 4 — Izmjerena postotna odstupanja indukcije B, [15]
Figure 4 — Measured percental deviations of induction B_[15]

Helmholtzovi svici

Sustav s dva jednaka kratka kruzna ili pravokutna
svitka, koji su serijski povezana, medusobno raz-
maknuta na odredenu udaljenost, kojima tece ista
struja, nazivaju se Helmholtzovim svicima u Cast
njemackog lijecnika i fizicara H.L.F. Helmholtza
(1821. - 1894.). On je dao veliki doprinos u razvoju
obje struke. Njegovi su ucenici bili, kasnije poznati
fiziCari, medu ostalima, Hertz, Pupin i Schottky.

U prostoru izmedu svitaka postoji homogeno ma-
gnetsko polje u smjeru osi svitaka. Indukcija, koja
je zbroj indukcija oba svitka, s udaljavanjem od
sredista prostora medu svicima, manje se mijenja

Helmholtz coils

A system with two equal short circular or rec-
tangular coils, serially connected, set apart at a
certain distance, through which the same current
flows, are referred to as Helmholtz coils in ho-
nor of the German physician and physicist H.L.F.
Helmholtz (1821-1894), who significantly contri-
buted to both disciplines. Some of his disciples,
including Hertz, Pupin and Schottky, later became
renown physicists.

In the space between the coils there is a homo-
geneous magnetic field in the direction of the axis
of the coils. Induction, which is a sum of induc-
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nego kod jednog kratkog svitka. Postoji odredena
razlika u vrijednostima indukcije izmedu kruznih
i pravokutnih svitaka, no potonji su laksi za izra-
du. Ovisno o objektu podvrgnutom ispitivanju,
Helmholtzovi svici mogu biti polumjera, odnosno
duljine stranica od reda veli¢ine centimetra do
reda veli¢ine metra. Time se postizu jednolika
polja u vrlo malom opsegu sve do onih veéih od
1 md. Za tijela svitaka rabe se drvo, plasti¢ni ma-
terijali i metali, naj¢eSce aluminij. Kod potonjeg
se mora paziti da ne stvara kratko spojeni zavoj.

Magnetska indukcija u srediSnjoj tocki na osi z
izmedu dva kruzna svitka sa po N zavoja, svaki
polumjera a, zanemarive povrsine presjeka, ko-
jima u istom smjeru teCe struja 7, a medusobno
su razmaknuti na udaljenost a (slika 5) moze se
odrediti iz (2) ako se uvrstiz=a/ 2:

tions from both coils, changes less while moving
away from the center of the space in between the
coils than it does with a single short coil. There is a
certain difference in induction values between the
circular and rectangular coils, but the latter are
easier to make. Depending on the tested object,
the Helmholtz coils can have radii or side lengths
in the order of magnitude from one centimeter to
one meter. Thereby uniform fields are obtained wi-
thin a very small range up to those exceeding 1 m?.
Used for the coil bodies are wood, plastic materials
and metals, mostly aluminum. In the latter case it
must be made sure that no short circuits are esta-
blished.

Magnetic induction in the central point on axis z
between two circular coils with Nturns each, radius
a each, of negligible cross-section surface, through
which current I flows in the same direction, spaced
at a distance a (Figure 5), can be determined from
(2) ifz=a/2is substituted:

——

!

X

Slika 5 — Helmholtzov sustav s kruznim svicima
Figure 5 — Helmholtz system with circular coils

NI’ 1

Nakon sredivanja dobva se:

1
B, = w8

545

Umijesto kruznih ¢eSce se rabe kvadrati¢ni svi-

ci duljine stranica 2a na medusobom razmaku d

(slika 6).

8 071554t

After reduction we get:

(1

a

Instead of the circular coils, preferably used are
the square coils with the length of the sides 2a at a
mutual distance d (Figure 6).
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Slika 6 — Helmholtzov sustav s kvadratnim svicima

Figure 6 — Helmholtz sys

Magnetska indukcija na osi z je [16]:

_ 2u,NIa’ 1

tem with square coils

Magnetic induction on axis zis [16]:

1

z

Radi dobivena maksimuma druga derivacija tog
izraza izjednaci se s nulom, pa slijedi:

=0,5445a.

N |

Dakle, razmak izmedu dva kvadrati¢na svitka u
Helmhotzovom sustavu nesto je veci od onog kod
kruznih.

Zanimljive su usporedbe zadnja Cetiri spomenuta
izvora magnetskih polja, tj. kruznog i kvadratnog
kratkog svitka te kruznih i kvadrati¢nih Helmhol-
tzovih svitaka.

Na slici 7 [17] prikazana su postotna odstupanja
indukcije B, uzduZ osi z od vrijednosti B u sredi-
Stu kruznog i kvadratnog kratkog svitka (z = 0) te
Helmholtzovih sustava s kruznim i kvadratnim
svicima kao funkcije od z iskazanih u postocima
polumijera a kruznog svitka i polovini duljine stra-
nica kvadratnog svitka.

+ ©(12)

- {C‘”[Z‘m 2a2+(z—§]2 [a“(z-‘i)z} 2“”(2‘92

Due to the obtained maximum, the second deriva-
tion of that expression is zeroed, so it follows:

(13)

Therefore, the distance between two square coils
in the Helmhotz system is a little greater than that
between the circular coils.

Quite interesting are comparisons of the last four
mentioned sources of magnetic fields, the circular
and square short coils and the circular and square
Helmholtz coils.

Figure 7 [17] shows percental deviations of induc-
tion B, along axis z from value B, in the center of
the circular and square short coils (z=0) and the
Helmholtz systems with circular and square coils
as a function of z expressed in the percentages of
radius a of the circular coil and a half of the side
length of the square coil.
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Slika 7 — Postotna odstupanja indukcije B, uzduz osi z od vrijednosti B, [17]
17

Figure 7 — Percental deviations of in

Polozaj na osi z iskazan je postotkom polumje-
ra a kruznih, odnosno polovini duljine stranice a
kvadratnih svitaka. Odstupanje indukcije u smje-
ru osiz uzduz osix, zaz=0, prikazana je na slici 8
[15]i [17]. Na apscisi su postoci polumjera kruz-
nog, odnosno polovice duljine stranica kvadrat-
nog svitka. Krivulje su normalizirane radi lakse
usporedbe. Iz tih podataka slijedi da je kvadratni
kratki svitak bolji je od kruznog. Takoder su i kva-
dratni Helmholtzovi svici bolji od kruznih. Kako
seizslika 718 moze vidjeti, razlika kod Helmhol-
tzovih svitaka, kruznih i kvadratnih, nije velika.

Tijekom vremena nastala su razlicita poboljSanja
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duction B_ along axis z from value B, [

Position on axis z is expressed by the percentage
of radius a of the circular coils or a half of the side
length a of the square coils. Induction deviation in
the direction of axis z along axis x for z=0 is shown
in Figure 8 [15] and [17]. On the abscise are the
percentages of the circular coil and the halves of
the side length of the square coil. The curves are
normalized for easier comparison. What follows
from these data is that the short square coil is
better than the circular one. Likewise, the square
Helmholtz coils are better than the circular ones.
As shown in Figures 7 and 8, with the Helmholtz co-
ils there is no great difference between the circular
and square coils.

& KOS - kraki kruZni svitak /
short circular coi
o KKS - kratki kvadratni svitak /
shortsquare col
» HOS - Hemhokzov sustav s kruZnim svicima /
Halmhoitz systam with circular coils
= HKS - Helmhoklzov sustav s kvadrainim svicima /
Helmhoitz system with square coils

Slika 8 — Postotno odstupanje indukcije B,uzdu? osi x za od vrijednosti B, [15][17]

Figure 8 — Percental deviation of in

temeljnih sustava svitaka. Neka od njih su, radi
postizanja bolje homogenosti u vecem opsegu,
patentirana. Najcesée se to postize umetanjem
jednog ili viSe svitaka, istih ili razli¢itih dimenzija
i broja zavoja izmedu temeljna dva svitka. Tako
se npr. izmedu Helmholtzovih svitaka stavlja jos
jedan par razlicitih dimenzija, tzv. unutarnjih i
vanjskih, kruznih, paravokutnih ili kvadratnih
svitaka postize relativna homogenost reda veli-

duction Bjatumg axis x forz = 0 from value B, [15][17

With the passage of time the basic coil systems have
undergone various improvements, some of them
patented owing to the attainment of better homo-
geneity over a wider range. This is typically done by
inserting one or more coils of the same or different
dimensions and number of turns between the two
basic coils. Thus between the Helmholtz coils one
more pair of coils of different dimensions, the inner
and outer, the circular and rectangular or square
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¢ine 104 [18].

PoboljSanje se moze posti¢i i npr. dodatkom jed-
nog svitka izmedu dva Helmholtzova svitka [19].
Dodatni svitak istog je polumjera a kao i Helm-
holtzovi svici i udaljen od svakoga od njih 0,762 - a,
dok je omjer zavoja dodatnog svitka prema vanj-
skima k= 0,531 5. Indukcija u sredistu tog su-
stava, tj. u z =0, ako vanjski svici imaju po 111
zavoja, a sredisnji 59 zavoja je:

Usporedba poboljSanih Helmholtzovih svitaka s

11,7
B, =0,7704——+H"
a

onimobiénim, kaoisMaxwellovimsvicimagraficki
je prikazana na slika 9[19], gdje jea=(B,—B,)/ B,
relativno odstupanje indukcije po osi z od one u
srediStu sustava (homogenost), a udaljenost na
osi ziskazana je omjerom ¢ = z/a. Postignuto je
bitno poboljSanje homogenosti u ve¢em opsegu
(usporedba krivulja 11 3).

U boljim laboratorijima i za sloZenija ispitiva-
nja rabe se temeljni sustavi s najmanje tri para
Helmholtzovih svitaka, kako bi se dobilo homo-
geno magnetsko polje u tri smjera.

Maxwellovi svici
Sustav od tri kruzna svitka, dva jednaka vanjska i
jedan vedi unutarnji, naziva se Maxwellovim svi-
cima (slika 10). U literaturi se vrlo rijetko spomi-
nju u usporedbi s Helmholtzovim svicima, una-
to€ postizanja bolje homogenosti (slika 9).

Na slici 9 prikazana je relativna promjena in-
dukcije B, od ishodiSta u smjeru osi z iskazanog
omjerom ¢ = z/a za tri sustava s kruznim svici-
ma: Helmholtzovi svici , Maxwellovi svici te po-
boljsani Helmholtzovi svici [19].

Maxwellovi svici su serijski spojeni i njima tece

ones, is inserted and thus the relative homogeneity
of 10*order of magnitude is attained [18].

An improvement can also be achieved by adding a
coil between two Helmholtz coils [19]. The additi-
onal coil has radius a like Helmholtz coils and its
distance from each of them is 0,762 - a, whereas the
turn ratio of the additional coil to the outer coils is
k=0,5315. Induction in the middle of this system,
i.e., in z=0, if the outer coils have each 111 turns
and the central coil 59 turns of wire, is:

(14)

A comparison of the improved Helmholtz coils with
the ordinary ones, as well as with the Maxwell coils,
is graphically represented in Figure 9 [19], where
a = (B,—B)) / B, relative induction deviation along
axis z from induction in the center of the system
(homogeneity), and the distance on axis z is expre-
ssed by ratio ¢ =z/a. A significant improvement
has been achieved across a wider range (curves 1
and 3 compared).

The basic systems with at least three pairs of the
Helmholtz coils are also used for more complex
tests at established laboratories, in order to get a
homogeneous magnetic field in three directions.

Maxwell coils
The system of three circular coils, two identical ou-
ter coils and a larger inner coil, is referred to as the
Maxwell coils (Figure 10). Compared with the Helm-
holtz coils, they are rarely mentioned in literature in
spite of the fact that they attain better homogeneity
(Figure 9).

Figure 9 shows a relative change in induction B, from
the starting point in the direction of axis z expressed
by the ratio ¢ =z/a for three systems with circular
coils: the Helmbholtz coils, the Maxwell coils, and
the improved Helmholtz coils [19].
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Slika 9 — Relativna promjena indukcije B_[19]
Figure 9 — Relative change of induction B_[19]

strujal. Polumjer srednjeg svitka je a, a polumjer The Maxwell coils are serially connected and elec-
svakogodmanjihsvitakajea,=(4/7)"*:a=0,756"a.  tric current Iflows through them. The radius of
Svaki od manjih svitaka udaljeni su od veceg za the middle coil is a, and the radius of each of the
d=(3/7)"2-a=0,655 - a. VeCi svitak ima 64 zavoja, smaller coils is a,= (4 /7) "** a= 0,756 - a. The dis-
a manji svaki po 49 zavoja. Magnetska indukcija tance of each of the smaller coils from the larger

u bilo kojoj tocki na z osi sustava je [19]: oneisd=(3/7) " a=0,655 - a. The larger coil has
B . _ _ 64 turns, and the smaller ones 49 turns each. Ma-
Indukcija u sredistu sustava, tj. uz=0 je: gnetic induction in any point on z axis of the system
is [19]:
3 3
1 P 3Y |74 EREE
B, =—p,la’ 64a2+22)5+28 —a’+ Z+\fa +28l —a’ +|z—,|=a - (19)
2 7 7 7 7

Induction in the center of the system, i.e.,inz=01s:

I
B, = 601" .
a

a]/(); 56a

i @=0.655a
0_—a B
E;
- if" d=0,655a
i 0.7563)

X |

Slika 10 — Maxwellovi svici s tri kruZna svitka
Figure 10 — Maxwell coils with three circular coils
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ZAKLJUCAK

Magnetske indukcije reda veli¢ine 102 T ili ma-
nje mogu se ostvariti razli¢itim vrstama svitaka
ili sustava svitaka kojima tece elektri¢na struja.
Odabir svitka ili sustava svitaka ovisi 0 opsegu i
vrsti objekta na koji se magnetsko polje primje-
njuje. Opcenito vrijedi da se to bolja homogenost
magnetskog polja postize u Sto manjem opsegu
u usporedbi s onim Citavog svitka ili sustava svi-
taka. Uz isti broj zavoja svitaka i struje kroz njih
veca se indukcija postize valjkastim svicima. Po-
boljSanja u konstrukciji i izvedbi temeljnih svitaka
ili sustava svitaka omogucuju postizanje relativne
homogenosti u malom opsegu, ¢ak reda velicine
1071 nesigurnosti reda veli¢ine 10%. IstraZivanja
su pokazala da su Cetverokutni kratki svici bolji od
kruznih, a Helmholtzovi i Maxwellovi svici, Sto se
tice homogenosti, bolji od kratkih svitaka.

Zahvala
Zahvaljujem se lvici Kunstu dipl. ing. na trudu pri
izradi slika.

CONCLUSION

Magnetic inductions of 10T order of magnitude or
less can be attained with various types of coils or
coil systems through which electric current flows.
The choice of the coil or coil system depends on
the range and type of objects to which a magnetic
field is applied. It is generally held that the best
possible homogeneity of magnetic field is achie-
ved within the narrowest possible range compa-
red with that of the whole coil or coil system. Given
the same number of the turns of wire and electric
currents flowing through them, greater inducti-
on is achieved with roller coils. Improvements in
the design of basic coils or coil systems make it
possible to achieve relative homogeneity across a
small range, even of 107 order of magnitude and
uncertainty of 10 order of magnitude. Research
studies have shown that the short square coils are
better than the circular ones and the Helmholtz
and Maxwell coils, when it comes to homogeneity,
better than the short coil.
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TERMICKA ANALIZA
UKOPANIH VISOKONAPONSKIH
KABELA

THERMAL ANALYSIS OF
BURIED HIGH-VOLTAGE
CABLES

Bojan Trkulja - 2eljko Stih - Sead Berberovi¢, Zagreb, Hrvatska

U okviru ovog rada provedena je spregnuta elektromagnetsko - termicka analiza
trofaznog sustava sastavljenog od tri jednozilna kabela u konfiguraciji delta. Sustav
kabela analizira se u termicki stacionarnom i nestacionarnom stanju, uzimajuéi u
obzir nelinearnost provoda topline u tlu u okolini kabela. Slozeni model prijenosa
topline u tlu, uzrokovan isusivanjem tla u okolini kabela izveden je primjenom dvije
zone razlicitih toplinskih vodljivosti.

The present work includes the coupled electromagnetic/thermal analysis of a three-
phase system composed of three single-core cables in trefoil configuration. The
cable system is analyzed in thermally stationary and non-stationary state, taking
into account the non-linearity of heat conduction in the soil surrounding the cable.
The complex model of heat transfer in soil, caused by soil drying in the cable’s
surrounding, has been made by applying two zones of different heat conductions.

Kljucne rijeci: termicka analiza; visokonaponski kabeli
Keywords: thermal analysis; high-voltage cables
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Ukopani visokonaponski kabeli ¢esto se koriste u
prijenosu elektricne energije u gusto naseljenim
podrucjima. Kabeli se u pogonu zagrijavaju, a to-
plina se prenosi u okolno tlo, Sto dovodi do pora-
sta temperature unutar kabela i u njihovoj okolini.
Porast temperature treba zadrzati unutar propi-
sanih vrijednosti kako bi se osigurala pouzdanost
opskrbe energijom i produzio Zivotni vijek izolaci-
je kabela. Imajuci u vidu visoku cijenu kabelske
infrastrukture, potrebno je odrediti maksimalnu
struju optereéenja kabela, Sto osigurava optimal-
nu iskoristivost u prijenosu energije. Proracun
maksimalnog opterecenja znacajan je za termicki
stacionarna i nestacionarna stanja.

Razliciti se pristupi primjenjuju u prorac¢unu struj-
nog opterecenja kabela. Klasi¢ne procedure za
proracun termickih svojstava kabela temeljene su
na konstantnim vrijednostima vodljivosti tla i rje-
Senju jednadzbe prijenosa topline. Najjednostav-
niji slu¢aj koji predvida HRN IEC 60287 [1] je opte-
recenje kabela neprekidnom strujom konstantne
vrijednosti, koja je definirana kao maksimalna
dozvoljena trajna struja od strane proizvodaca. Za
takav proracun tlo se moZe smatrati uniformnim
i toplinska mu je vodljivost konstantna. Struja se
u uvjetima preopterecenja moze izracunati prema
HRN IEC 60853 [2]. Toplinska vodljivost tla je tem-
peraturno ovisna. U razvoju tocnijeg modela po-
trebno je uzeti u obzir temperaturnu promjenjivost
toplinske vodljivosti tla.

U okviru ovog rada promjenjiva toplinska vodlji-
vost modelirana je s dva temperaturna podrucja.
Za vlazno tlo se pretpostavlja da ima jednoliku to-
plinsku vodljivost. Za granicu vlaznog i suhog tla
uzima se izoterma za koju je temperatura 30 °C
viSa od temperature okoline [3]. Termicke prilike
u okolini tri jednofazna 110 kV kabela racunaju
se primjenom metode konacnih elemenata ko-
riste¢i simultano programske pakete MagNet i
ThermNet [4], pri ¢emu je spregnut elektroma-
gnetski proracun u frekvencijskoj domeni i ter-
micki proracun u vremenskoj domeni.

Analiza je za stacionarno stanje provedena za dva
modela kabela. U pojednostavljenom modelu je
bakreni ekran kabela modeliran cilindrom jedna-
ke povrsine poprecnog presjeka. U detaljnom je
modelu uzeta u obzir stvarna geometrija bakrenih
Zica u ekranu.

U analizi kabela u termicki nestacionarnom stanju
proracunate su struje preopterecenja za tempe-
raturno promjenjivi i konstantni model toplinske
vodljivosti tla. Proracun je proveden za razlicite
struje preopterecenja i struje prethodnog optere-
¢enja kabela. Rezultati su usporedeni s vrijedno-

INTRODUCTION

The buried high-voltage cables are often used for
electricity transmission in densely populated are-
as. Cables in operation warm up and heat spreads
to the surrounding soil, which leads to temperatu-
re rise inside and around the cables. Temperature
increase should be kept within certain prescribed
limits so as to ensure power supply reliability and
to prolong the life-cycle of cable insulation. In view
of the costly cabling infrastructure, it is necessary
to determine maximum cable current load to en-
sure optimum power transmission usability. The
maximum load calculation is important for ther-
mally stationary and non-stationary states.

Different methods are applied in calculating the
cable current load. Classical procedures for cal-
culating the thermal properties of cables are ba-
sed on constant values of soil conductivity and the
result of the heat transfer equation. The simplest
case envisaged by HRN IEC 60287 [1] is cable lo-
ading by uninterrupted current of constant value,
defined as maximum constant current allowed by
the manufacturer. For such a calculation soil can
be considered uniform and its thermal conductivi-
ty is constant. Under overload conditions, current
can be calculated according to HRN IEC 60853 [2].
The thermal conductivity of soil is temperature-
dependent. In developing a more accurate model
itis necessary to take into account the temperatu-
re variability of the thermal conductivity of soil.

In this work the variable thermal conductivity is
modeled with a two-zone model. For damp soil
a uniform thermal conductivity is assumed. For
the boundary between damp and dry soil an isot-
herm is taken for which temperature is by 30 °C
higher than the ambient temperature [3]. Thermal
conditions in an environment of three 110 kV sin-
gle-phase cables are calculated by the finite ele-
ment method simultaneously using the coupled
MagNet and ThermNet software packages [4],
where the coupled electromagnetic calculation is
in the frequency domain and thermal calculation
in the time domain.

The analysis for the stationary state was made for
two cable models. In the simplified model the co-
pper screen of the cable was modeled by a cylin-
der of equal cross-section surface. In the detailed
model the real geometry of copper wires in the
screen was taken into account.

In analyzing the cable in the thermally non-stati-
onary state the overload currents were calculated
for a temperature variable and a constant model
of the thermal conductivity of soil. The calculation
was carried out for different overload currents and
prior overload currents. The results were compa-
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stima dobivenima prema HRN IEC 60853 [2].

ANALIZA KABELA U STACIONARNOM
STANJU

Analiza termickih prilika za sustav tri jednofazna
kabela 110 kV u stacionarnom stanju

provedena je za konfiguraciju kabela prema slici
1.

red with the values obtained according to HRN IEC
60853 [2].

ANALYZING A CABLE IN THE STATIONARY
STATE

An analysis of thermal conditions for a system of
three 110 kV single-phase cables in the stationary
state was made for a cable configuration shown
in Figure 1.

Z
zrak / air T X

5.

kanal / trench

kabel 110 kV / cable 110 kV

Slika 1 — Tri jednoZilna kabela u konfiguraciji delta u kanalu
Figure 1 — Three single-core cables in a trench

Poprecni presjek jednofaznog kabela ilustriran je
slikom 2.

The cross-section of a single-core cable is shown
in Figure 2.

<——— aluminijska jezgra / aluminium core

' <—— bakreni ekran / copper screen

Slika 2 — Poprecni presjek jednofaznog visokonaponskog kabela
Figure 2 — Cross-section of single-core cable

Zastitno uze u okolini kabela modelirano je bakre-
nom Zicom poprecnog presjeka 185 mm2. Metalni
ekran kabela, sastavljen od koncentri¢nih bakre-
nih Zica modeliran je na dva nacina:

Pojednostavljeni model
Za ovaj model metalni je ekran nadomjesten ba-

krenim cilindrom jednakog popreénog presjeka.
Presjek aluminijske jezgre kabela je 1 000 mm?2.

The protection line in the surrounding of the cable
is modeled by a 185 mm?2 cross-section copper
wire. The metal screen of the cable, made up of
concentric copper wires, is modeled in two ways:

A simplified model
For this model the metal screen is substituted by a

copper cylinder of equal cross-section. The cable
core cross-section is 1 000 mm2.
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Najjednostavniji slucaj koji predvida HRN IEC
60287 [1] je opterecenje kabela neprekidnom stru-
jom konstantne vrijednosti, koja je definirana kao
maksimalna dozvoljena trajna struja od strane
proizvodaca I =798 A, Sto je dobiveno izrazom:

The simplest case according to HRN IEC 60287
[1] is cable overloading by uninterrupted current
of constant value, defined as maximum constant
current allowed by the manufacturer, I = 798 A,
obtained by the expression:

AO-W, |_0,5T1 +n (I, +T4 +T4)J

I =
" \/RT1 +nR (14 2)Ty +nR (144 +5y) (I, +T})

Pri tom je:

Ae - porast temperature vodi¢a iznad
temperature okoline 20 °C,

R - elektri¢ni otpor vodica [Q/m],

T, T,iT,~ termickiotporislojeva vodica po jedi-
nici duljine [K m/W],

T, - termicki otpor povrsine kabela prema
okolini po jedinici duljine [K m/W],

w, - dielektricki gubici po jedinici duljine
W/ml,

n - brojvodica protjecanih strujom u jed-
nom kabelu

A, - omjer gubitaka u metalnom ekranu
kabela i ukupnih gubitaka u vodici-
ma,

2, - omjer gubitaka u metalnoj armaturi i

ukupnih gubitaka u vodi¢ima.

Za I = 798 A stacionarna temperatura povrsine
aluminijskog vodica ne bi trebala prelaziti vrijed-
nost 90 °C prema HRN IEC 60287 [1]. Kabeli su
ukopani na dubini 1,2 m. Izolacijski materijal ka-
bela je XLPE . Pojednostavljeni model kabela u
rasporedu delta prikazan je slikom 3.

aluminijska jezgra (vodic) /
aluminium core \

izolacija / insulation

=798 A . M

where:

Aé - conductor temperature increase
above ambient temperature 20 °C,

R - electrical resistance [(/m],

T,T,iT,- thermal resistances of conductor
layers by unit of length [K m/W],

T, - thermal resistance of cable surface
against the environment by unit of
length [K m/W],

w, - dielectric losses by unit of length
W/m],

n - number of current-flown conductors
in one cable

A, - ratio between losses in the metal
screen and total losses in the con-
ductors

A - ratio between losses in the metal ar-

mor and total losses in the conduc-
tors

For [ = 798 A the stationary temperature of the
aluminium conductor surface should not exceed
90 °C according to HRN IEC 60287 [1]. The cables
are buried at the depth of 1,2 m. Cable insulation
material is XLPE. The simplified cable model in
trefoil configuration is shown in Figure 3.

bakreni ekran /
copper screen

Slika 3 — Pojednostavljeni model kabela u rasporedu delta
Figure 3 — Simplified model of the cable system
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Proracun temperature unutar kabela i u njegovoj
okolini prikazan je slikom 4.

The calculation of temperature within the cable
and in its surrounding is shown in Figure 4.

Slika 4 — Prikaz temperaturnog polja u okolini kabela
Figure 4 — Temperature field plot for a simplified model

Metalni ekrani kabela, kao i zastitno uze uzemljeni
su preko otpora uzemljenja 20 mQ na oba kraja
kabela. Elektri¢ni krug metalnih ekrana i zastit-
nog uzeta prikazan je slikom 5.

Inducirane struje u metalnim ekranima i zastit-
nom uzetu su temperaturno promijenjive zbog
promjenjive vrijednosti elektricne otpornosti ba-
kra. Za elektri¢ni otpor bakrenih ekrana i zastitnog
uZeta pretpostavljeno je da je linearno promjenjiv
s temperaturom.

The metal screens of cables, as well as the pro-
tection line, are grounded via 20 m() grounding re-
sistance at both cable ends. The electric circuit of
metal screens and the protection line are shown
in Figure 5.

The induced currents in the metal screens and
the protection line are temperature-variable due
to the variable resistance values of copper. The
electrical resistance of the copper screens and
the protection line is assumed to be linearly varia-
ble with temperature.

Metalni ekran 0

T1 T2
Metalni ekran|120
—
T1 T2
Metalni ekran|240
—
T1 T2
Zastitno uze
R1 = R2
o T1 = T2
0.02 0.02

Slika 5 — Elektri¢ni krug metalnih ekrana i zastitnog uZeta
Figure 5 — Electric circuit of copper screens and protection line

Detaljni model

U ovom je modelu primijenjena to¢na geometrija
metalnog ekrana. Metalni je ekran modeliran s 97
Zica promjera 1,1 mm.

Detalj mreZe u metodi konacnih elemenata prika-
zan je slikom 6.

Detailed model

In this model the exact metal screen geometry is
applied. The metal screen is modeled with 97 wi-
res, diameter 1,1 mm.

A detail of the mesh in the finite element method
is shown in Figure 6.
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Slika 6 — Detalj mreze
Figure 6 — Detail of mesh

Kao i u jednostavnijem modelu sve su Zice u me-
talnim ekranima zajedno sa zastitnim uzetom na
krajevima kabela kratko spojene i uzemljene pre-
ko 20 mQ.

Termicki su rubni uvjeti ilustrirani slikom 7. Za
temperaturu tla pretpostavlja se linearni porast
od 13 °C na dubini 7 m do temperature okoline 20
°C na povrsini zemlje. Linearni je porast priblizen
po dijelovima stalnim iznosima prema slici 7. Na
povrsini zemlje je za koeficijent prijenosa topline
uzeta vrijednost 11 W/(m2 K) [5].

T[°C]
20
13

As in a simpler model, all wires in metal screens
together with the protection line are short-circui-
ted at cable ends and grounded via 20 mQ.

The thermal boundary conditions are shown in
Figure 7. For soil temperature a linear increase
from 13 °C at the depth of 7 m to ambient tem-
perature of 20 °C on the ground surface is assu-
med. The linear increase is approximated by parts
to constant values according to Figure 7. For the
ground surface, the value 11 W/(m2 K) [5] is taken
for the heat transfer coefficient.

Sustav kabela

. J12m

T7m

16 m

Slika 7 — Termicki rubni uvjeti
Figure 7 — Thermal boundary conditions

Distribucija temperature u okolini kabela prikaza-
na je slikom 8.

Temperature distribution in the cable surrounding
is shown in Figure 8.

Slika 8 — Distribucija temperature u okolici kabela
Figure 8 — Temperature field distribution for a detailed model
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Temperaturni tranzijent za pojednostavijeni i de-
taljni model prikazan je slikom 9.

Temperature transients for simplified and detailed
models are shown in Figure 9.

T[°C]
120 ‘ ‘ ;
— jednostavni model / simplified model
100 — detaljni model / detailed model Ll
S
N
40
20O 20 40 60 80
1d]

Slika 9 — Temperaturni tranzijent za pojednostavljeni model i detaljni model

Figure 9

Razlika izmedu stacionarne temperature za po-
jednostavljeni model i detaljni model je manje od
3 °C. Bududi da je razlika u proracunu tempera-
ture pojednostavljenog i detaljnog modela mala,
pojednostavljeni model moze se primjenjivati u
vedini slucajeva. Prema tome, analiza u termicki
nestacionarnom stanju bit ¢e provedena uz pri-

mjenu pojednostavljenog modela kabela.

PRORACUN TERMICKIH
PRILIKA PREOPTERECENOG
KABELA

Preopterecenje kabela posebno je interesantno u
prijenosu elektricne energije. Trajanje dopustenog
preopterecéenja ovisno je o prethodnom opterece-
nju kabela i struji preoptereéenja. U ovom se radu
analizira dopusteno preopterecenje za razliCite
struje prethodnog optereéenja i preopterecenja
bazirano na porastu temperature unutar kabela.

Prema [2] maksimalna struja preopterecenja
moze se racunati prema jednadzbi:

R R
> 2 R {r —h RIJ
] I h] ) R1 max R

Temperature transients for simplified and detail model

The stationary temperature difference between
the simplified and the detail model is less than
3 °C. Considering such a small difference in tem-
perature calculation between the simplified and
the detail model, the simplified model can be
applied in most cases. Therefore, the analysis in
the thermally non-stationary state will be made by
using the simplified cable model.

CALCULATION OF THERMAL
CONDITIONS OF AN OVER-
LOADED CABLE

Cable overload is particularly interesting when
it comes to power transmission. The duration of
overload depends on the prior load and the overlo-
ad current. The present work analyzes the allowed
overload for different currents of prior load and
overload based on temperature increase within
the cable.

According to [2], maximum overload current can
be calculated by means of the following equation:

0. (¢t

: )
)

0, (e0)
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gdje su:

- maksimalna dopustena konstantna struja,

- struja koja prethodi preopterecenju,

struja preopterecenja,

- otpor vodica prije preoptereéenja [Q/m],

- otpor vodi¢a pri maksimalnoj dopustenoj
konstantnoj struji [Q/m],

R - otporvodica na kraju perioda preopterece-

nja [Q/m].
h, - omijer struje koja prethodi preopterecenju i
maksimalne dopustene konstantne struje

SR T P )
I

Rezultati proracuna za struje prethodnog optere-
¢enja od 40 % I, 60 % I 180 % I prikazani su u
tablici 1. Dopustena su preoptereéenja pri kojima
temperatura ne smije prelaziti 105 °C, na cemu su
bazirani dobiveni rezultati.

Proracun dopustivih struja preopterecenja bit ¢e
proveden za konstantne i promjenjive vrijednosti
toplinske vodljivosti tla.

Proracun baziran na konstantnim vrijed-
nostima toplinske vodljivosti tla

U ovom se proracunu pretpostavlja temperaturno
nepromjenjiva vrijednost toplinske vodljivosti tla.
Za toplinsku je vodljivost tla pretpostavljen iznos
TW/(K m).

Rezultati za razliCite prethodne struje opterecenja
prikazani su slikama 10, 111 12.

- maximum allowed constant current,
- current prior to overload,

I, - overload current,

R, - conductor resistance prior to overload

[Q/m],

R, - conductor resistance at maximum allowed
constant current [)/m],

R - conductor resistance at the end of the
overload period [Q/m],

h, ~ ratio between current prior to overload and

maximum allowed constant current.

Calculation results for prior load currents 40 % I_,
60% 1 and 80 %I are shownin Table 1. Overloads
are allowed where temperature may not exceed
105 °C, on which the obtained results are based.

The calculation of permissible overload currents
will be carried out for constant and variable values
of the thermal conductivity of soil.

Calculation based on constant values of
the thermal conductivity of soil

In this calculation a constant temperature value
of the thermal conductivity of soil is assumed. The
amount assumed for the thermal conductivity of
soilis TW/(K m).

The results for different prior overload currents
are shown in Figures 10, 11 and 12.

Slika 10 — Temperaturni tranzijent za prethodno opterecenje 40 % I,

Figure 10

Temperature transient for prior load 40 % /”

Slika 11 — Temperaturni tranzijent za prethodno opterecenje 60 % I,

Figure 11

Temperature transient for prior load 60 % /,
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Slika 12 — Temperaturni tranzijent za prethodno opterecenje 80 % I,

Figure 12

Temperature transient for prior load 80 % I,

Tablica 1 - Vrijeme potrebno da temperatura vodi¢a dosegne 105 °C

Table 1 - Time required for temperature to reach 105 °C

Trajanje preopterecenja / Duration of overload

Prethodno opterecenje /
Prior load

LI%I  12%I  125%I
40%1, 536 136 79
60%1. 517 109 60
80 %1, 458 62 31

Proracun baziran na promjenjivoj toplin-
skoj vodljivosti tla

Toplinska vodljivost tla modelirana je s dvije zone.
Za temperature ispod kriticne izoterme na 50 °C
za toplinsku vodljivost tla se pretpostavlja vrijed-
nost 1 W/( K m). Za temperature iznad 50 °C pret-
postavlja se toplinska vodljivost 0,33 W/( K m) [3].
Rezultati proracuna prikazani su na slikama 13,
141 15.

el

(h]

13%1  14%I  15%1
50 22 12
36 16 8
18 7 4

Calculation based on variable thermal
conductivity of soil

The thermal conductivity of soil is modeled with
two zones. For temperatures below the critical
isotherm at 50 °C, the value 1 W/( K m) is assu-
med for the thermal conductivity of soil. For tem-
peratures above 50 °C the thermal conductivity of
0,33 W/( K m) [3] is assumed. The calculation
results are shown in Figures 13, 14 and 15.

==
@
=t
) -

Slika 13 — Temperaturni tranzijent za prethodno opterecenje 40 % I,
Figure 13 — Temperature transient for prior load 40 % I,
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Slika 14 — Temperaturni tranzijent za prethodno opterecenje 60 % I,
Figure 14 — Temperature transient for prior load 60 % /,

TFC)

Slika 15 — Temperaturni tranzijent za prethodno opterecenje 80 % I,
Figure 15 — Temperature transient for prior load 80 % /,

ZAKLJUCAK

Zbog visoke cijene ukopanih visokonaponskih
kabela iznimno je vazno tocno proracunati mak-
simalno dopustene vrijednosti konstantne struje
opterecenja u stacionarnim uvjetima, kao i struje
preopterecenja u termicki nestacionarnim uvjeti-
ma.

Analizirani su pojednostavljeni i detaljni model
kabela, a odredene su vrijednosti maksimalno
dopustene stacionarne struje, kao i struje preop-
terecenja za razlicite vrijednosti struja prethodnog
opterecenja, temeljene na porastu temperature
unutar kabela.

Razlike u dozvoljenoj temperaturi za pojednostav-
ljeni i detaljni model kabela nisu znacajne, tako
da pojednostavljeni model moze biti primijenjen
u vecini inZenjerskih zadaca. Za tocnije proracune
detaljni model bi trebao biti primijenjen.

Proracun baziran na konstantnim vrijednostima
toplinske vodljivosti tla pokazuje dobro slaganje s
vrijednostima dobivenim prema IEC standardima.

CONCLUSION

Due to the high prices of buried high-voltage ca-
bles it is very important to exactly calculate maxi-
mum allowed values of constant load current in
stationary conditions, as well as overload current
in thermally non-stationary conditions.

The simplified and detailed cable models were
analyzed and the values of maximum allowed sta-
tionary current determined, and so were overload
currents for different values of prior load currents,
based on temperature increase inside the cable.

The differences in allowed temperature for both
the simplified and the detailed cable model are
not significant, so that the simplified model can
be applied in dealing with most engineering tasks.
For a more accurate calculation the detailed mo-
del should be applied.

The calculation based on constant values of the
thermal conductivity of soil matches well with the
values obtained according to IEC standards.
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HRVATSKO ENERGETSKOVDRU§TVO
ZAKLADA "HRVOJE POZAR”

Glavni odbor Zaklade “Hrvoje PoZar”, na temelju Poslovnika o dodjeli godisnje nagrade
“Hrvoje Pozar”, te Poslovnika o stipendiranju mladih energetic¢ara, objavljuje

l. Znanstvenim i stru¢nim djelatnicima dodjeljuju se godiSnje nagrade “Hrvoje PoZar”,
u obliku plakete i povelje:

- za strucni i znanstveni doprinos razvitku energetike;

- zainovacije u podrucju energetike;

- zarealizirani projekt racionalnog gospodarenja energijom;

- za unapredenje kvalitete okoliSa, vezano uz energetske objekte;
- za popularizaciju energetike.

Nagrada za strucni i znanstveni doprinos razvitku energetike u pravilu se dodjeljuje
pojedincu.

Ostale nagrade se mogu dodijeliti pojedincu, grupi strucnjaka koji su zajedno izvrsili
nagradeno djelo, ili organizaciji - nositelju nagradenog projekta.

Prijedlog za dodjelu godisnjih nagrada, s pismenim obrazloZzenjem i s prilozenom
dokumentacijom, mogu podnijeti znanstvene i znanstveno-nastavne organizacije, znanstvena
i stru¢na drustva, pojedini znanstveni i javni radnici, te ostale ustanove i trgovacka drustva.

Il Studentima energetskog usmjerenja, zavrsnih godina dodiplomskog studija,
diplomskog studija i diplomantima, dodjeljuje se pet (5] godisnjih nagrada “Hrvoje
Pozar”, u obliku povelje i u nov€anom iznosu:

- zaizvrstan uspjeh u studiju, i/ili za posebno zapazen diplomski rad iz podrucja
energetike.

Prijedlog za dodjelu godiSnje nagrade najboljim studentima energetskog usmjerenja mogu
podnijeti znanstveno-nastavne organizacije, sveucilisni nastavnici, ili sami studenti.

Prijedlozi se podnose pismeno, s obrazlozenjem.

[Il.  Studentima energetskog usmjerenja dodjeljuje se pet (5) jednogodisnjih stipendija za
zavrsne godine dodiplomskog studija, odnosno za diplomski studij.
Prijedlog za dodjelu stipendija mogu podnijeti sveuciliSni nastavnici, ili sami studenti.
Kandidati koji se Zele natjecati za nagradu ili stipendiju duzni su popuniti upitnik koji
mogu dobiti u tajniStvu Hrvatskog energetskog drustva te na web stranici HED-a:
. Diplomanti moraju osim upitnika priloziti svoj diplomski rad u elektron-
skom obliku.

IV.  Natjecaj je otvoren od 1. do 30. travnja 2009. godine.

Prijedlozi se podnose tajnistvu Hrvatskog energetskog drustva, Zagreb, Savska cesta
163, p.p.141. Prijava mora sadrzavati ime/naziv i adresu predloZenika s brojem
telefona.

Stipendije Zaklade “Hrvoje Pozar”, bit ¢e dodijeljene kandidatima koji ne primaju druge
stipendije.

Sve obavijesti mogu se dobiti na tel. 01/ 60 40 609, 63 26 134, e-mail:

Odluka Glavnog odbora o dodjeli nagrada bit ¢e objavljena u dnevnim listovima i stru¢nim
publikacijama te na WEB stranici HED-a: www.hed.hr.
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Hrvatsko drustvo za kvalitetu

NAJAVA ZA MEDIJE

(Zagreb, 2009-03-16) Hrvatska je ove
godine odabrana kao domacdin 53. kongresa
Europske organizacije za kvalitetu (EOQ), sto
¢e odrzati u Dubrovniku od 12. do 14. svibnja
2009. godine. Skup se svake godine organizira
u jednoj od drzava Clanica kongresa, za ovu
organizaciju predstavlja najznacajniji godiSnji
dogadaj u Europi i svijetu. Ovogodisniji

organizira Hrvatsko drustvo za
kvalitetu (HDK) u Dubrovniku u hotelu Croatia
(Cavtat).

Visoki pokrovitelj ovoga najznadajnijega
godiSnjeg dogadaja o kvaliteti u Europi
i u Hrvatskoj je predsjednik Republike
Stjepan Mesi¢, a suorganizator je Hrvatska
gospodarska komora.

EOQ kongres tradicionalno okuplja Siroki
krug profesionalaca iz podrucja kvalitete koji
dolaze iz proizvodackih, usluznih, zdravstvenih,
administrativnih i obrazovnih organizacija, prije
svega iz Europe, ali i iz cijelog svijeta. Glavni
predavaci na kongresu bit ¢e ugledni stru¢njaci
iz podrucja kvalitete, poznati u cijelome svijetu.
Tako se pruza izvanredna prilika da vidimo,
cujemo i nau€imo na koji nacin odgovoriti na
izazove globalne krize primjenjujuci sustave
upravljanja kvalitetom, kako o€uvati okoli§ za
generacije koje dolaze, kako povecati drustvenu
odgovornost i druga pitanja.

£ | mﬁﬂﬁ:ﬁgn

Na kongresu se ocekuje preko 500
sudionika iz cijelog svijeta, ponajviSe iz
Europe.

»ouoceni s danasnjom globalnom krizom,
na kongresu ¢e se ponuditi rieSenja i nacini
zaustavljanja i izlaska iz krize kroz primjere
iz prakse. No, kriza je i prilika za poboljSanje.
Idemo iskoristiti ovu priliku“, izjavio je Viktor
Seitschek, predsjednik EOQ-a.

Odrzavanje kongresa o kvaliteti na
europskoj razini znacajan je dogadaj i od
posebne vaznosti za promidzbu Republike
Hrvatske u europskom okruzenju.

Imajuéi u vidu vaznost odrzavanja ovog
kongresa u Republici Hrvatskoj, iskreno se
nadamo da ¢ete pravodobno medijski popratiti
rad kongresa.

Popis predavaca nalazi se na:

Uz pozdrave,
Stanka Miljkovic,

tel: 01/610 60 65
091/464 71 56
e-mail: pr@hzn.hr



