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U prikazu osnovnih parametara vjetroelektrane
dijelimo u dvije grupe:
1) vjetroelektrane u redovhom
pogonu
i
2) vjetroelektrane u pokusnom radu.

U listopadu 2019. godine je u Hrvatskoj u
redovnom pogonu bilo je 19 vjetroelektrana, s
ukupno instaliranom snagom od 576 MW i
odobrenom snagom priklju¢enja u iznosu od
576,25 MW (tablica 1).

U probnom pogonu / izgradnji bile su jo§ 3
vjetroelektrane, ukupne instalirane snage od
40,25 MW, a ukupno odobrene priklju¢ne
snage 162,25 MW (tablica 2).

NajviSe vjetroelektrana smjeSteno je na
lokacijama u Sibensko-kninskoj Zupaniji (7),
Zadarskoj zupaniji (6) i Splitsko-dalmatinskoj
zupaniji (6) (slika 1).

Najveci broj vjetroelektrana (15) prikljuen je
na prijenosnu mrezu (110 i 220 kV), dok su
ostale  priklju¢ene na  srednjenaponsku
distribucijsku mrezu (35, 30 i 10 kV).

In basic parameters overview wind power
plants are divided in two groups:

1) wind power plants in normal
operation

2) wind power plants in testing
operation or under construction.

In October 2019 in Croatia there were 20 wind
power plants with total installed capacity of 576
MW and total approved connection capacity of
576.25 MW (Table 1).

There were 3 wind power plants in testing
operation / construction, with total installed
capacity of 40.25 MW and total approved
connection capacity of 162.25 MW (Table 2).

The largest number of wind power plants are
located in Sibensko-kninska County (7),
Zadarska County (6) and Split-Dalmatia
County (6).

The largest number of wind power plants (15)
are connected to transmisson grid (110 i 220
kV), while the rest are connected to the mid-
voltage distribution grid (35, 30 and 10 kV).

VE
(® Bruzka
" Crno Brdo
S = (® Glunca
" Jasenice
Jelinak
c Katuni
Tt (® Kom-Orjak-Greda
g - 7). ‘ Kr§ Padene
23 ; (® Lukovac
(® ogorje
Orlice
(™ Pometeno Brdo
o Ponikve
5 (® Ravne
Rudine
< (B Trtar Krtolin
! (® Velika Glava
(® Velika Popina
‘ Vostane
\ ‘ (® vratarusa
o (® zadar4
. ‘1 , (® Zelengrad

Slika 1 Lokacije VE u Hrvatskoj

Figure 1 WPP locations in Croatia
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Tablica 1 Osnovni parametri vjetroelektrana u redovnom pogonu

Zadarska/Pag 5,95 5,95 10 2005
Sib-Knin/Sibenik 11,2 11,2 30 2007
Sib-Knin/Sibenik 9,6 9,6 30 2009
Prim-Goran/Senj 42 42 110 2010

Zadarska/Graéac 53,4 54,2 110 2011 / 2017

2010 / 2011

Split-Dalm/Split 20 20 110 /2012 /
2015
Sib-Knin/Sibenik 10,5 10 10 2011
Zadarska/Benkovac, 36,8 36 110 2011
Obrovac
Dub-Neret/Ston 36,8 34 110 2012
Sib-Knin/Marina, Seget 30 30 110 2013
Split-Dalm/Trilj 42 40 110 2013
Zadarska/Benkovac 9,2 9,2 10 2013
Slb-Knln/Drnvl's: Sibenik, 437 43 110 2014
Unesic
Zadarska/Obrovac 42 42 110 2014
Split-Dalm/Mué 45 44 110 2015
Dub-Nere.t/Du.brovacko 342 342 110 2015
primorje
Sib-Knin/Sibenik 20,7 23 110 2016
Split-Dalm/Sestanovac 34,2 39,9 110 2016
Zadarska/Gracac 44,2 45 110 2017
Split-Dalm/Cista Provo 48,75 48 110 2018
UKUPNO
TOTAL 576 576,25

& HOPS



Mijesechni izvjesta] o proizvodniji vjetroelektrana u Hrvatskoj
Monthly report on wind power plant generation in Croatia 8/18

Tablica 2 Osnovni parametri vjetroelektrana u pokusnom radu

Table 2 Basic parameters overview of wind power plants in testing operation

Ukupna

instalirana Ukupno odobrena Napon
Naziv VE Lokacija (Zupanija/op¢ina) snaga snaga (;:\;I|\I;VIJ)ucenja pr'kI(J;\j;nja Trenutni
(MW) status
Location :
RS (county/municip.) Total installed o approved. SORRSEION Current status
T connected capacity voltage
(MW) (MW) (kv)
Pokusni rad
Kom-Orjak- Split-Dal/Blato na .
- d; P Ce{ini 10,25 10,25 35 / Testing
operation
Pokusni rad
Jasenice Zadarska/Jasenice 10 10 35 / Testing
operation
Pokusni rad
Kr$ Padene Sib-Knin/Ervenik 20 142 220 / Testing
operation
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U ovom poglaviju prikazani su podaci o
ostvarenoj proizvodnji svih VE u Hrvatskoj.
Ukupna mijese€na proizvodnja svih VE u
listopadu 2019. godine iznosila je 63844,09
MWh. Na slici 2 prikazana je ukupna satna
proizvodnja svih VE u ovom mjesecu. Pri tom
je najvecéa ostvarena satna proizvodnja iznosila
429,68 MWh i ostvarena je 7.10.2019 godine u
19 h, a najmanja 0 MWh ostvarena 27.10.2019
godine u 4 h. Satna proizvodnja ve¢a od 300
MWh ostvarena je tijekom 50 sati u listopadu
2019. godine. Prosje¢na satna proizvodnja
svih VE iznosila je 85,93 MWh.

Krivulja trajanja angazirane snage svih VE
izrazena je specificno u odnosu na instaliranu
snagu VE (engl. ,per unit® ili p.u.), a za listopad
2019. godine prikazana je na slici 3 zajedno s
krivuljom kumulativhe proizvodnije.

Faktor iskoriStenja snage svih VE u ovom
mjesecu iznosio je 14,04%.

mmm Satna proizvodnja VE
Hourly WPP generation
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Wind power plant total output in Croatia is
presented in this Chapter. Total wind power
plant generation in October 2019 was
63844.09 MWh. Figure 2 shows hourly wind
power plant generation in this months.
Maximum hourly output was 429.68 MWh and
it was realized on 7.10.2019 at 19 h, while
minimum output was 0 MWh on 27.10.2019 at
4 h. Hourly production higher than 300 MWh
occurred in 50 hours in October  2019.
Average hourly wind power plant generation
was 85.93 MWh.

Duration curve of engaged capacity of all wind
power plants is expressed in p.u. (per unit of
installed WPP capacity) in October 2019 on
the Figure 3, along with cumulative generation
curve.

Capacity factor of all wind power plants in this
month was 14.04%.

Prosje¢na proizvodnja
Average generation

-

12 3 4 5 6 7 & 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

10
2019

Sat/ Dan / Mjesec/ Godina
Hour / Day / Month / Year

Slika 2 Satha proizvodnja svih vjetroelektrana u listopadu 2019. godine

Figure 2 Hourly generation of all wind power plants in October 2019
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Slika 3 Krivulja trajanja angazirane snage svih VE i kumulativna proizvodnja VE u listopadu 2019. godine
u jediniénim vrijednostima

Figure 3 Duration curve of engaged capacity of all wind power plants and cumulative generation in
October 2019 in per unit

Jedna od osnovnih karakteristika proizvodnje
VE je promjenjivost. Na slici 4 prikazana je
standardna devijacija ukupne satne
proizvodnje svih VE na dnevnoj razini i u ovom
mjesecu kretala se u rasponu 0,002 — 0,285
p.u., gdje p.u. (per unit - jediniCna vrijednost)
podrazumijeva udio u ukupno instaliranoj snazi
svih VE. ProsjeCna standardna devijacija u
ovom mjesecu iznosila je 0,083 p.u.

Premda su sve VE u Hrvatskoj smjeStene na
relativno malom prostoru, postoje znacajne
razlike u promjenjivosti satne proizvodnje
pojedinih VE. Na slici 4 su pored standardne
devijacije satne proizvodnje svih VE prikazane
i standardne devijacije satne proizvodnje
pojedinaénih VE s najveCom, odnosno
najmanjom varijacijom proizvodnje u ovom
mjesecu. OCito je standardna devijacija
pojedinatne VE s najveéom varijacijom
proizvodnje znalajno veca od standardne
devijacije proizvodnje svih VE.

One of the basic characteristic of wind power
plant generation is its intermittency. Figure 4
shows standard deviation of total wind power
plant hourly output on daily basis. In this month
it was in the range 0.002 — 0.285 p.u., where
p.u. (per unit) refers to the share in total
installed capacity of all wind power plants.
Average standard deviation was 0.083 p.u.

Even though all wind power plants in Croatia
are located on relatively small area, there are
significant differences among individual wind
power plants' generation variations. Beside
standard deviation of all wind power plants
output, Figure 4 shows standard deviation of
individual wind power plants with maximum
and minimum generation variations. Clearly,
standard deviation of individual wind power
plant with the largest output variation is
significantly larger than standard deviation of
all wind power plants' output.
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e Standardna devijacija satne proizvodnje svih VE
Standard deviation of hourly WPP generation

St.dev. pojedinaéne VE s najmanjom varijacijom proizvodnje
Standard deviation of hourly generation of individual WPP with the lowest output variation

e St dev. pojedinacne VE s najvecom varijacijom proizvodnje
Standard deviation of hourly generation of individual WPP with the highest output variation
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Slika 4 Standardna devijacija satne proizvodnje vjetroelektrana u jediniénim vrijednostima

Figure 4 Standard deviation of hourly generation of all wind power plants in per unit

Pored podataka o satnoj proizvodnji VE In addition to hourly output, data on daily wind

analiziraju se i podaci o dnevnoj proizvodniji
VE. Na slici 5 prikazana je ukupna dnevna
proizvodnja svih VE i u ovom mjesecu krece se
u rasponu 0,03 GWh (ostvareno 27.10.2019
godine) — 7,75 GWh (ostvareno 3.10.2019

power plants output are analyzed. Figure 5
shows total daily wind power plant generation
in this moth within the range of 0.03 GWh
(27.10.2019) - 7.75 GWh (3.10.2019).
Average daily generation was 2.06 GWh.

godine). ProsjeCna dnevna proizvodnja svih
VE iznosila je 2,06 GWh.

s Dnevna proizvodnja VE
Daily WPP generation

Prosjecna proizvodnja
Average generation
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Slika 5 Dnevna proizvodnja svih vjetroelektrana u listopadu 2019. godine

Figure 5 Daily generation of all wind power plants in October 2019
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Podaci o dnevnoj proizvodniji svih VE prikazani

su krivuljom trajanja i na slici 6.

mmm Dnevna proizvodnja VE
Daily WPP generation

GWh

Daily generation of all wind power plants are
shown on the following Figure 6 with duration
curve.

Prosje¢na proizvodnja
Average generation

012 3 4567 8 91011121314151617 18 192021 22 2324252627 2829 30

Dan
Day

Slika 6 Krivulja trajanja dnevne proizvodnje vjetroelektrana u listopadu 2019. godine

Figure 6 Average daily WPP generation duration curve in October 2019

U posljednje vrijeme VE imaju sve vecéu ulogu
u pokrivanju opterecenja elektroenergetskog
sustava Hrvatske. Na slici 7 prikazana je
usporedba satnog dijagrama optereéenja
sustava i proizvodnje VE, a na slici 8 prikazan
je udio proizvodnje VE u pokrivanju satnog
optereéenja sustava. U ovom mjesecu taj udio
kreée se u rasponu od 0% do najvise 31,7%
(ostvareno na 8.10.2019 u 2 h), a bio je veci od
15% tijekom 66 sati.

Wind power plants are having an increasing
role in covering power system demand in
Croatia. Figure 7 shows comparison between
hourly demand diagram and wind power
generation. Figure 8 shows share of wind
power plant generation in covering hourly
power system demand. In this month this
share was ranging from 0% to 31.7%
(8.10.2019 at 2 h), while it was larger than 15%
in 66 hours.
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Slika 7 Usporedba satnog dijagrama opterecenja sustava i proizvodnje vjetroelektrana u listopadu 2019.
godine

Figure 7 Comparison between hourly system demand and WPP generation in October 2019
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Slika 8 Udio proizvodnje vjetroelektrana u pokrivanju sathnog optere¢enja elektroenergetskog sustava u

listopadu 2019. godine

Figure 8 WPP generation share in covering power system demand in October 2019
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3.

PROMJENJIVOST PROIZVODNJE
VJETROELEKTRANA
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Za vodenje elektroenergetskog sustava od
posebnog je interesa promjenjivost proizvodnje
VE. Na slici 9 prikazana je maksimalna
pozitivna i maksimalna negativha promjena
satne proizvodnje VE u ovom mjesecu. Drugim
rijeCima, prikazana je razlka ostvarene
prosjeCne proizvodnje VE u dva uzastopna
sata. Najveéa pozitivha satna promjena
proizvodnje VE iznosila je 79,4 MW, ostvarena
na 6.10.2019 godine, dok je najve¢a negativna
satna promjena proizvodnje VE iznosila -99,8
MW, ostvarena na 2.10.2019 godine.
Prosje¢na pozitivha satna promjena
proizvodnje u ovom mjesecu iznosila je 30,15
MW, a prosje€na negativna -28,01 MW.

=== Najveca pozitivna promjena proizvodnje

Max positive WPP hourly output variation
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For power system control wind power plant
output variation is of utmost interest. Maximum
positive and maximum negative wind power
plant hourly output variations are given on the

Figure 9. In other words, the difference
between in hourly WPP output in two
consecutive hours is shown. The largest

positive hourly WPP output variation was 79.4
MW, realized on 6.10.2019. The largest
negative hourly WPP output variation was -
99.8 MW, realized on 2.10.2019. Average
positive hourly WPP output variation in this
month was 30.15 MW, while average negative
hourly WPP output variation was -28.01 MW.

Najve¢a negativna promjena proizvodnje
Max negative WPP hourly output variation
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Slika 9 Maksimalna pozitivha i maksimalna negativna promjena satne proizvodnje VE u listopadu 2019.

godine

Figure 9 Maximum positive and maximum negative wind power plant hourly output variation in October

Najvec¢i broj satnih promjena proizvodnje VE
dogada se u rasponu od -30 MW/h do +30
MW/h, 665 sati ili 89,5% vremena ovog
mjeseca, kako je prikazano slikom 10.
Apsolutna vrijednost promjene proizvodnje VE
iznad 50 MWh/h (dakle i pozitivne i negativne
promjene) pojavile su se u 28 sati, odnosno
3,77% vremena u ovom mjesecu.

2019

The largest amount of WPP hourly output
variation was in the range -30 MWh/h to +30
MWh/h, 665 hours, or 89.5% of this month, as
shown on the Figure 10. Absolute value of
WPP hourly output variations above 50 MWh/h
(including both  positive and negative
variations) happened in 28 hours or 3.77% of
this month.
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Slika 10 StatistiCka raspodjela satnih promjena proizvodnje VE u listopadu 2019. godine

Figure 10 Statistical distribution of WPP hourly output variations in October 2019
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