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Pogtovani litatel i, Dear readers,

nakon gwidg € nreferme elektro- after years of power sector reform, including
energetskog sektora koja podrazumijeva i sve larger scale integration of renewable energy
velu integraciiju obnovl jsowcesh windz power aplane megdragidnj ie
razina izgradnje vjetroelektrana u Hrvatskoj Croatia reached the level that affects power
dosegnulajevri j ednosti koj e zgystemagperation usigpifedntly. Accordingly,
na pogon elektroenergetskog sustava u cjelini. there is a need to inform professionals and
Stoga se pojavila potrebadas e st r ul na denemli public about characteristics and
javnost detaljnije i z v j e @ kamktedstikama specifics of wind power plant generation as
ispecifilnostima proitevodwdleas sbout refevant | Ceoktirr @parational
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 u j e targets it is expected to have increasing role of
se jognal ajnij a ul oga iwj et wmepowekgantsiim@oatian 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 ol uvanj e s iogetation ang security of supdlyi i$ on® ¢f the
pogona te sigurnosti opskrbe svakako largest challenges for Croatian Transmission
predstavlja jedan od n aj v dzZazoda pred System Operator and for energy sector in
Hrvatskim operatorom prijenosnog sustava, ali general.

i energetskim sektorom u cjelini.

Objavljivanjem ovih | z withetbesea Reports Hrpatiam t Tsaksimission
operator prijenosnog sustava d.d. nastavlja s System Operator Plc. continues to inform
informiranjem javnosti 0 odnosima i kretanjima general public about relations and
u hrvatskom elektroenergetskom sustavu. Ove developments in Croatian power system. We
Izvj e ¢etsmatramo posebno bitnim obzirom believe that these Reports are of special
na oiMamuks ve znuwilvdgsiggci f i | importance taking into account expected
ulogu vijetroelektrana u elektroenergetskom growing and very specific role of wind power
sustavu, ali i obzirom na | i nj edaiseu 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 swgat &ij poglavlja na The Report consists of 3 Chapters in which
sistematil an i konzi st e diffeem technicdl idata addo indicators are
razé i |tieth rpodhtkeei pokazatelje, te given in systematic and consistent way. It
predstavlja temeljnu | it epreséntsrthe Basic Hteragure bford futiire
rasprave i analize na temu integracije debates and analyses about wind power plant
vjetroelektrana u elektroenergetski sustav integration in Croatian power system-
Hrvatske.

Zagreb, January 2023

Zagreb,s i j e| an|j 2023.
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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 2022. godini je u Hrvatskoj u redovnom In 2022 in Croatia there were 25 wind power
pogonu bilo 25 vjetroelektrana, s ukupno plants with total installed capacity of 834.15
instaliranom snagom od 834,15 MW i MW and total approved connection capacity of

odobrenom snagom pri kIl j uB2485MaV (Tablel)znosu od
824,85 MW (tablica 1).
There was one more wind power plant in

U probnom pogonu / izgradnji bila je j ojédna testing operation / construction, with total
vjetroelektrana, ukupne instalirane snage od installed capacity of 156 MW and total
156 MW, a ukupno odobr ene ppproded jcamiectien capacty ef 156 MW
156 MW (tablica 2). (Table 2).

Naj vi ge vietregl ekdr ajna The dawpest number of wind power plants are

lokacijama u  Gi b &msd knes k 0 j gupatodajeid (i9n) , Gknmskan sCoumty (9),
Zadar skoj ¢ Splitakon-dajmiatinskoj7 ) , Zadarska County (7), Split-Dalmatia County

gupan),j Dupbeowvalehkowanskoj @updDuibjriNvealekovwanska (2)

(2) i-s arnjl koo j gupani ji ( Benjtka @ounfy (LK G is tesi operation).
radu) (slika 1).

The largest number of wind power plants
Naj vel.i broj vij et r ocseome k t r(E6Hlain (tekt6operatiam) greo konnected to
radu) prenkdnawplri j enos n220 mr etgaosmission network (220 kV and 110 kV),
kV i 110 kV), dok s u ostale p whilektHe yest re coenectadato the mid-voltage
srednjenaponsku di35,t30ii b u cdistiibstiorunetworkg3%,180 and 10 kV).
10 kV).
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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
~AOYAYK~ADO 11,2 11,2 30 2007
~AOYAYyK~ADO 9,6 9,6 30 2009
[ ASénj/Sen;j 42 42 110 2010
Yl RFENBE] I kI 534 54 110 2011/ 2017
. . 2010/ 2011/
Split-Dalm/Split 20 20 110 2012 / 2015
~AOYAYyK~ADO 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
~ A0y A Y K5 NI A
' VS OA G 43,7 43 110 2014
Zadarska/Obrovac 42 42 110 2014
Splits I £ Yk a dz 42 44 110 2015
D9 S NEs 1 i€ 5 3 34,2 35 110 2015
primorje
~AOYAYyK~ADO 20,7 22 110 2016
Splits | f Yk ~S & 34,2 39 110 2016
SplitDalm/Cista Provo 48,75 48 110 2018
Split-Dal/Blato na Cetini 10,25 10 35 2020
Zadarska/Jasenice 11,5 10 35 2020
~ AKanin/Ervenik 144 142 220 2021
Zadarska/Korlat 63 58 110 2021
~ AKmin/Vrbnik 21,6 20 35 2022
~ AKmin/Vrbnik 10,8 9,9 35 2022
UKUPNO 834,15 824,85
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Tablica 2 Osnovni parametri vjetroelektrana u pokusnom radu

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

Ukupna Ukupno odobrena
- instaliranasnaga snagapk { f 2dz8 bl L322y LINRA
Br INEVAVAY/SS [211F OA2F 06O0d (MW) ((YAW) (kV) Trenutni status

\[o} WPP name Location (county/municip.)  Total installed Total approved Connection voltage Current status
capacity connected capacity (kV)
(MW) (MW)

Pokusni rad /
1 Senj [ ASénj/Senj 156 156 220 Testing
operation
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Posebnost integracije VE u Hrvatskoj je WPP integration in Croatia is specific for its low
nji hova mala geografska mepgraphiapedispersion, Théllarpest gistance
udal jenost izmelLu dviju \b&8weenztwiod\sPPs isoabaut 3800km, wkilm 19

dok je 19 od ukupno 22 VE sa 81% ukupno out of 22 WPPs with 81% of total WPP
instalirane snage VE s mj egt ano na piostlled ¢apacity is located on the area with
slilnog vjetrokl i mat skog simdaywindaclinate 1100 x 707k;m2),k Aahg
gt o uz ipmmijanfivesh hrzine i smjera with significant wind variability, it strongly
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 Htestopesaton jin 2004 gVRPh Ravng)e with

pokusni rad 2004. godine (VE Ravne), installed capacity of 5.95 MW). In the following
instaliranesnage 5, 95 MW) . U i dyedrsi WPP rintegrationi was slow and till the
godina izgradnja VE tekla je usporeno, pa su end of 2009 two new wind power plants were
do kraja 20009. godi ne i zapnstauttedn end iput pi gopegatiop. Total
p 0 g 0o n trijvietipelektrane, od ukupno 64 installed capacity of all wind power plants then
MW instalirane snage svih VE. U razdoblju was 64 MW. In the period 2010 - 2014 in
2010. 7 2014. godine u pogon je ulazilo average 56 MW of new WPP installed capacity
prosg 86/MW godi gnj e novi h wasamyabylputin aperation and in the period
kapaciteta vjetroelektrana, dok je u razdoblju from 2015 1 2019 in average 78 MW of new
od 2015. i 2019. godine u pogon ulazilo WPP installed capacity was anually put in
prosjelno 78 MW godi gnj eopematon.i ln thé mperioda 2020r & r202h in
kapacieteta vjetroelektrana. U razdoblju od average 126 MW of new WPP installed
2020. 1T 2021. godi ne u p o gaapacity jwas instajldd oand put in operation
pr o ¢ 126 MW novo instaliranih kapaciteta (Figure 2).

vjetroelektrana (slika 2).

o Instalirana snaga VE u godini Instalirana snaga VE na kraju godine
Total installed WPP capacity Total installed WPP capacity at the end of the year
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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 Wind power plant total output in Croatia is
ostvarenoj proizvodnji svih VE u Hrvatsko;. presented in this Chapter. Total WPP
Ukupna proizvodnja svih VE u Hrvatskoj u generation in Croatia in 2022 was 2263.1
2022. godini bila je 2263,1 GWh. Na slici 3 GWh. Figure 3 shows hourly wind power plant
prikazana je ukupna satna proizvodnja svih VE generation in the last 12 months. Maximum
u zadnjih 12 mjeseci. Pri tom je najve | a hourly output was 860.65 MWh and it was
ostvarena satna proizvodnja iznosila 860,65 realized on 9.4.2022 at 22 h, while minimum
MWh i ostvarena je 9.4.2022 godine u 22 h, a output was 0 MWh on 23.7.2022 at 9 h. Hourly
najmanja 0 MWh ostvarena 23.7.2022 godine production higher than 300 MWh ocurred in

u9h Satna proizvodnj a vel3232bars. Av@rdge MWly wind power plant
ostvarena je tijekom 3232 sati. Pr os | e | n generation in the last 12 months was 258.37
satna proizvodnja svih VE u zadnjih 12 mjeseci MWh.
iznosila je 258,37 MWh.

Having in mind that total wind plants capacity
Budul i da se instalir anawaschangrag dudrg thenyear.edaratian carve
tijekom godine kr i vul j a t r aj anj aof ermyagedacapacityanihal wind power plants is
snagesvihVEi zr agena j e speci faxdressed io p.w dperousituof installed WPP

nainstaliranu snaguVE (e n gl . Ap er) u n icapdcity) in givengimeaframe on the Figure 4.
a za promatrano razdoblje prikazana je na slici
4,
mmm Satna proizvodnja VE Prosjetna proizvodnja
Hourly WPP generation Average generation
1000
900
800
700
600
e
2 500
=
y ' l ‘ . |
300
Il LI' | IH .w L | | | “ IJ‘ [ I im l‘
200
100
0
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Slika 3 Satha proizvodnja svih vjetroelektrana

Figure 3 Hourly generation of all wind power plants

Y \ (o]



Godii@wjjieGtaj o proizvodnji vjetroelektrana u Hrvatskoj

Annualeport on wind power plant generation in Croatia 14/24
e Krivulja trajanja angaZirane snage VE Kumulativna proizvodnja VE
WPP generation duration curve Cummulative WPP generation
(p.u) (%)
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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 ®173ui 0r266spp.o n u inthe range 0.173 7 0.266 p.u., where p.u. (per
gdje p.u. (per unit - j edini | na Vv r iujity defers std Jhe 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 0,216 p.u. 0.216 p.u.

Premda su sve VE u Hr vatBvéanahoughs alljwedygowen 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 4 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 4 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 agavanj affectsofaredncing hourly generation variations
varijacija proi zvodnj e (in pu) iwighgthe indrease jol wind farms
vietroel et krana standaddoa i nu\nber, pirce standard deviation of individual
devijacija pojedinal ne win@ power plamta \vith 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.

WSAASASSASEANSANSASEANAANANSANS A HOPS



Godii@wjjieGtaj o proizvodnji vjetroelektrana u Hrvatskoj
Annuateport on wind power plant generation in Croatia 1524

= Standardna devijacija satne proizvodnje svih VE
Standard deviation of hourly WPP generation

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

s St.dev. pojedinacne VE s najvecom varijacijom proizvodnje
Standard deviation of hourly generation of individual WPP with the highest output variation

0,5
0,45
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0,35
0,3
g 0,25 -—/———\/\/\/\
0,2
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0,1
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Mijesec/ Godina
Month / Year
Slika 5 Standardna devijacija satne proizvodnje vjetroelektranau j edini |l nim vrijednosti:H

Figure 5 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 6 prikazana je ukupna dnevna

proizvodnja svih VE i u posljednjih 12 mjeseci

krele se u0l14 6Wp @stvareno

8.10.2022 godine) i 17,87 GWh (ostvareno

5.11.2022  godine). Pr o s jdnévmaa
proizvodnja svih VE u cijelom prikazanom

razdoblju iznosila je 6,18 GWh.

power plants output are analysed. Figure 6
shows total daily wind power plant generation
in the last 12 months within the range of 0.14
GWh (8.10.2022) i 17.87 GWh (5.11.2022).
Average daily generation in given timeframe
was 6.18 GWh.
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Slika 6 Dnevna proizvodnja svih vjetroelektrana
Figure 6 Daily generation of all wind power plants
Podaci o dnevnoj proizvodnji svih VE prikazani Daily generation of all wind power plants are
su krivuljom trajanja i na slici 7. shown on the following Figure 7 with duration

curve.

mmmm Dnevna proizvodnja VE =~ === Prosjetna proizvodnja
Daily WPP generation Average generation

20

1 50 99 148 197 246 295 344

Dan
Day

Slika 7 Krivulja trajanja dnevne proizvodnje vjetroelektrana

Figure 7 Average daily WPP generation duration curve
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Na slici 8 prikazana je standardna devijacija Figure 8 shows standard deviation of total wind
ukupne dnevne proizvodnje svih VE i u power plant daily output. In the last 12 months
posljednjih 12 mjesexrsi k ritevasein theerange 0.18 § 0.24npw. Average
i 024p. u. Prosjel na st and astahdara dediagioniinjgieea tinjefeameuwas 0.19
cijelom prikazanom razdoblju iznosila je 0,19 p.u.

p.u.

= Standardna devijacija dnevne proizvodnje svih VE
Standard deviation of daily WPP generation

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

s St.dev. pojedinacne VE s najvecom varijacijom proizvodnje
Standard deviation of daily generation of individual WPP with the highest output variation
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Slika 8 Standardna devijacija dnevne proizvodnje svih vjetroelektranau j edi ni | nim vrijednost
Figure 8 Standard deviation of daily genration of all wind power plants in per unit
Pored podataka o satnoj i dnevnoj proizvodnji In addition to hourly and daily output, data on
analizirajuseipodaci 0 mj es el nojmonphly o wizdv padverj plants output are
svih VE. Na slici 9 prikazana je ukupna analysed. Figure 9 shows total monthly wind

mjeselna proizvodnj a svi ppower Blantigenaratignonsthejlastdl® nantns
12 mjeseci krel¥764 6Whu r atsapwasin the range of 117.64 GWh (May) i
(svibanj) T 262,23 GWh (o gu) ak Pr osj e?6B.23 GWh (March). Average monthly
mj esel na proizvodnj a s v igdneratidrE in given diingframe owas 188.59
prikazanom razdoblju iznosila je 188,59 GWh. GWh.
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Mjeseéna proizvodnja (GWh)
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Slika9Mj ese| na proizvodnja svih vjetroelektrana

Figure 9 Monthly output of all wind power plants

Proizvodnost svih VE n a mj es el noj Wina gower iplant capacity factor on monthly
prikazana je na slici 10 pomol u mj e s e llemeb  shown on the Figure 10. In given

faktora i sk oipbsfptale wgmana s n a tneeframe capacity factor (percentage of time
pri kojem je ukupna proizvodnja VE svedena in which the total production of all WPPs is
na ekvivalentnu proi zvodraduaed por iequivaleny apjoduatioru while
instalirane snage svih VE). U promatranom engaging total installed WPPs capacity.) was
razdoblju faktor iskor i ¢tnehejaage famalf.22 %k(©ctobee) to 8%64 u
rasponu od 16,32 % (listopad) do 35,64 % % (March), with the average of monthly values

(ogu) ak a prosj ek poj edi nda26rbPoh mj esel nih
vrijednosti iznosi 26,5 %.
For the analysed period it is usual to show FLH

U promatranom vremenskom intervalu mo ¢ e (Full Load Hours) indicator showing the
se prikazati i pokazatelj - ekvivalentni broj reduced period (in hours) in which the
radnih sati (FLH - Full Load Hours) svih production would be the same as if the WPP
vjetroelektrana, koji na razini promatranog operated normally during the whole analysed
vremenskog intervala reducira vrijeme rada u period.

satima na ono koje je potrebno da se uz

angagman ukupne i nst aln 2022nFeH ranged Bogned72 to 2921 (per
proizvede i st a koliline e n e wigd pjast in ogeration), while total FLH (for all
normalnom  radu tijekom  promatranog wind power plants, including those in testing
vremenskog intervala. operation) was 2319.

U 2022. godini FLH pokazatelj kretao se od

972 do 2921 (po pojedinoj VE u pogonu), dok

je ukupni FLH (za sve VE, ukljulujuli i one u
pokusnom radu) iznosio 2319.
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Faktor iskoristenja snage (%)
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Slikal0Mj es edktoii sftkor i gt enj ajetsoplekana svi h

Figure 10 Monthly capacity factor of all wind power plants

U posljednje vrijeme VE Wmnd power plants are ddving am linoreasing
u pokrivanju opter el enj aroleeih edvdringo powee rsygten sldmangl in

sustava Hrvatske. Na slici 11 prikazana je Croatia. Figure 11 shows comparison between
usporedba satnog di j agrhouwpa denampdt diagranh emdj wond power
sustava i proizvodnje VE, a na slici 12 prikazan generation. Figure 12 shows share of wind
je udio proizvodnje VE u pokrivanju satnog power plant generation in covering hourly
opter el enjlapromatrarom razaloblju power system demand. In the analysed period
tajudokr el e se wu Othaspomua| @ ihieshare was ranging from 0% to 61.4%
61,4% (ostvareno na 6.11.2022 u 2 h), a bio je (6.11.2022 at 2 h), while it was larger than 15%
veli od 13P3dati.j ekom in 3193 hours.
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Slika 11 Usporedbasatnogdi j agr ama opt er epfovopre vietoslekarana i

Figure 11 Comparison between hourly system demand and WPP generation

Slika 12 Udio proizvodnje vjetroelektranau pokri vanj u satnog optereienja elektr

Figure 12 WPP generation share in covering power system demand
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