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Pogtovani litatel i, Dear readers,

nakon gwidg g nreferme elektro- after years of power sector reform, including
energetskog sektora koja podrazumijeva i sve larger scale integration of renewable energy
velu integraciju obnovl jsowcesh windz power aplane megratidnj ie
razina izgradnje vjetroelektrana u Hrvatskoj Croatia reached the level that affects power
dosegnula jevri j ednost. i koj e zsystemagperation usigpifiedntly. Accordingly,
na pogon elektroenergetskog sustava u cjelini. there is a need to inform professionals and
Stoga se pojavila potr ebagenadah psbéc about uchamnaateristics g and
javnost detaljnije i z v j e @ kamkteastikama specifics of wind power plant generation as
ispecifilnostima proitevodwdleas sbpwr refevnst | Ceoltirr eparational
o pripadnim pogonskim iskustvima u Hrvatskoj. experiences.

Sukladno cilievima  energetske  politike In line with Croatian and EU energy policy
Hrvatske i EU u narednom razdoblju o | e k uj e targets it is expected to have increasing role of
sejognal ajnija ul ogau vj ewindpaverelantsrinaCroatian power system in
elektroenergetskom sustavu Hrvatske. Njihova the future. Its adequate and correct integration,
pravilna integracija u elektroenergetski sustav along with keeping stabile and safe system
uz i stodobno o]l uvanj e s iogetation and security of supdlyi i$ one ¢f the
pogona te sigurnosti opskrbe svakako largest challenges for Croatian Transmission
predstavlja jedan od n aj v ezazoua pred System Operator and for energy sector in
Hrvatskim operatorom prijenosnog sustava, ali general.

i energetskim sektorom u cjelini.

Objavljivanjem ovi h | z Withetbesea Reports Hrpatiam t Tsaksimission
operator prijenosnog sustava d.0.0. nastavlja s System Operator Ltd. continues to inform
informiranjem javnosti o odnosima i kretanjima general  public about relations and
u hrvatskom elektroenergetskom sustavu. Ove developments in Croatian power system. We
| z v jesgmiatano posebno bitnim obzirom believe that these Reports are of special
na oMamuks ve znwilvdgsiggci fi | importance taking into account expected
ulogu vijetroelektrana u elektroenergetskom growing and very specific role of wind power
sustavu, ali i obzirom na | i nj edaise u plants, as well as having in mind that wind
proizvodnja  vjetroelektrana u  Hrvatskoj power plant generation in Croatia is subsidized
subvencionira javnim novcem, pa objavljivanje through the public funding. So, the Reports are
ovih podataka svakako spada i u domenu certainly in the domain of public interest.

javnog interesa.

Ov aj | z vj swdjit &j poglavlja na The Report consists of 5 Chapters in which
sistematil an i konzi st entmare thamad0 i differedtotechnical datai ane
od 50 razlilitih tehni] kiiftdicaposd ar¢ agiwven in gpystdmatic adne
te predstavlja temeljnu Iconsigtenta wayr Ut r@esentg etheb basic
rasprave i analize na temu integracije literature for future debates and analyses
vjetroelektrana u elektroenergetski sustav about wind power plant integration in Croatian
Hrvatske. power system-

Zagreb,vel jale 2016. Zagreb, February 2016
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Mi rosl av Mesil

predsjedni k Uprave drugtva
President of the Management Board
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U prikazu osnovnih parametara vjetroelektrane In basic parameters overview wind power
dijelimo u dvije grupe: plants are divided in two groups:
1) vjetroelektrane u redovnom 1) wind power plants in normal
pogonu operation
i 2) wind power plants in testing
2) vjetroelektrane u pokusnom radu. operation or under construction.
U 2015. godini je u Hrvatskoj u redovnom In 2015 in Croatia there were 14 wind power
pogonu bilo 14 vjetroelektrana, s ukupno plants with total installed capacity of 348.95
instaliranom snagom od 34895 MW i MW and total approved connection capacity of

odobrenom snagomznpsuiod | j u B42.h5MYV (Table i).
342,15 MW (tablica 1).

The largest number of wind power plants are
Naj vige vietroelektrana | aagteggd e nionkninska bGoumty k 8),
|l okacijama -wni@iskkerjs k¢u p a gadqrska Cdunty, (5) and Split-Dalmatia
Zadar skoj g u p a n-dglmatinskd ) i CoBtp@)i t sko
gupanislikal).( 3)

The largest number of wind power plants (10)
Najveli broj vjetroel ekt areeoanecied to 110 g\ violtagejleydl, aviile
na 110 kV prijenos nu mr e gu, dok the resh sue aconpgected to the mid-voltage
prikljulene na srednj en adisribusido oetwark (85 30 and U0KY)j s k u
mr e g u 3Q(i 30XKY).

There were 2 wind power plants in testing
U probnom pogonu / izgradnj2 b iopeeatios 1 constjuetign, with total installed
vjetroelektrane, ukupne instalirane snage od capacity of 79.2 MW and total approved
792MW, a ukupno odobr ene ponieiidnjcapacityof 78 hNNg(Eable 2).
78,2 MW (tablica 2).

e oK ,\: Nafavkas A @ Brutka
- o . B sy posvar 2ekszard Lis @ Crno Brdo
4o’ e “.\ . © Jelinak
~ POCH Décs =3 »Subotica @ Ogorje
R ) b L Y ; ;Mohacs ] © Orlice
Goriz );! N (.1;'1!~ Zagreb | Virguitica g @ Pag
A : R v - ’ - © Pometeno Brdo
= e Ctomel , Daruvar Ouid Urbsas o @ Ponikve
e s _Sisak el ;1\ ey, @ Rudine
Rijek N = . Poiega o Vukov O Trtar Krtolin
/\‘: sansh . ¥ ":c:‘ " Novit @ velika Glava
5 g i D 72 S @ Velika Popina
JCres (& \ “Megifedor : Jervent ¥ - - .'. Sremskal @ vottane
: \ : © Vratarusa
) Zadar4
. Maglaj uzla - = o Zelengrad

Sarg)e

© 2010 NAVTEQ, © 2016 Microsoft Corporation A\ e

Slika 1 Lokacije VE u Hrvatskoj

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

Prim-Goran/Pag 5,95 5,95 10 2005
~AOYAYyK~ADO 11,2 11,2 30 2007
~AYOY A Y K~AO 9,6 9,6 30 2009
Prim-Goran/Senj 42 42 110 2010
%l RFNBR]F kI 9,2 9,2 35 2011
. . 2010/ 2011/
Split-Dalm/Split 20 20 110 2012 / 2015
~AOYAYyK~AO 10,5 10 10 2011
Zadarska/Benkovac, 368 36 110 2011
Obrovac
Dub-Neret/Ston 36,8 34 110 2012
~ AKmin/Marina, Seget 30 30 110 2013
Split-Dalm/Trilj 42 40 110 2013
Zadarska/Benkovac 9,2 9,2 10 2013
~AYOY A Y K 5 NI A |
' ySOA D 43,7 43 110 2014
Zadarska/Obrovac 42 42 110 2014
UKUPNO
TOTAL 348,95 342,15
Tablica 2 Osnovni parametri vjetroelektrana u pokusnom radu
Pokusni rad /
Splitb I £ YK a dz 45 44 110 Testing
operation
P _ Pokusni rad /
Ul S 1 (S ey 34,2 34,2 110 Testig
primorje )
operation
UKUPNO
TOTAL 79,2 78,2
Godii GwjjieGt aj o proizvodnji vjetroelektrana u Hrvatskoj
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Posebnost integracije VE u Hrvatskoj je WHPP integration in Croatia is specific for its low
njihova mala geografska meogragphiocpledispersion. Thellargest elistance
udal jenost i zmelu dviiju \b&weenztwod\PPs ivabaut 3G00km, wWkilm 13
dok je 13 od ukupno 16 VE sa 75% ukupno out of 16 WPPs with 75% of total WPP
instalirane snage VE s mj egt ano na piostlled ¢apacity is located on the area with
slilnog vjetrokli matskog simdaywindaclinate 1100 x 707k;m2),k Aahg

gto uz izragdgenu pr omi j e n piihvsigsificantb windi var@bilily, its stjongly
vietraznal ajno utjel e na pr oafigcts nyPP vootput vasiability ase well as
proizvodnje VE, a samim t i me i na v edhteolling power system in general.
elektroenergetskog sustava u cjelini.

The first wind power plant in Croatia was put in

Prva vjetroelektrana u Hrvatskoj pu gt e na j @ormal operation in 2005 (WPP Ravna 1, with
redovni pogon 2005. godine (VE Ravna 1, installed capacity of 5.95 MW). In the following
instalirane snage 5,9 5 MW) . dekdlikb u | i hyears WPP integration was slow and till the
godina izgradnja VE tekla je usporeno, pa su end of 2009 two new wind power plants were
do kraja 2009. godine i zgr al en econstructed and guhirenoronal operation. Total
pogon jog dvi j eodwkupnbr o e linstdlad capacigy of all wind power plants then
26,8 MW instalirane snage svih VE. U was 26.8 MW. In the period 2010-2015 in
razdoblju 2010. 7 2015. godine u redovni average 71,9 MW of new WPP installed
pogon ulazilo pr osj el,l9nMW gddi g nj eapacity was annually put in normal operation
novih instaliranih kapaciteta vjetroelektrana (Figure 2).
(slika 2).

Instalirana snaga VE u godini M Instalirana snaga VE na kraju godine

Total installed WPP capacity Total installed WPP capacity at the end of the year

428,2
0 346,4

MW

o

400
350 260,8
300
250 179,5
00 131,2
150 69,8
85, 81
100 17,2 17,2 268 81, ;
5] 5] 13 61, 48,
0 6 o 112 g 96 I
0 - - || || .

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Godina
Year

Slika 2 Vremenska dinamika izgradnje VE u Hrvatskoj

Figure 2 Time horizon of wind power plant construction in Croatia
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U ovom poglaviju prikazani su podaci o
ostvarenoj proizvodnji svih VE u Hrvatskoj.
Ukupna proizvodnja svih VE u Hrvatskoj u
2015. godini bila je 787,93 GWh. Na slici 3
prikazana je ukupna satna proizvodnja svih VE
u zadnjih 12 mj eseci Pri t
ostvarena satna proizvodnja iznosila 324,1
MWh i ostvarena je 30.12.2015 godine u 18 h,
a najmanja 0 MWh ostvarena 19.1.2015
godine u 19 h. Satn a
MWh ostvarena je tijekom 29 sati.

Budul i da
tjekom godine kr i vul j a
snagesvihVEi zr agena | e
na instaliranu snagu VE (e n g | Aper)
a za promatrano razdoblje prikazana je na slici
4,

mm Satna proizvodnja VE
Hourly WPP generation

350

300

250

200

MWh

150

100

50

proizvodnja v

Wind power plant total output in Croatia is
presented in this Chapter. Total WPP
generation in Croatia in 2015 was 787.93
GWh. Figure 3 shows hourly wind power plant
generation in the last 12 months. Maximum
hqury outpatj wa® B24.1 MWh and it was
realized on 30.12.2015 at 18 h, while minimum
output was 0 MWh on 19.1.2015 at 19 h.
Hourly production higher than 300 MWh
eclreed im29 ho8re. 0

om

Having in mind that total wind plants capacity

s eshaganVi tmgienjala a n awas changing during the year, duration curve
t r aj anj aof ermyagedacapacityaniatt wind power plants is
s peci fexdressed in p.@ dperousituof installed WPP

u n icapdcity) in givengimeframe on the Figure 4.

== Prosjecna proizvodnja
Average generation

10 11 12
2015

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

Slika 3 Satna proizvodnja svih vjetroelektrana

Figure 3 Hourly generation of all wind power plants
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=== Krivulja trajanja angaZirane snage VE Kumulativna proizvodnja VE
WPP generation duration curve Cummulative WPP generation
(p.u.) (%)

1 120
0,9

100
0,8
0,7

80
0,6

205 60 =

0,4

40
0,3
0,2

20
01

0 0
0 1000 2000 3000 4000 5000 6000 7000 8000
Sat
Hour
Slika4Kri vulja trajanja angagirane snagwe jsedihniVIEnium pvroimad d rams

Figure 4 Duration curve of engaged capacity of all wind power plants in given timeframe in per unit

Jedna od osnovnih karakteristika proizvodnje One of the basic characteristic of wind power
VE je promjenjivost. Na slici 5 prikazana je plant generation is its intermittency. Figure 5
standardna devijacija ukupne satne shows standard deviation of total wind power
proizvodnje svih VE koja se u posljednjih 12 plant hourly output. In the last 12 months it was
mj eseci kr el ®109ui 0r220spp.o n u inthe range 0.109 i 0.239 p.u., where p.u. (per
gdje p.u. (per unit - j edinil na vV r iupity defers std }he share in total installed
0 z n a | wdiv @ ukupno instaliranoj snazi svih capacity of all wind power plants. Average
VE. Prosjelna st ancaiglondna gtamdard jdavation & given timeframe was
prikazanom razdoblju iznosila je 0,192 p.u. 0.192 p.u.

Premda su sve VE u Hr vatBvénahougls alijwied) gowen plants ia Croatia
relativno mal om pr ost or uare loqgatedsdn oejatevely snmakh drem j thewe are

razlike u promjenjivosti satne proizvodnje significant differences among individual wind
pojedinih VE. Na slici 5 su pored standardne power plants' generation variations. Beside
devijacije satne proizvodnje svih VE prikazane standard deviation of all wind power plants
i standardne devijacije satne proizvodnje output, Figure 5 shows standard deviation of
pojedinal nih V E S n aj virividuah ,wind potver opkamtso with maximum
najmanjom varijacijom proizvodnje u tom and minimum generation variations in each
mjesecu (ne u cijeloj godini). Iz slike se jasno month. The figure indicates the cumulative
vidi kumulativni efe k t ubl agamihanj affect of reducing hourly generation variations
varijacija proi zvodnj e (in puk iwihgthe indrense joa wind farms
vietroel et krana standaddoa i nu\nber, pirce standard deviation of individual
devijacija pojedinal ne win& power plamta \ith etHe olangest output
varijacijom proizvodnje u tom mjesecu variation in each month is significantly larger
znal ajno vel a od st a n d thandstardard ddeviation afc all jwend power
proizvodnje svih VE. plants' output.

Godii GwjjieGt aj o proizvodnji vjetroelektrana u Hrvatskoj
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Standardna devijacija satne proizvodnje svih VE
Standard deviation of hourly WPP generation

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

=== St.dev. pojedinacne VE s najve¢om varijacijom proizvodnje
Standard deviation of hourly generation of individual WPP with the highe st output variation

04
0,35
0,3
0,25
3 02
o
0,15
0,1
0,05
0
1 2 3 4 S [} 7 8 9 10 11 12
2015
Mijesec/ Godina
Month / Year
Slika 5 Standardna devijacija satne proizvodnje vjetroelektranau j edini Il nim vrijednosti:H

Figure 5 Standard deviation of hourly generation of all wind power plants in per unit

Pored podataka o0 satnoj proizvodnji VE In addition to hourly output, data on daily wind

analiziraju se i podaci o dnevnoj proizvodniji
VE. Na slici 6 prikazana je ukupna dnevna
proizvodnja svih VE i u posljednjih 12 mjeseci

power plants output are analysed. Figure 6
shows total daily wind power plant generation
in the last 12 months within the range of 0.03

krel e s e u0,0¥ @Wlp (@stvareno
3.12.2015 godine) i 6,77 GWh (ostvareno
14.10.2015 godine). Pr os jdadvmaa
proizvodnja svih VE u cijelom prikazanom
razdoblju iznosila je 2,16 GWh.

GWh (3.12.2015) i 6.77 GWh (14.10.2015).
Average daily generation in given timeframe
was 2.16 GWh.

Slika 6 Dnevna proizvodnja svih vjetroelektrana

Figure 6 Daily generation of all wind power plants
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