Eng. Rev. 28-2 (2008) 45-54 45

UDK 658.562:621.311.1

ISTRAZIVANJE I UTVRBIVANJE STANJA KVALITETE ELEKTRICNE
ENERGIJE
RESEARCHING AND DEFINING THE QUALITY OF ELECTRICAL
ENERGY CONDITIONS

Marijana ZIVIC PUROVIC — Vitomir KOMEN — Renato CUCIC

SaZetak: Provedbom deregulacije te uvodenjem trzista elektricne energije u prvi plan dolaze interesi korisnika mreze:
mogucnost nabave elektricne energije po Sto nizoj cijeni i ostvarivanje sto bolje kvalitete elektricne energije. Elektricna
energija postaje roba kojom se trguje na otvorenom trzistu, a koja mora ispunjavati zadane kriterije vezane uz kvalitetu
isporuke, kvalitetu napona i kvalitetu usluga. IstraZivanje i utvrdivanje stanja kvalitete elektricne energije izvrseno je
obradom rezultata visegodisnjih pojedinacnih mjerenja kvalitete elektricne energije.

Kljuéne rijeci: — kvaliteta elektri¢ne energije
— sigurnost opskrbe

— distribucija

Abstract: The process of liberalization and the introduction of the electricity market have put user interests into focus,
in particular: the ability of procuring cheaper electricity and the ability of producing electrical energy of better quality.
Electric power has become a freely traded open market product, meeting predetermined quality standards determined
by the continuity of supply, voltage quality and commercial quality. Researching and defining the quality of electrical
energy conditions is based on analyzing results from several years of continuous individual measurement of the quality

of electrical energy.

Keywords: — quality of electrical energy
— security of electricity supply
— distribution system

1. UVOD

Tradicionalno organiziranje elektroprivredne djelatnosti
na nacin prirodnog monopola bilo je uobicajeno sve
donedavno. Tijekom devedesetih godina 20. stoljeca i u
prvim godinama novog stolje¢a pristupilo se medutim
preustroju kako bi se ustroj elektroprivrede prilagodio
novom ustroju cjelokupnoga gospodarstva temeljenog na
ekonomiji slobodnog trzista. Elektroprivredna djelatnost
jedna je od gospodarskih grana, u kojoj i kratkotrajni
poremecaj u opskrbi elektricnom energijom izaziva
veoma osjetljiv zastoj svakodnevnih aktivnosti, a
dugotrajni je nezamisliv zbog dalekoseznih nepovoljnih
posljedica u drustvu. Uspostavom slobodnog trzista
javilo se mjeSovito elektroprivredno zakonodavstvo gdje
se uz tradicionalne pojmove: pouzdanost opskrbe
elektricnom energijom, pouzdanost elektroenergetskog
sustava, sigurnost elektroenergetskog sustava, redovitost
opskrbe elektricnom energijom, neopasnost i ostale,
pojavljuju i novi pojmovi koji nisu samo tehnicke, vec i
gospodarske pa i politicke naravi.

1. INTRODUCTION

Traditionally, the electric power industry, up until
recently, was organized as a monopoly. Through the
nineties and in the beginning of the new century, the
electric power industry has been restructured and adapted
to the new constitution of economies based on the free
market economy. Special characteristics of the technical-
economic system for electricity supply as a public service
makes it very different from other technical-economic
systems, where the free market economy is already in
place. The electrical power industry is an industry in
which short-lived interruption in the electricity supply
endangers everyday life and long-lived interruption is
unimaginable, for it will provoke unacceptable
consequences in society. Creating a free market, mixed
electric power legislature is established, where along with
traditional terms there are the matters of: reliability of
electrical supply, security and regularity of electricity
supply, and new ones are created, which are not only of a
technical, but also of an economical and political nature.
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2. SIGURNOST OPSKRBE ELEKTRICNOM
ENERGIJOM

Proizvod se opcéenito moze definirati kao svako
proizvedeno materijalno dobro kojim se moze zadovoljiti
neka ljudska potreba. Robom ga se naziva tek kada se
pojavi na trgovackim policama, odnosno kada se
razmjenjuje za novac. Pod uslugom se podrazumijeva
svaka neopipljiva stvar koja zadovoljava neku ljudsku
potrebu i na trzistu se moze kupiti za novac.

U uvjetima liberalizacije elektroenergetskog sektora
elektricna energija postala je trziSna roba, a zahtjevi na
elektroenergetski sustav sve su veé¢i. Da bi sustav
funkcionirao, on mora biti trajno nadziran s razli¢itih
aspekata, medu kojima je jedan od najvaznijih kvaliteta
elektricne energije. Odgovaraju¢a razina kvalitete
elektricne energije osnovni je zahtjev na sve dijelove
elektroenergetskog sustava, a najve¢i utjecaj na kvalitetu
elektricne energije ima upravo distribucijski sustav,
odnosno mreza. Stoga je razumljivo da se problematika
kvalitete elektri¢ne energije prije svega veze za operatore
distribucijskog sustava, koji su zaduzeni i odgovorni za
osiguranje odgovaraju¢e razine kvalitete elektriéne
energije prema potroSacima.

Istaknutije su posljedice deregulacije elektroenergetskoga
gospodarstva zahtjevi za smanjenjem: cijene proizvodnje
elektricne energije; cijena elektricne energije krajnjim
kupcima; naknada za koriStenje mreze. Zahtjev za
smanjenje naknada za koriStenje mreze ima izravni
utjecaj na razvoj i izgradnju prijenosnih i distribucijskih
mreza, pa tako i njihovu efikasnost. Pri tome se ne smije
dopustiti da zbog stalnog smanjenja cijena dode do
smanjenja  sigurnosti odnosno  kvalitete  opskrbe
elektricnom energijom. Sigurnost opskrbe elektricnom
energijom znaci da kupci mogu dobiti elektricnu energiju
u trenutku kada im ona zatreba, po mjerljivoj kvaliteti i
prihvatljivoj cijeni. Razlika u polozaju sigurnosti opskrbe
elektricnom energijom prije 1 poslije deregulacije
elektrogospodarstva prikazana je na Slici 1.
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2. SECURITY OF ELECTRICITY SUPPLY

Products can be generally defined as any material goods
that can satisfy a human need. It can be called
merchandise upon its being placed on the market shelf, or
when exchanged for money. The service is any intangible
item that can satisfy a human need and can be bought on
the market for money.

As a result of electricity market liberalization, electrical
energy has become a type of merchandise traded on the
open market and significant changes in the field of
electricity supply have arisen. For its proper functioning,
a system must be continuously supervised from various
perspectives and the quality of electrical energy is the
most important. The appropriate level of the quality of
electrical energy is required from all parts of the electric
power system, but the most important influence on the
quality of the electrical system is in the distribution
system (grid). Problems regarding the quality of electrical
energy are, understandably, connected to the distribution
system operators, which are responsible for maintaining
the appropriate levels of quality for customers.

Major repercussions regarding deregulation of the
electric power industry are requests for the following:
reducing prices for electricity production; reducing prices
of electrical energy for all customers; reducing
compensations for all grid users. The request for reducing
compensation for all grid users has a direct impact on
development and building transmission and distribution
grids and their efficiency. While doing these price
reductions, it is not allowed to reduce security, i.e. the
quality of electrical energy. Security of the electricity
supply means that customers must get electricity when
they need it, with standard quality and acceptable price.
The difference in the position of the security of electricity
supply before and after deregulation of the electric power
industry is shown on Figure 1.
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Figure 1. Electricity supply process before and after deregulation of electric power industry
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Prije deregulacije, za sigurnost su opskrbe elektricnom
energijom bile nadlezne i odgovorne samo vertikalno
organizirane  elektroprivredne  tvrtke, a  nakon
deregulacije dolazi do podjele te nadleznosti i
odgovornosti na viSe odvojenih subjekata na trziStu
elektricne energije, te je nuzno propisivanje mehanizama
regulacije sigurnosti opskrbe [1].

Sigurnost opskrbe elektricnom energijom sveobuhvatni je
pojam kojim se izrazava sposobnost elektro-energetskog
sustava da bude u stanju ispunjavati namijenjenu mu
funkciju dugoro¢no i kratkorocno, uz zadovoljenje
postoje¢ih normi i postojeéih ugovornih obveza za
isporuku elektri¢ne energije, kao i specificiranih uvjeta za
prodaju elektri¢ne energije [2]. Sigurnost opskrbe odnosi
se na buduée razdoblje koje trajanjem odgovara
dugoro¢nom planskom razdoblju razvitka
elektroenergetskog sustava za koje je izradena strategija
razvitka energetike. Uvjeti na koje se odnosi sigurnost
opskrbe su tehnicki, trzi$ni, i politicki, u $to su ukljuceni
1 uvjeti zastite i oCuvanja prirodnog okoliSa i tarife. S
obzirom na temeljne funkcije elektroenergetskog sustava
sigurnost opskrbe elektricnom energijom zapravo se
odnosi na kvalitetu opskrbe elektricnom energijom.

3. KVALITETA ELEKTRICNE ENERGIJE

Pojam kvalitete elektricne energije relativno je nov
pojam i za razliku od kvalitete veéine drugih roba tesko
mjerljiv. K tome ne postoji ni jedinstvena definicija
kvalitete elektricne energije. Definicije se razlikuju
prema tome definira li se pojam s aspekta operatora
distribucijskog sustava ili s aspekta potrosaca. U
danaS$njim trziSnim uvjetima najvazniji kontrolori
kvalitete elektricne energije upravo su potrosaci, pa bi
stoga prakticna definicija kvalitete elektricne energije
mogla glasiti: to je odsutnost svake nepravilnosti u bilo
kojoj veliCini, koja bi prouzrocila kvar ili nepravilno
djelovanje trosila potroSaca. Uz to tehnicke norme ne
reguliraju kvalitetu elektri¢ne energije u cjelini, nego
napon, struju, frekvenciju i druge tehnicke veli¢ine koje
je moguce egzaktno mjeriti. Stoga, u biti, pod kvalitetom
elektricne energije zapravo podrazumijevamo kvalitetu
napona, a to proizlazi iz pretpostavke da
elektroenergetski sustav moze osigurati i jamciti
kvalitetni napon, a ne moze utjecati na struje koje iz
sustava uzimaju pojedini potrosaci, iako postoji Cvrsta
korelacija izmedu napona i struje [3].

3.1. Norme za kvalitetu elektri¢ne energije

Jedina u Hrvatskoj vaZzeéa norma za upravljanje
kvalitetom (HRN:EN:ISO9001) govori da prihvaéanje
sustava upravljanja kvalitetom treba biti strateska odluka
organizacije na koju utjeCu razne potrebe, konkretni
ciljevi, ponudeni proizvodi, uspostavljeni

Before deregulation, only vertically organized electric

power industries were responsible for supervising the

security of the electricity supply. After deregulation, that

responsibility and supervision was divided into several

separate subjects on the electricity market and it was

necessary to establish regulation mechanisms for the

security of the electricity supply [1].

The security of the electricity supply is a comprehensive
term which expresses the electric power system’s ability
to fulfill its function, both long- and short-term, in
compliance with present standards and existent contracts
for electricity delivery, as well as special conditions
regarding the selling of electrical energy [2]. The security
of the electricity supply relates to a future period that is
time-compatible for long-term planning of the electric
power system development and for which the strategy of
energy development is created. Requirements with regard
to the security of the electricity supply are of a technical,
commercial and political nature, which includes
requirements for protection and preservation of the
environment and tariffs. Regarding basic functions of the
electric power system, the security of the electricity
supply is actually referred to as the quality of electrical
energy.

3. QUALITY OF ELECTRICAL ENERGY

The concept of the quality of electrical energy is
relatively new and unlike the quality of most other
merchandise, its measurement is difficult. A unique
definition of the quality of electrical energy is
nonexistent. The definitions differ according to who
defines it: the distribution system operator or customers.
The most important controllers of the quality of electrical
energy are customers, so the only practical definition of
quality of electrical energy would be that it is the absence
of any irregularities in any measure, which cause failures
or irregular operations of customer equipment. Technical
standards also do not regulate the quality of the electrical
energy as a whole, but individually: voltage, current,
frequency and other technical measures that can be
exactly measured. Essentially, the concept of the quality
of electrical energy implies voltage quality, which arises
from the assumption that an electric power system can
ensure and guarantee an adequate quality of voltage and
cannot influence currents taken from a system
individually by consumers, even though there is a
connection between voltage and current [3].

3.1. Standards for quality of electrical energy

The only valid standard for quality control of electrical
energy in Croatia (HRN:EN:ISO9001) says that
acceptance of a quality control system must be an
organization’s strategic decision which is affected by
different needs, offered products, established process
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procesi te veli¢ina i ustrojstvo organizacije. Da bi
organizacija radila ucinkovito, mora utvrditi brojne
medusobno povezane radnje i njima upravljati.

Model sustava upravljanja kvalitetom temeljen na
procesnom pristupu koji obuhvaéa sve zahtjeve
spomenute medunarodne norme pokazuje da kupac ima
vaznu ulogu u utvrdivanju zahtjeva kao ulaznih podataka.
Trajno  pracenje  zadovoljstva  kupca  zahtijeva
vrednovanje informacija koje se odnose na kupcevu
predodzbu o tome je li organizacija ispunila njegove
zahtjeve.

U svijetu se primjenjuju razli¢ite norme kojima se
definira kvaliteta elektricne energije [4]:

- IEEE 1159-1995 (Amerika i neke druge zemlje);
- EN 50160 — 1994 (Europa);
- I[EC 61000-4-30-2000 (Medunarodna norma).

Europska norma EN 50160 obraduje i odreduje osnovne
zahtjeve na  kvalitetu  elektriéne  energije u
srednjonaponskim i niskonaponskim mrezama. Norma je
sadrzajno zbirka pravila i razina elektromagnetske
kompatibilnosti definiranih kroz trinaest parametara
napona. Normom se reguliraju elektromagnetske smetnje
u tockama (mjesto prikljucenja i predaje) NN i SN mreza
u kojima se susreCu potroS$acC i operator mreze (javna
mreza). U tim se tockama valni oblik, amplituda i stalnost
napona definiraju parametrima koji su funkcijski ovisni o
cvrstoc¢i mreze koja se iskazuje: snagom kratkog spoja u
tocki  prikljuenja, postoje¢im elektromagnetskim
smetnjama u mrezi koje uzrokuju okolni potrosaci kao i
potrosa¢i u drugim dijelovima mreze i na drugim
naponskim  razinama, nelinearnostima  elemenata
elektroenergetskog sustava i karakteristikama potroSaca
(nelinearnosti i druge znacajke potrosaca).

Cilj je norme EN 50160 propisati znacajke napona
napajanja u odnosu na valni oblik, visinu, frekvenciju i
simetriju kod trofazne mreze na mjestu predaje
potrosacu. Te se znaCajke pri normalnom pogonu
mijenjaju  zbog promjena optereCenja, smetnji iz
odredenih postrojenja ili kvarova izazvanih vanjskim
dogadajima. No kompletni ispad mreZze ne moze se
smisleno opisati putem grani¢nih vrijednosti. Zbog toga
norma ne zadaje stvarne graniéne vrijednosti, nego
postavlja one vrijednosti koje ne smiju biti premasene
tijekom 95% vremena promatranja. Mjeri se, ovisno o
mjerenoj veliini, 10-sekundna ili 10-minutna srednja
vrijednost mjerene veli¢ine. Mjerenje traje jedan tjedan.
Norma je sluzbeno u upotrebi od srpnja 1995. godine, ali
u Hrvatskoj jo§ nije preuzeta kao obvezna premda se
primjenjuje pri mjerenjima kvalitete elektri¢ne energije.

and size and structure of the organization. For an
organization to work effectively, many interconnected
actions must be determined and controlled.

The model of the quality control system, based on the
processing approach, which includes all demands of the
aforementioned international standards, shows the
important role of the customer in determining requests as
input data. Continuous monitoring of customer
satisfaction demands the evaluation of information
(benchmarking) which refers to customer perception of
whether its requests have been fulfilled by the
organization. Different standards that define the quality
of electrical energy are used throughout the world [4]:

-IEEE 1159-1995 (America and
countries);

- EN 50160 — 1994 (Europe);

- IEC 61000-4- 30 — 2000 (international standard).

some other

The European standard EN 50160 processes and
determines basic demands on the quality of electrical
energy in medium voltage (MV) and low voltage (LV)
electrical grids. Substantially, the standard EN 50160 is a
collection of rules and levels of -electromagnetic
compatibility  defined through thirteen voltage
parameters. It also regulates electromagnetic disturbances
at low voltage (LV) and medium voltage (MV) grid
points (points of connection and delivery - terminals) in
which the consumer and grid operator meet. At these
points, waveform, amplitude and continuity of supply
voltage are defined by parameters that functionally
depend on the strength of the grid as described by: short
circuit power at the point of connection; existing
electromagnetic disturbances caused by surrounding
consumers, as well as consumers from other parts of the
electric grid or on other voltage levels; nonlinearity of
elements of the electric power system and consumer
characteristics (nonlinearity and other characteristics).
The main goal of the EN 51160 standard is to create
characteristic voltage values regarding waveform,
amplitude, frequency and symmetry of a three-phase
electric grid at the points of connection and delivery
(terminals). These values change during standard
operation due to load change, disturbances from other
parts of substations or failures caused by external
occurrences. Total failure of an electric grid cannot be
reasonably explained through limiting values. Therefore,
the standard determines values that cannot be exceeded
during 95% of monitoring time. Measured values are 10-
second, or 10-minute mean value, depending on the
category. Duration of the measurement is one week.
Standard is officially in use from July, 1995, but in
Croatia it is not yet binding, but it's used at quality of
electrical energy measurements.
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4. ISTRAZIVANJE I UTVRDPIVANJE STANJA

KVALITETE ELEKTRICNE ENERGIJE

4.1. Osnovni podaci istraZivane mreze

Istrazivanje i utvrdivanje stanja kvalitete -elektricne
energije izvrSeno je obradom rezultata viSegodiSnjih
pojedinac¢nih mjerenja kvalitete elektricne energije u
razli¢itim tockama promatrane mreze. Obradivana mreza
je distribucijska mreza DP Elektroprimorje Rijeka [5].
naravi je to distribucijska mreza Sirega podrucja (grad i

prigrad) grada Rijeke. Po strukturi mreza

reprezentativna, kako po strukturi elemenata mreze tako i
po strukturi potrosaca. Ekvivalentni model distribucijske

mreze prikazan je na Slici 2.

4. RESEARCHING AND DEFINING
QUALITY OF ELECTRICAL ENERGY

THE

4.1. Distribution grid - basic data

Researching and defining the quality of electrical energy
conditions are based on analyzing results from several
years of continuous individual measurement of the
quality of electrical energy at different points of the
monitored electric grid. The monitored grid is the
distribution grid DP Elektroprimorje Rijeka [5]. By
nature, it is a distribution grid of a larger area of the city
of Rijeka. Structurally, the grid is representative
regarding the structure of grid elements, as well as the
structure of grid users. The equivalent model of the

U

je

distribution grid is shown in Figure 2.
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n — broj potroSaca po naposnkom nivou number of customers at voltage levels
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Slika 2. Ekvivalentni model obradivane distribucijske mreze pogona Rijeka
Figure 2. Equivalent model of processed distribution grid of the Rijeka area

A total of 80 measurements are carried out on the
monitored distribution grid. All measurements are
carried out in low voltage electric grid from busbars of
transformer substations 10(20)/0,4 kV to terminal-
measuring cabinets of all grid users. 35 out of 80
measurements (43,75%) are carried out according to
the complete measurement procedure from the EN
51160 standard, while other measurements are partial.
For evaluation of the parameters of the quality of
electrical energy, the following criteria from the EN
51160 standard are used:

Na promatranoj distribucijskoj mrezi izvrSeno je
ukupno 80 mjerenja. Sva su mjerenja izvrSena u
niskonaponskoj mrezi i to na elementima mreze od
sabirnica napojnih TS  10(20)/0,4 kV do
priklju¢no-mjernih ormarica potrosaca. Od 80 mjerenja
35 (43,75%) je izvrSeno po potpunoj proceduri
mjerenja iz europske norme EN 50160, a ostala su
mjerenja djelomicna. Za ocjenu stanja parametara
kvalitete elektricne energije primijenjeni su sljedeci
kriteriji iz europske norme EN50160:
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— Pogonska frekvencija — 50 Hz; za sinkronu vezu
srednja 10-sekundna vrijednost mora biti: +/- 1% (95%
tjedna) i +/- 4% (100% promatranog vremena = tjedan
dana); za nesinkronu vezu s krutom mrezom srednja
10-sekundna vrijednost mora biti: +/- 2% (95% tjedna)
i+/-15% (100% tjedna);

— Veli¢ina napona napajanja — srednja 10 minutna rms
mora biti: +/- 10% (95% tjedna) i +10%/-15% (100%
tjedna);

— Brze naponske promjene (flikeri) — subjektivni
osjecaj promjene gustoce svjetla. Mjere se vrijednosti
samo kratkotrajne jakosti treperenja Py tijekom
vremenskoga intervala od 10 min, dok se dugotrajna
jakost treperenja Py, izraGunava temeljem niza od 12
uzastopnih vrijednosti Pg:

Py ne smije prijeci vrijednost 1 tijekom 95% tjedna.

— Naponski propadi — nastaju najéesée zbog kvarova u
postrojenjima potrosaca ili u javnoj distribucijskoj
mrezi. Definiraju se kao nagla, kratkotrajna (od 10 ms
do 1 min) smanjenja opskrbnog napona na neku
vrijednost u pojasu od 90% pa do 1% U, nakon Cega
se ponovo uspostavlja nazivni napon. Pad napona u
niskonaponskim mrezama racuna se prema izrazu [6]:

— Power frequency - 50 Hz; for synchronous
connection, mean value of fundamental measured over
10 s must be: +/- 1% (95% of week) and +/- 4% (100%
of week); for a non-synchronous connection, mean
value of fundamental measured over 10 s must be: +/-
2% (95% of week) and +/- 15% (100% of week);

— Nominal voltage of the system - the mean 10-minute
rms must be: +/- 10% (95% of week) and +10%/-15%
(100% of week);

— Rapid voltage changes (flicker) - impression of
unsteadiness of visual sensation induced by a light
stimulus. Only short-term severity (Py) is measured
over a period of 10 minutes, while long-term severity
(Py) is calculated from a sequence of 12 Py - values
according to the following expression:

3—> P, (1)

P, must not exceed the value 1 for 95% of week.

— Supply voltage dips - generally occur because of
failures in customers’ substations or in the public
distribution grid. It is defined as a sudden reduction of
the supply voltage (from 10 ms and 1 minute) between
90% and 1% of U, of the declared voltage. The supply
voltage dip in a low voltage (LV) electrical grid is
defined as [6]:

[

a=324y, @

gdje je Si3" rasklopna snaga za tropolni kratki spoj, a
AS, gubitak snage na potroSacu. Dopusteni
orijentacijski broj propada napona tijekom jedne
godine smije se kretati u opsegu do 10 do 1000.

— Kratki prekidi napajanja — stanje pri kojem je
opskrbni napon na mjestu predaje manji od 1%U,.
Razlikuju se planirani i neplanirani, te kratkotrajni i
dugotrajni prekidi. Trajanje oko 70% kratkih prekida
(<3 min) godisnje mora biti krace od 1s. Za duge
prekide opskrbnog napona (>3 min) dopusta se 10-50
prekida godiSnje.

— Neuravnotezenost napona — pri normalnim
pogonskim uvjetima rada nijedna 10-minutna rms
inverzna komponenta napona ne smije tijekom 95%
tjedna prelaziti 2% odgovarajuce direktne komponente.

— Napon harmonika - moze se prikazati na dva naéina:
pojedinacno, njihovim amplitudama (Uy,) svedenim na
amplitudu osnovnog harmonika U, ili zajednicki,

Sk3

where Sy;" is three-phase short circuit power, and AS,
power losses at the customer level. The tolerable
orientation number of supply voltage dips is 10 to 1000
times per year.

— Short interruptions - is a condition in which the
voltage at the supply terminals is lower than 1%U,. A
supply interruption is classified as prearranged and
accidental (long and short). Duration of approximately
70% of short supply interruptions (<3 min) per year
must be shorter then 1s. For long interruptions, (>3
min) 10-50 interruptions per year are allowed.

— Supply voltage unbalance - at normal operation,
mean 10-minute inverse rms voltage values are up to
2% of the matching direct component for 95% of
week.

— Harmonic voltages - can be evaluated individually,
by their relative amplitude (U,) related to the
fundamental voltage U, or globally, usually by the
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preko ukupnog sadrzaja visih harmonika, koji se
racuna pomocu izraza:

mn= [$0,)

Tijekom svakoga 10-minutnog intervala vrijednost
THD-a mora biti manja od 8% vrijednosti prvog
harmonika, dok vrijednost pojedinih harmonika mora
imati iznose u pojasu od 0,5% do 6% vrijednosti prvog
harmonika.

4.2. Rezultati stanja kvalitete elektri¢ne energije

Mjerenja parametara kvalitete elektricne energije
izvrSena su u 80 mjernih tocaka u niskonaponskim
mrezama, a parametri su razvrstani u tri tipa:

SAB: mjerna tocka na sabirnicama 0,4 kV u
TS 10(20)/0,4 kV

GRO: glavni prikljuéni ormar potrosaca kategorije
poduzetnistvo

KPMO:  prikljuno-mjerni ~ ormar
kategorije kucanstvo

potroSaca

Mjerni je uzorak brojem i strukturom reprezentativan
za ocjenu stanja kvalitete elektricne energije, s
napomenom da mjerni uzorak nije sastavljen prema
uobiCajenim statistickim nacelima slucajnim ili
sustavnim odabirom, ve¢ su mjerne tocke u uzorku one
tocke za koje je postojala sumnja operatora mreze ili
prijava potrosaca o odstupanjima kvalitete elektri¢ne
energije.

total harmonic distortion factor (THD), calculated
using the following expression:

100%
Ul

3

During every 10 minute interval, THD value must be
lower than 8% of the fundamental harmonic value,
while the values of individual harmonics must be
within 0,5% to 0,6% of the fundamental harmonic
value.

4.2. Results of quality of electrical energy conditions

Measurement of the parameters of the quality of
electrical energy is carried out on 80 measuring points
in low voltage electric grids and is categorized in three

types:

SAB: measuring points on busbars 0,4 kV in
transformers substations 10(20)/0,4 kV

GRO: main terminal cabinet for customers from
category residential.

KPMO: terminal cabinet for customers from
category commercial.

The measured sample is, according to number and
structure, representative of the evaluation of the quality
of electrical energy conditions, with the comment that
the measured sample is not created according to
regular statistical principles by random or systematic
selection, but measuring points in the sample are the
ones with existing suspicion either from the grid
operator or customer complaints regarding the quality
of electrical energy deviation.

Tablica 1. Udio mjernih tocaka s odstupanjima parametara kvalitete

Table 1.

Percentage of measurement points with quality parameters deviation

A Broj mjernih tocaka koje ne
Broj mjernih tocaka / S,
. > . . . zadovoljavaju EN 50160 /
Mjerne tocke / Measuring points Number of measuring . c
oints Number of measuring points
P that do not satisfy EN 50160
Sve mjerne tocke /| g\ p1 GRO+KPMO 80 45 (56,25 %)
All measuring points
Sabirnice / Busbars SAB 23 11 (47,83%)
Svipotrosaci / GRO + KPMO 57 34 (59,64%)
All customers
Poduzetnlstyo / GRO 10 8 (80%)
Commercial
Kuéanstva / Residential KPMO 47 26 (55,32%)
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Razdiobe ucestalosti odstupanja pojedinih parametara
kvalitete elektri¢ne energije od normiranih vrijednosti
za razli¢ite skupine mjernih tocaka prikazane su u

The distribution rate deviation of individual parameters
of the quality of electrical energy from standard values
for different groups of measuring points is shown in

Tablici 2.

Table 2.

Tablica 2. Razdioba ucestalosti odstupanja pojedinih parametara kvalitete
Table 2. Distribution rate deviation of individual parameters of quality

Svteolénlgzl}ne Mjerne tocke koje ne Sabirnice Svi
zadovoljavaju EN50160 | TS SN/NN | potrosaci/
mealssllllrin / Measuring points that | / Busbars All SO I
s g do not satisfy EN 50160 MV/LV customers
Broj mjernih tocaka
/ Number of 80 45 23 57 10 47
measuring points
Pogonska frekvencija 0,00% 0,00% 0,00% 0,00% | 0,00% | 0,00%
/ Power frequency
Veli¢ina napona
napajanja / Nominal 40,00% 71,11% 17,39% 49,12% 30,00% | 53,19%
voltage of the system
Brze naponske
pr‘f{r:fjgevgl;‘;) / 63,64% 46,67% 30,43% 22,81% | 60,00% | 14,89%
changes (flicker)
Naponski propadi / 0 o o 0 o o
. 37,50% 13,33% 4,35% 8,77% 10,00% | 8,51%
Supply voltage dips
Kratki prekidi napona
napajanja / Short 8,33% 4,44% 0,00% 3,51% 10,00% | 2,13%
interruptions
Neuravnotezenost
napona / Supply 40,63% 28,89% 17,39% 15,79% 20,00% | 14,89%
voltage imbalance
ﬁiﬁiﬁi@;ﬂ; S/ 25,00% 22,22% 26,09% 7,02% | 30,00% | 2,13%

1z rezultata razdioba ucestalosti odstupanja parametara
kvalitete vidljivo je da:

* na razini ukupnog broja mjernih tocaka u
najveCem broju tocaka (63,64%) odstupa
parametar brze naponske promjene (flikeri)

= na razini potrosa¢a — kategorija kucanstvo — u
najve¢em broju tocaka (53,19%) odstupa
parametar veli¢ina napona napajanja.

From the distribution rate deviation of individual
parameters of quality, it can be seen that:

= from the total number of measuring points, the
parameter that deviates the most (63,64%) are
rapid voltage changes (flickers);

= at the customer level (residential category)—the
parameter that deviates the most (53,19%) is the
nominal voltage of the system.
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Razdioba ucestalosti odstupanja parametara kvalitete na uzorku svih mjernih tocaka

Figure 3. Distribution rate deviation of parameters of quality on sample of all measuring points

Utjecaj i struktura tehnoloske vrste prikljucka potrosaca
(poduzetnistvo GRO i kuc¢anstva KPMO) kod potrosaca
kod kojih postoje odstupanja parametara kvalitete
elektricne energije prikazan je u Tablici 3. iz koje je
vidljivo da od svih potrosa¢a s odstupanjima, 71,43%
ima nadzemni prikljucak.

The importance and structure of the technological
category of customer terminals (commercial GRO and
residential KPMO) for customers with a distribution rate
deviation of parameters of quality is shown in Table 3. It
can be seen that of all customers with a deviation,
71,43% have overhead terminal.

Tablica 3. Odstupanja od dozvoljenih vrijednosti u ovisnosti o vrsti prikljucka
Table 3. Deviation from standard values regarding terminal category

Broj mjernih to¢aka /

Vrsta prikljucka / Number of measuring

Terminal category

Broj mjernih to¢kaka koje ne zadovoljavaju EN50160 /
Number of measuring points that do not satisfy EN 50160

points
Kabelski / Cable 22 9 (40,91%)
Nadzemni/Overhead 35 25 (71,43%)

5. ZAKLJUCAK

Kvaliteta elektricne energije (kvaliteta napona) kao dio
ukupne kvalitete opskrbe potrosada elektricnom
energijom u dereguliranim uvjetima elektro-energetskoga
gospodarstva i liberaliziranog trzista elektri¢ne energije,
postaje znacajan regulacijski parametar za operatore
mreze i znacajan ugovorni parametar na trzistu elektricne
energije. Operatori mreze duzni su uspostaviti sustav
pojedinacnih mjerenja 1 sustav trajnog nadziranja
parametara kvalitete elektricne energije, radi utvrdivanja
stanja i poboljSanja parametara do normirane razine.

Izvrseno istrazivanje stanja kvalitete elektricne energije u
realnoj distribucijskoj mrezi pokazuje nesto loSije stanje
od stvarnog, s obzirom na to da su mjerne tocke izabrane
temeljem utvrdenih stvarnih kritiénih to¢ki mreze, a ne

5. CONCLUSION

The quality of electrical energy as a part of the overall
quality of electricity supply regarding deregulated
conditions in the electric power industry and liberated
electricity market becomes an important parameter of
control for grid operators and a significant contracting
parameter on the electricity market. Grid operators are
obliged to establish an individual measurement system
and system of continuous monitoring of the parameters of
quality of electrical energy, with the purpose of
determining the parameters condition and its
improvements to standard levels.

Conducted research of the quality of electrical energy
conditions in a real distribution grid shows that the
situation may be understood as worse than it is, taking
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prema uobicajenim statistickim nacelima slucajnim ili
sustavnim odabirom.

Prikazani rezultati relativno reprezentativne distributivne
mreze predstavljaju podlogu za moguca usmjeravanja
primjene tehnickih mjera za poboljSanje parametara
kvalitete elektricne energije, odnosno za planiranje
razvoja distribucijske mreze u cjelini.

6. POPIS OZNAKA

duljina vodova L, km
broj potrosaca odredenog napona n, -
broj transformatorskih stanica nrs, -
broj transformatora Nrr, -
kratkotrajna jakost treperenja Py, -
dugotrajna jakost treperenja Py, -
nazivni napon U, kV
pad napona AU, V
gubitak snage na potrosacu ASa, VA
snaga tropolnoga kratkog spoja Sis", VA
prvi harmonik napona U, V
LITERATURA

REFERENCES

[1] Brauner G. OVE, VDE, VDI, IEEE: ,,Deregulierung
und Sicherheit in der Energieversorgung®, Struc¢ni
Casopis ,,e&i“ OVE Verbandszeitschrift, Heft
10/2002., str. 324-327, Wien, Austria

[2] Babi¢ S., Babi¢ B.: ,,Sigurnost opskrbe elektricnom
energijom® (I — IV dio); Elektroenergetika — stru¢ni
Casopis, br. 01/2006 (svibanj 2006., str. 22-25),
02/2006 (srpanj 2006., str. 10-14), 03/2006
(listopad 2006., str. 22-25), 04/2006 (prosinac
2006., str. 28-32), Zagreb, 2006. god.

Primljeno / Received: 30.4.2008
Prethodno priopcenje

Adresa autora / Authors’ address:

Mr. sc. Marijana Zivi¢ Purovi¢, dipl. ing.
Dr. sc. Vitomir Komen, dipl. ing.
Tehnicki fakultet Sveucilista u Rijeci
Vukovarska 58, 51000 Rijeka

Renato Cucié, dipl. ing.

HEP-ODS d.o.o. Elektroprimorje Rijeka
Viktora Cara Emina 2, 51000 Rijeka
HRVATSKA (CROATIA)
Marijana.Zivic@riteh.hr
Vitomir.Komen@hep.hr
Renato.Cucic@hep.hr

into account that points are selected according to the
stated critical points of the related real grid and not
according to regular statistical principles by random or
systematic selection. The presented results might be used
as the groundwork for implementation of technical
measures regarding improvement of the quality of
electrical energy parameters and overall planning of
distribution grid development.

6. LIST OF SYMBOLS

line length

number of customers at voltage levels
number of transformer substations
number of transformers

short term severity

long term severity

nominal voltage

voltage dip

power losses at customer level
three-phase short circuit power
fundamental voltage harmonic

[3] Dugan R. C., McGranagham, Beaty H. W.:
»Electrical Power Systems Quality*, McGraw-Hill,
1996. god

[4] Power Quality in European Electricity Supply
Networks — 2nd edition, Eurelectric, 2003. god.

[S] Temeljni podaci (statisticki ljetopis), HEP -
Distribucija d.o.o., DP Elektroprimorje Rijeka za
2000. god, 2001. god, 2002. god, 2003. god, 2004.
god, 2005. god. i 2006. god.

[6] Dirk Blume, Jirgen Schlabbach, Thomas
Stephanblome: Spannungsqualitdtin  elektrischen
Netzen, VDE-Verlag, Berlin, OFFenbach, 1999.
ISBN 3-8007-2265-8.

Prihvaceno / Accepted: 29.10.2008

Preliminary note




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile ()
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 7.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


