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OVISNOST POKAZATELJA POUZDANOSTI DISTRIBUCIJSKE MREZE O
FINANCIJSKIM ULAGANJIMA U MREZU

DEPENDENCY OF RELIABILITY INDICES OF DISTRIBUTION
NETWORK ON FINANCIAL INVESTMENTS IN THE NETWORK

Vitomir KOMEN - Slavko KRAJCAR

SaZetak: Pouzdanost distribucijske mreze je temeljna sastavnica kvalitete opskrbe elektricnom energijom. Osnovna
zadaca operatora mreze je planiranje i razvoj mreze kroz kontinuiranu izgradnju i financijska ulaganja u mrezu, radi
postizanja odgovarajuce razine kvalitete opskrbe. U ovom radu je istrazena i utvrdena, na primjeru jedne
karakteristicne distribucijske mreze, korelacijska ovisnost pokazatelja pouzdanosti distribucijske mreze o ukupnim
financijskim ulaganjima u mrezu.
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— distribucijska mreza
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— ukupna financijska ulaganja

Abstract: Distribution network reliability is the basic integral part of electric power supply reliability. The main task of
the network operator is the planning and development of a network through continuous construction and financial
investments in the network, in order to achieve an adequate level of supply quality. This paper researches and defines
the correlational dependency of distribution network reliability index on total financial investments in the network,
based on the example of a characteristic distribution network.
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1. UvVOD

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, jer
bi ne samo ugrozio nego spustio danasnju civilizacijsku
razinu. Krupniji poremecaji u redovitoj opskrbi
elektricnom energijom imali bi dalekosezne nepovoljne
posljedice u drustvu i uzrokovali bi tesku prilagodbu.
Stoga je u danaSnjem energetskom zakonodavstvu
posebna paznja posvecena sigurnosti odnosno kvaliteti
opskrbe elektriénom energijom, a koja se sastoji od
pouzdanosti  elektroenergetskog  sustava, kvalitete
elektricne energije i kvalitete usluga korisnicima mreze.
Pouzdanost elektroenergetskog sustava temeljno odreduje
pouzdanost distribucijskog sustava odnosno
distribucijskih mreza, dijela elektroenergetskog sustava

1. INTRODUCTION

The electric power industry is one of the industrial
branches, in which even a short-term interruption of
electric power supply causes very sensitive stoppage of
everyday activities, and long-term interruption is
unimaginable, because it would not only endanger but it
would also lower today's civilization level. Greater
outages in regular electrical power supply would have
extensive unfavorable consequences in the society and
cause difficult adjustments. Therefore, today's energy
legislation pays special attention to safety, i.e. quality of
electric power supply, which consists of the reliability of
the electric power system, electric power quality and
quality of services for network customers. The electric
power system reliability basically determines the
distribution system reliability, i.e. the reliability of
distribution networks, the part of the electric power
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sa najveim brojem elemenata i dijela na koji su
prikljuceni potrosaci (kupci) elektricne energije.

Mjerila za vrednovanje pouzdanosti distribucijske mreze
su pokazatelji pouzdanosti, veli¢ine od klju¢nog znacaja
za razumijevanje ponasanja pojedinih elemenata odnosno
mreze u cjelini.

Od interesa je utvrdivanje tehnickih i organizacijskih
mjera za poboljSanje pouzdanosti distribucijskih mreza, a
posebice  utvrdivanje  kvantificiranih  korelacijskih
ovisnosti 1 utjecaja odredenih tehnickih mjera na
pokazatelje pouzdanosti.

U ovom radu istraZena je ovisnost i utjecaj ukupnih
financijskih ulaganja u razvoj distribucijske mreze na
poboljsanje pokazatelja pouzdanosti.

2. POKAZATELJI POUZDANOSTI
DISTRIBUCIJSKIH MREZA

Pokazatelji pouzdanosti distribucijskih mreza su [1]:

system with the greatest number of elements and the part
to which customers of electric power are connected.

Standards for distribution network reliability are
reliability indices of the distribution network, standards
of essential importance for understanding the behavior of
individual elements, i.e. the network as a whole.

It is also important to determine technical and
organizational standards for the improvement of
distribution network reliability, and especially to

determine the quantifying correlational dependencies and
the influence of determined technical standards on the
reliability indices.

This paper researches the dependency and influence of
the total financial investments in the distribution network
development on improvement of the reliability index.

2. DISTRIBUTION NETWORK RELIABILITY
INDICES

Distribution network reliability indices are [1]:

1. Osnovni pokazatelji pouzdanosti distribucijskih 1. A basic distribution network reliability index
mreza a) medium fault (interruption) frequency
a) srednja frekvencija kvara (prekida)
n
fs= Z 4 (D
i=1
b) srednje vrijeme trajanja kvara (prekida) b) medium fault (interruption) duration
2 A
— @
24
i=1
¢) neraspolozivost ili srednje godiSnje vrijeme ¢) unavailability = or  average annual fault
trajanja kvara (prekida) (interruption) duration
n
Ns:rsfs:zﬂ’ir} (3)
i=l

2. Dodatni pokazatelji pouzdanosti razdjelnih mreza
Dodatni pokazatelji pouzdanosti se dijele na
pokazatelje orijentirane potrosacu (customer-oriented
indices) i na pokazatelje orijentirane opterecenju i
energiji (load and energy-oriented indices).

2. Additional distribution networks reliability indices
Additional reliability indices are divided into
customer-oriented indices and load and energy-
oriented indices.

2.1. Pokazatelji pouzdanosti distribucijskih mreza 2.1. Customer-oriented distribution network
orijentirani potrosacu su: reliability indices:
a) SAIFI, indeks prosje¢ne ucestalosti prekida a) SAIFI, System Average Interruption
sustava  (System  Average Interruption Frequency Index
Frequency Index)
SAIF] > fim; { prekida } @
n; pot., god.

gdje su f; frekvencija prekida napajanja ¢vora
odnosno  potroSacke tocke i  (npr.
transformatorske stanice 10/0.4 kV), a n; broj

where f; is the frequency of electric powers
supply interruption of the node, i.e. customer
point i (e.g. substations 10/0.4 kV), and n; is
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potrosaca u ¢voru. SAIFI predstavlja srednji
broj prekida napajanja jednog potrosaca.
CAIFI, indeks prosje¢ne ucestalosti prekida
potrosaca (Customer Average Interruption
Frequency Index)

b)

CAIFI = ukupan broj prekida potroSaca

the number of customers in the node. SAIFI
represents the average number of electric
power supply interruptions to the customer.

ukupan broj pogodenih potroSaca

b) CAIFI, Customer Average Interruption
Frequency Index
prekida 5)
pogodenih potrosaca

¢) SAIDI, indeks prosjecnog trajanja prekida ¢) SAIDI, System Average Interruption Duration
sustava  (System  Average Interruption Index
Duration Index)
N.n.
suipy = 2N h 6)
n; pot., god.
gdje je N; godiSnje vrijeme trajanja prekida where N; is the annual electric power supply
napajanja ¢vora i. SAIDI predstavlja interruption duration of the node i. SAIDI
prosjecno zbirno (kumulativno) vrijeme represents the average cumulative electric
trajanja prekida napajanja jednog potrosaca u power supply interruption duration of one
toku jedne godine. customer within a period of one year.
d) CAIDI, indeks prosje¢nog trajanja prekida
potroSaca (Customer Average Interruption d) CAIDI, Customer Average Interruption
Duration Index) Duration Index
N.n.
caipr = 2N )
Jin;
e) ASAI, indeks prosjeCne raspolozivosti e) ASAI, Average Service Availability Index
napajanja (Average Service Availability
Index)
8760-> n,—> N,n;
asar =700 2 = 2 Nim ®)
8760-> n;
f) ASUI, indeks prosjecne neraspolozivosti f) ASUI, Average Service Unavailability Index
napajanja (Average Service Unavailability
Index)
ASUI =1- ASAI )
2.2. Pokazatelji pouzdanosti razdjelnih mreza 2.2. Load and energy-oriented distribution network

orijentirani opterecenju i energiji su:
a) ENS, indeks neisporucene energije (Energy
Not Suplied Index)
ENS=)"L,N;

gdje je L; iznos prosjeCnog opterecenja
priklju¢enog u ¢voru i, a jednak je L=L,F,,.
L, i F, su vrSno optereéenje i faktor

[Mwn]

reliability indices:
a) ENS, Energy Not Supplied Index

(10)

where L; is the sum of the average load
connected to the node i, and equals L=L,;F,,. L,
and F,; are peak load and the load factor in the

b) AENS, Average Energy Not Supplied Index

opterecenja u ¢voru i. node i.
b) AENS, indeks prosje¢no neisporucene
energije (Average Energy Not Supplied
Index)
L.N.
AENS:Z . kWh

|

2

potrosac, godina

an

|
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3. OPISI PODACI REALNE
DISTRIBUCIJSKE MREZE

Analize su radene na primjeru realne distribucijske mreze
jednog  karakteristicnog  distribucijskog  podrucja.
Podrucje je karakteristicno za obradu jer je dovoljno
veliko po veli¢ini mreZe, obuhvac¢a podru¢je mreze sa

svim tipovima klime (otocka podrucja, priobalna
podrugja, kontinentalno-gorska  podrugja), ima
zastupljenost svih  standardnih  tehnickih rjeSenja

elemenata mreze 1 postrojenja, te ima u potrosnji
zastupljenost svih karakteristi¢nih grupa potrosaca.
Distribucijsko  podru¢je se strukturno sastoji od
transformatorskih stanica TS 110/35 kV i TS 110/20(10)
kV, mreze 35 kV, mreze 20 kV, mreze 10 kV, mreze 0.4
kV i potrosackih postrojenja. Pocetak koriStenja
elektricne energije na ovom podrucju je od 1881. godine
1 najstariji je u Hrvatskoj.

Elektrifikacija i razvoj distribucijske mreze zapoceo je po
koncepciji 110 — 35 — 10 — 0.4 kV, a od pocetka
sedamdesetih godina zapoCeo je proces uvodenja
naponske razine 20 kV, odnosno daljnji razvoj mreza po
koncepciji 110 — 20 — 0.4 kV. Trenutno stanje uvodenja
naponske razine 20 kV je da je ve¢i dio razdjelne mreze
na naponskoj razini 20 kV, te da je u postupku prijelaza
na 20 kV preostali dio mreze. Distribucijsko podrucje
ima povr§inu 3574 km? opskrbljuje elektritnom
energijom vise od 300.000 stanovnika sa priblizno
200.000 potrosaca (kupaca) elektricne energije i
ostvarenim vr$nim optere¢enjem od 307,5 MVA [2].

Ekvivalentni model distribucijske mreze za 2006. godinu
prikazan je Slikom 1 [2].

Kompleksnost, struktura i broj elemenata mreza i
postrojenja, te iznimno znacajan rast razvoja potroSnje
elektricne energije iziskuje zahtjevan i osmisljen pristup
gospodarenju i ulaganjima u odrzavanje i razvoj mreze.
Ukupna financijska ulaganja u mrezu promatranog
podrugja dijele se u osnovi u dvije skupine:

- troskovi odrzavanja elektroenergetske mreze (ODR)

- investicijska ulaganja u elektroenergetsku mrezu

(INV).

Ukupna financijska ulaganja u mrezu trebaju biti tolika
da uz ocekivani rast potroSnje elektricne energije
osiguraju sigurnu i pouzdanu opskrbu potrosaca
kvalitetnom elektricnom energijom.

Podaci o troskovima odrzavanja elektroenergetske mreze
u razdoblju od 2000. godine do 2006. godine prikazani su
u Tablici 1 [3].

3. DESCRIPTION AND DATA OF REAL
DISTRIBUTION NETWORK

An analysis was conducted based on the example of a
real distribution network of one characteristic distribution
area. Area is characteristic for processing because it has a
large enough network and includes the network area with
all climate types (islands, offshore area, and continental-
mountain area), all standard technical solutions of
network elements and operations are represented, and its
consumption represents all characteristic groups of
customers.

The distributional area is structurally made of substations
TS 110/35 kV and TS 110/20(10) kV, 35 kV network, 20
kV network, 10 kV network, 0.4 kV network and
customer operations. The beginning of electrical power
usage in this area dates from 1881 and is therefore the
oldest in the Republic of Croatia.

Electrification and distribution network development
started according to the 110 — 35 — 10 — 0.4 kV concept,
and from the beginning of the seventies, the
implementation process of 20 kV voltage level started,
i.e. further development of networks according to the 110
— 20 — 04 kV concept. The -current state of
implementation of the 20 kV network is such that a
greater part of the distribution network is at the 20 kV
voltage level, and the remaining part of the network is in
the process of transition to 20 kV. The distribution area
covers the surface of 3574 km®, supplying more than a
population of 300.000 with electrical power with
approximately 200.000 customers of electrical power and
a realized peak load of 307,5 MVA [2].

The equivalent model of the distribution network for the
year 2006 is shown in Figure 1 [2].

The complexity, structure and number of elements of the
network and the operation, as well as the extremely
important development growth of electric power
consumption requires a demanding and well defined
approach to management and investments in network
maintenance and  development. Total financial
investments in the network of the observed area are
basically divided in two groups:

- electric power network maintenance expenses (ODR)
- capital investments in the electric power network

(INV).

Total financial investments in the network should be such
that they ensure safe and reliable supply of the customers
with quality electric power even with the expected
growth of electric power consumption.

Maintenance expenses data of electric power network in
the period from the year 2000 till 2006 are shown in
Table 1 [3].
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MREZA 110 kv
nrg=35 nyqp=3
@ TR = 12 Eqqg = 108937 MWh
Pj = 372 MWA
Mg =1 MREZA 35 kv —
@ TR =2 | L=38488km Ly=23166km; L,=15322km | @ TR =11
Py = 80 MVA l ne =2 P} = 220 MVA
Nz =6
nrg =20 35 nrs =6 P =38 MVA
@ nR = 36 Eas = 122477 Mivth @ R =12
Pj = 249 MVA Pj= 73 MVA
MREZA 10 kv g = 1 MREZA 20 kv
‘ L=81884km; Ly, = 251,72 km; Ly = 567,12 km | @ np=1 ‘ L=151964 km; Ly, = 697,52 krm, Ly = 822,12 km |
I Pj= 0,1 MVA l
nrg =741 N =93 Nop =46 ntg = 1084
@ TR =772 Ejq = 144238 Mh Egq = 72119 Mwih @ nR = 1188
Pj = 303 MVA

P =265 MWA

MREZA 0,4 kv

‘ L =733549 kim; Ly, = 5467.79 ki Ly, = 1867.70 km |

My = 174357 ngL =2
Ejue = 634945 Mwh ng=2
Pe=T9KVA

LEGEMDA: L - dulina vodova (ukupna, n - nadzemni, k - kabelski)

Mpod = 18425
Enoq = 376898 MWh

n - broj potrogaca odredenog napona (KUc - kucanstva, pod - poduzetnistvo)

nTs - broj trafostanica

NTR - broj transformatora

E - potroSnja na odredencj naponsko] razini
Pj - instalirana snaga transformacije

ng| - broj elekirana

N - broj generatora

P - snaga generatora

Slika 1. Ekvivalentni model realne distribucijske mreze za 2006. godinu
Figure 1. Equivalent model of real distribution network for the year 2006

Tablica 1. Troskovi odrzavanja (ODR)
Table 1. Maintenance expenses

Redni Troskovi Jedinica
broj odrzavanja mjere
ol e Measurement | 2000-8 | 200Lg. | 2002.g. | 2003.g. | 2004.g | 2005.g. | 2006.g.
1 expenses unit
1 2 3 4 6 7 8 9 10
Materijal i usluge
1 Material and kn 13.098.423 | 12332772 | 16.059.879 | 15.340.876 | 18.450.031 | 18.104.441 | 15.894.464
services
2 Troskovi osoblja kn 8330.087 | 7.915.008 | 7.390.749 | 8.840.287 | 11.039.056 | 12.864.925 | 13.158.051
Personnel expenses
UKUPNO ODRZAVANJE
AT TR AR e THETIALL kn 21.428.510 | 20.247.780 | 23.450.628 | 24.181.163 | 29.489.087 | 30.969.366 | 29.052.515
Ubrzani razvoj potrosnje elektricne energije i vrSne  Accelerated  development of electrical power

snage, zahtjevi za povecanje sigurnosti i pouzdanosti
opskrbe, te parametara kvalitete elektricne energije
iziskuje velika investicijska ulaganja u razvoj mreze. U
promatranom  distribucijskom  podruéju  ukupna
investicijska ulaganja se mogu strukturirati u sljedece
grupe:

- stvaranje tehnickih uvjeta za prikljucenje novih

potrosaca

consumption and peak power, requirements for the
increase of safety and reliability of the supply, and
parameters of quality electrical power require great
investments in the development of the network. In the
observed distribution area we structure total capital
investments in the following groups:

- Creation of technical conditions for connection of

new customers
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- sanacija naponskih prilika i poboljsanje kvalitete
opskrbe

- izgradnja kapitalnih objekata iz programa prijelaza na
20 kV naponsku razinu

- ulaganja u nova tehnoloska rjeSenja elemenata mreze
i postrojenja.

Ukupna investicijska ulaganja u elektroenergetsku mrezu

u razdoblju od 2000. do 2006. godine prikazana su u

Tablici 2 [3].

Tablica 2. Investicijska ulaganja (INV)
Table 2. Capital investments

- Recovery of voltage circumstances and improvement
of supply quality

- Erection of capital objects from the program of
transition to 20 kV voltage level

- Capital investment in new technological solutions of
elements of the network and the operation.

Total capital investments in electric power network in the

period from the year 2000 till 2006 are shown in Table 2

[3].

Redni Jedinica
broj/ | Troskovi investicijskih ulaganja/ | mjere /
Ordin |  Capital investments expenses | Mesure- | 2000- & 2001. g. 2002. g. 2003. g. 2004. g. 2005. g. 2006. g.
al ment unit
1 3 4 5 6 7 8 9 10 11
| |Priprema investicija kn 839.152 |  4364.052| 1425540 | 1.604325| 2.158.389|  1479.873|  3.490.736
Investments preparation
o |Zamjenairekonstrukeija kn 25.788.810 | -3.082.168 | 10.934.869 | 13.394.452| 18.664.871| 31.006.397| 16.943.787
Replacement and reconstruction
3 [Revitalizacija energ. objekata kn 261.668 18.020 61.525 9.286 748.340 74.701 0
Revitalisation of power objects
4 Sanacya i obnova rat. Steta kn 0 0 0 0 0 0 0
Sanation of war damages
5 |Novi energetski objekti kn 9415740 | 17.039.867 | 35.294.144| 42.597.185| 53.933.593| 26.079.970| 21.123.857
New power objects
¢ |Ostale investicije kn 10514253 | 11.681.973 | 12.836.919| 12.486.026| 18.697.030| 26.315.459| 24.242.686
Other investments
El energ. uvjeti i prikljucenja
7 |Elect. prerequisities and kn 7.959.985| 22.595.524| 16.280.756 | 22.137.735| 25.300.111 29.694.864 | 33.673.783
connections
g |Razvoi kn 0 0 0 409.900 |  1.024.595|  2.224.121 0
Development
UKUPNA INVESTICIJSKA ULAGANJA
TOTAL CAPITAL INVESTMENTS kn 54.779.608 | 52.617.268 | 76.833.753 | 92.638.909 | 120.526.929 | 116.875.385| 99.474.849

Ukupna financijska ulaganja u elektroenergetsku mrezu
promatranog podrucja u razdoblju od 2000. do 2006.
godine prikazana su u Tablici 3 [3].

Total financial investments in the electric power network
of the observed area in the period from the year 2000 till
2006 are shown in Table 3 [3].

Tablica 3. Ukupna financijska ulaganja (UFI = INV + ODR)

Table 3. Total financial investments

Redn ViR dhgan o Jedinica
i broi elektroenergetsku -
o mrezu J 2000. g. 2001. g. 2002. g. 2003. g. 2004. g. 2005. g. 2006. g.
Ordi- Measure-
Type of power network .
nal . ment unit
investment
1 2 3 4 5 6 7 3 9 10
1 Investicijska ulaganja kn 54779.608 | 52.617.268 | 76.833.753 | 92.638.909 | 120.526.929 | 116.875.385 | 99.474.849
Capital investments
2 TroSkovi odrzavanja kn 21428510 | 20.247.780 | 23.450.628 | 24.181.163 | 29.489.087 | 30.969.366 | 29.052.515
Maintenance expenses
UKUPNA ULAGANJA
TOTAL INVESTMENTS kn 76.208.118 | 72.865.048 | 100.284.381 | 116.820.072 | 150.016.016 | 147.844.751 | 128.527.364

U promatranom distribucijskom podruc¢ju 2000.-te godine
je uspostavljen izvorni sustav pracéenja podataka o
prekidima napajanja  korisnika mreze (kupaca)
elektricnom energijom [4], na nacin koji omogucuje
odredivanje i vrednovanje pokazatelja stalnosti napajanja
kupaca i pouzdanosti distribucijske mreze. Tim sustavom
su obuhvaceni sljedeci podaci:

* pokazatelji stalnosti napajanja koji se prate (SAIDI,

SAIFI, CAIDI, ASAI ENS, AENS)

In the observed distribution area source system of
monitoring data on electric power supply interruptions of
network customers was established in the year 2000 [4],
in such a way which enables the determination and
evaluation of stability indices of the supply of customers
and the reliability of the distribution network. This
system comprises the following data:
 the electric power supply stability indices which are
being monitored (SAIDI, SAIFI, CAIDI, ASAI, ENS,
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* podjela po uzrocima
(planirani/neplanirani prekidi)

* podjela po naponskim razinama distribucijske mreze
(=110kV, 35kV,20i10kV, 0.4 kV)

* podjela po pogonima (podrucjima) koji se prate

prekida opskrbe

Sklopovska oprema i programska podrSska sustava
pracenja temelji se na tehnickom informacijskom sustavu
(TIS), ORACLE bazi podataka elemenata mreze, mrezi
radnih stanica u dispecersko-dezurnim poslovima,
predobradi u ORACLE bazi te zavr$noj tablicno-
grafickoj obradi u EXCEL programu. Svi podaci su
dokumentirani i arhivirani putem mjese¢nih izvjeséa i u
papirnatom obliku.

Kontinuiranim = statistickim pracenjem 1 obradom

osnovnih podataka o prekidima napajanja korisnika

(kupaca) elektriénom energijom

- p — broj prekida napajanja u godini dana,

- N — ukupni broj korisnika (kupaca) distribucijske
mreze na promatranom podrucju

- N, — broj korisnika (kupaca) distribucijske mreze bez
napajanja tijekom i-tog prekida

- t;—trajanje i-tog prekida

u promatranom distribucijskom podrucju je uspostavljena

baza podataka standardnih pokazatelja stalnosti napajanja

i pouzdanosti distribucijske mreze, za razdoblje od 2001.

do 2006. godine, koji su prikazani tabli¢no. Svi

pokazatelji su prikazani u tablicama po godinama, po

strukturi mreze, i to ukupno za planirane prekide i

neplanirane prekide (kvarove).

Tablica 4. SAIFI — ukupni broj prekida
Table 4. SAIFI — all interruptions

AENS)

 distribution according to samples of electric power
supply interruptions (planned/unplanned
interruptions)

+ distribution according to voltage levels of the
distribution network (>110 kV, 35kV, 20 and 10 kV,
0.4 kV)

+ distribution according to operations (areas) being
monitored

Switching equipment and program support of the

monitoring system are based on a technical informational

system (TIS), ORACLE database of network elements,
network of working stations in dispatching jobs,
preprocessing in the ORACLE base and final table-
graphic processing in the EXCEL program. All data is
documented and archived via monthly reports in paper
form.

Continuous statistical monitoring and basic data on

electric power supply interruptions of customers

processing

- p —number of electric power supply interruptions in a
year,

- N — total number of users (customers) of the
distribution network in the observed area

- N; — number of users (customers) of the distribution
network without electric power supply during i
interruption

- t;— duration of 7 interruption

in the observed distribution area, a database of standard

power supply stability indices, and distribution network

reliability are established for the period from 2001 until

2006, which are shown in table form. All indices are

shown in tables per year, network structure, and totally

for planned interruptions and unplanned interruptions

(faults).

It’ed'_li Dio elektroenergetske mreze SAIFI — ukupni broj / SAIFI - total
roj
Ordinal Eaionoyernelrnii 2001. g. 2002. g. 2003. g. 2004. g. 2005. g. 2006. g.
1 2 3 4 5 6 7 8
Elektroenergetska mreza 0,4 kV
1 Powor otk 0.4 KV 0,28 0,2 0,28 0,27 0,27 0,08
Elektroenergetska mreza 10(20) kV
2 Power network 10(20) kV 3 2.2 2,98 3,26 2,67 1,68
Elektroenergetska mreza 35 kV
3 P potork 35 bV 03 1,3 0,53 0,83 0,71 031
Prijenosna mreza (>110 kV)
4 Transmission network (>110 kV) 0,92 L4 0.7 2.8 ! 0,46
UKkupno distr. mreza
& Distribution network total St & P 4t i 240
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Tablica 5. SAIDI — ukupni broj prekida
Table 5. SAIDI — all interruptions

liedl_ﬁ Dio elektroenergetske mreze SAIDI — ukupni broj (min) / SAIDI — total (min)
roj
Ordinal Part of power network 2001. g. 2002. g. 2003. ¢. 2004. g. 2005. g. 2006. g.
1 2 3 4 5 6 7 8
Elektroenergetska mreza 0,4 kV
! Power network 0.4 kV 2 33 40 49 37 !
Elektroenergetska mreza 10(20) kV
2 Power network 10(20) kV 353 213 314 282 229 170
Elektroenergetska mreza 35 kV
3 Power network 35 kV 10 43 29 4 21 21
Prijenosna mreza (>110 kV)
4 Transmission network (>110 kV) 4 18 36 12 38 10
Ukupno distr. mreza
S Distribution network total kb a8 kS kb 28] 202
Tablica 6. ENS — ukupni broj prekida
Table 6. ENS — all interruptions
lt’iil}i Dio elektroenergetske mreze ENS — ukupno (MWh) / ENS — total (MWh)
]
Ordinal Eart of power network 2001. g. 2002. g. 2003. g. 2004. g. 2005. g. 2006. g.
1 2 3 4 5 6 7 8
Elektroenergetska mreza 0,4 kV
1 Power network 0.4 KV 134 157 189 191 209 62
Elektroenergetska mreza 10(20) kV
2 Power network 10(20) kV 1911 986 1395 1369 1020 648
Elektroenergetska mreza 35 kV
3 Power network 35 KV 60 208 116 860 119 61
Prijenosna mreza (>110 kV)
4 Transmission network (>110 kV) 3 82 122 221 150 57
UKupno distr. mreza
5 Distribution network total 2105 1351 1700 2420 1348 771
Tablica 7. AENS — ukupni broj prekida
Table 7. AENS — all interruptions
‘}fr‘:'j“ Dio elektroenergetske mre¥e AENS — ukupno (kWh) / AENS - total (kWh)
Ordinal Part of power network 2001. g. 2002. g. 2003. ¢. 2004. g. 2005. g. 2006. g.
1 2 3 4 5 6 7 8
Elektroenergetska mreza 0,4 kV
! Power network 0.4 kV 0.8 0.87 ! ! L1 0,34
Elektroenergetska mreza 10(20) kV
2 Power network 10(20) kV 11 3,48 77 74 35 3.47
Elektroenergetska mreza 35 kV
3 Power network 35 kV 0,3 1,16 0,64 4,6 0,6 0,33
Prijenosna mreza (>110 kV)
4 Transmission network (>110 kV) 0 0,46 0,67 12 0.8 0,29
Ukupno distr. mreza
S Distribution network total 12,1 7,51 9,34 13 7.2 4,14

4. APROKSIMACIJA SKUPA VRIJEDNOSTI
POKAZATELJA PRAVCEM

Istrazivanje utjecaja i ovisnosti pokazatelja pouzdanosti
radena su statistickim pristupom obrade rezultata
pokazatelja pouzdanosti i ovisnih veli¢ina u proslosti, te
projiciranjem njihovog kretanja u budué¢nosti. Temelj za
takve obrade je linearno nadomjestanje stvarnih rezultata
nadomjesnim pravcem, a za $to je matematicka podloga
prikazana u nastavku.

Potrebno je pronaéi jednadZzbu pravca koja najbolje
opisuje zadani skup od N tocaka. Op¢i oblik jednadzbe
pravca je

y=f(x)=dx+B

4. APROXIMATION OF INDEX VALUES SET
ON THE LINE

Research on the influence and dependency of reliability
indices is conducted via the statistical approach of the
reliability index results processing and dependant values
in the past, as well as via projection of their movements
in the future. The basis for such processing is linear
compensation of real results with a substitute line, and
the mathematical background for it is shown below.

It is necessary to find an equation of a line which
describes the default set of N points in the best way. The
common form of the equation of a line is

(12)
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Mjera odstupanja pravca od zadanih tocaka moze se  The deviation measure of a line from the default points

izraziti kao can be expressed as
N
E:Z(f(xi)_yi)z (13)
i=1
Uvrstavanjem (12) u (13) dobije se By inserting (12) into (13) we get

E= (Ax+B v, ) (14)

Mz

Da bi se pronasao minimum udaljenosti, moraju biti  In order to find the minimum distance, two conditions

ispunjena dva uvjeta: must be fulfilled
9E =0 i 9E =0 (15)
04 0B
Derivacija jednadzbe (14) po prvom parametru je The equation derivation (14) according to the first
parameter is
oE N N 2
= 22w+ By,) =23 (Ax? + By —x,y,) (16)
i=1 i=1
Uvjet (15) za parametar 4 sada postaje: The condition (15) for parameter 4 becomes
N N N N
2Z(Axi2+Bxl-—xiyl-)=O = A7 +BYx, =Y xy; (17)
i=1 i=1 i=1 i=1
Derivacija jednadzbe (14) po drugom parametru je The equation derivation (14) according to the second
parameter is
o X
=2) (4Ax; +B— 18
35 =22 »i) (18)
Uvjet (15) za parametar B se moZe napisati u obliku: The condition (15) for parameter B can be written as
N N N N N N
ZZ(Axi +B—yi)=O = AY x;+).B=Yy, = A).x;+N-B=)y, (19)
i=1 i=1 i=l i=l i=1 i=l
Ako se uvedu oznake If you insert the symbols
N N N N
K, =in , Ky= in» K =Zx,~y,~, Ky =Zy,~ (20)
i=1 i=1 i=l P
jednadzbe (17) i (19) postaju equations (17) and (19) become
K,A+NB=K, (22)
1z jednadzbe (22) se dobije From equation (22) we get
N
Uvrstavanjem (23) u (21) slijedi By insertion of (23) into (21) follows
2
- K,-K,K
K1A+M=K3 = NK,A+K,K,—K;A=NK; = A=N3—224 (24)
NK,-K;

Algoritam za odredivanje jednadzbe nadomjesnog pravca  The algorithm for equation determination of the
skupa podataka od N tocaka je sljedeci: substitute line of data set made of N points is as follows:
1. Zadan je skup od N tocaka (x;, y,), i=1...N 1. Given is the set of N points (x;, y,), i=1...N

2. Odrediti parametre K;, K, K3 1 K, prema (20) 2. Determine the parameters K;, K,, K; and K, according
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W

Izracunati koeficijent A prema (24)
Izracunati koeficijent B prema (23)
Trazeni pravac je odreden jednadzbom (12)

he

OVISNOST POKAZATELJA SAIFI, SAIDI,
ENS I AENS ZA UKUPNI BROJ PREKIDA
O ULAGANJIMA U MREZU

Provedenim istrazivanjima primarno je bio cilj utvrditi
korelacijske ovisnosti pouzdanosti odnosno pokazatelja
pouzdanosti distribucijske mreze i financijskih ulaganja u
razvoj i izgradnju distribucijske mreze. Statistickom
obradom dostupnih podataka za razdoblje 2000.-2006.
godine utvrdeno je kretanje i ovisnost u proslosti,
temeljem kojih se moze matematicki opisati korelacijska
ovisnost.

Ovisnosti pokazatelja pouzdanosti za ukupni broj prekida
(planirani + neplanirani) promatrane distribucijske mreze
o ukupnim ulaganjima u mrezu (investicijska ulaganja
INV + troskovi odrzavanja ODR) prikazane su na
Slikama 2. do 5., na kojima se vidi kvantificirana
ovisnost pokazatelja pouzdanosti o financijskim
ulaganjima u razvoj mreze.

to (20)

Calculate the coefficient 4 according to (24)
Calculate the coefficient B according to (23)

The requested line is determined by equation (12)

>

. DEPENDENCE OF INDICES SAIFI, SAIDI,
ENS AND AENS FOR THE TOTAL
NUMBER OF INTERRUPTIONS ON
INVESTMENTS IN THE NETWORK

Conducted research has had the primary goal of
determining the correlational reliability dependencies, i.e.
the reliability indices of the distribution network and the
financial investments in the development and
construction of the distribution network. Statistical
processing of the available data for the period from 2000-
2006 determined movements and dependencies in the
past, based on which it is possible to mathematically
describe the correlational dependency.

The reliability index dependency for the total number of
interruptions (planed + unplanned) of the observed
distribution network on total investments in the network
(capital investments INV + maintenance expenses ODR)
are shown in Figures 2. to 5., which show the quantity
dependency of reliability indices on financial investments
in network development
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Slika 2. Ovisnost pokazatelja SAIFI o ukupnim ulaganjima
Figure 2. Dependency of SAIFI index on total investments
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Slika 3. Ovisnost pokazatelja SAIDI o ukupnim ulaganjima
Figure 3. Dependency of SAIDI index on total investments
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Slika 4. Ovisnost pokazatelja ENS o ukupnim ulaganjima
Figure 4. Dependency of ENS index on total investments
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Slika 5. Ovisnost pokazatelja AENS o ukupnim ulaganjima

Figure 5. Dependency of AENS index on total investments
6. ZAKLJUCAK

Osnovna zadaca operatora distribucijskog sustava je
planiranje i razvoj mreze, temeljen na ocekivanom rastu
potro$nje elektricne energije i snage, kroz kontinuiranu
izgradnju novih i odrzavanje postojecih elemenata mreze.
Izgradnja i odrzavanje distribucijske mreze treba biti
planirana kriterijima koji jamée trazenu razinu kvalitete
opskrbe elektricnom energijom. Za takvo planiranje
potrebnih financijskih ulaganja u distribucijsku mrezu,
kljucna je ovisnost pokazatelja pouzdanosti o razini i
dinamici financijskih ulaganja. U ovom radu je, temeljem
statisticke obrade podataka jedne realne distribucijske
mreze, utvrdena korelacijska ovisnost pokazatelja
pouzdanosti i ukupnih financijskih ulaganja, prikazana u
Tablici 7.

2004 2005 2006

=4~ Ukupni AENS
= =1 Ukupni AENS - linearno

6. CONCLUSION

The main task of the distribution system operator is the
planning and development of the network, based on the
expected growth of electric power and energy
consumption, through the continuous construction of new
network elements and the maintenance of the existing
network elements. Construction and maintenance of the
distribution network has to be planned according to
criteria which guarantee the quality of the electric power
supply level. For such planning of required financial
investments in the distribution network, of crucial
importance is the reliability index dependency on the
level and dynamics of financial investments. This paper
has defined the correlational dependency of the reliability
index and the total financial investments, shown in Table
7., based on the processing of statistical data from a real
distribution network.

Tablica 7. Korelacijska ovisnost pokazatelja pouzdanosti i ukupnih financijskih ulaganja
Table 7. Correlational dependency of reliability indices and total financial investments

Ukupna financijska ulaganja
Total financial investments

Pokazatelj pouzdanosti
Reliability index

UFI=12,737-t+ 75,011

SAIFI =-0,204-t + 4,238

SAIDI = -0,438-¢ + 6,896

ENS =-170,257-t +2211,733

AENS =-1,059-¢+ 12,589
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Utvrdena ovisnost definira kvantificirano poboljSanje
pokazatelja pouzdanosti sa ukupnim financijskim
ulaganjima u mrezu, i omogucéuje planiranje dinamike i

razine wulaganja za postizanje odredene razine
pouzdanosti mreze.

7. POPIS OZNAKA

srednja frekvencija kvara fs
srednje vrijeme trajanja kvara ry
neraspoloZivost mreze N
frekvencija prekida napajanja c¢vora fi
broj potrosaca u ¢voru n;
godisnje vrijeme trajanja prekida ¢vora N;
prosjecno opterecenje ¢vora L;
mjera odstupanja pravca od zadanih tocaka E
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