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Pogtovani litatel i, Dear readers,

nak on gwidg € nreferme elektro- after years of power sector reform, including
energetskog sektora koja podrazumijeva i sve larger scale integration of renewable energy
vel u integraciiju obnovl jsowcesh windz power aplane imtegdragidnj ir
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 potrebagenatah psbic abbut uchamaateristics g and
javnost detaljnije i z v j e @ kamktedstikama specifics of wind power plant generation as
ispecifilnostima proitegvodwdleas sbout refevant | Ceoltirr @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
sejognal ajnija ul ogau vj ewindpeaverelantsrinaCroatian 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 ezazoda 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.0.0. nastavlja s System Operator Ltd. 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
| z v jesgmitano posebno bitnim obzirom believe that these Reports are of special
na oMamuks ve znwivdgsiggci 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 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 svgiht &) poglavlja na The Report consists of 4 Chapters in which
sistematil an i konzi st entmear@ thanad0 i differedtotachnial datai ane
od 50 razlilitih tehni] kiidldicaposd aré agven in gystdmatiz adne
te predstavlja temeljnu Iconsigtenta ivayr Ut =@esentg etheb badio
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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Dr . s Mi rosl av Mesil

Cc

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 2017. godini je u Hrvatskoj u redovnom In 2017 in Croatia there were 19 wind power
pogonu bilo 19 vjetroelektrana, s ukupno plants with total installed capacity of 527.25
instaliranom snagom od 527,25 MW i MW and total approved connection capacity of

odobrenom snagom npsuio& | j u b28.25 MYV (Table 1)z
528,25 MW (tablica 1).

The largest number of wind power plants are
Najvi ge vietroel ektrana locateng e git re n oGknhsgen sCoumty (6),
lokacijama u Gi b&ms e k 0 j Yj u p a dadgrska Cdunty (6) and Split-Dalmatia
Zadar skoj )¢ Bpliskoidgimatinskop County (4).
g u p a n)i(slika1).( 4

The largest number of wind power plants (13)
Naj vel.i broj v ) etprra &ll g kutl swencoapeefed 8 110 kV voltage level, while
na 110 kV prijenosnu  mr e g u, d o k sthe restsdrea tomnected to the mid-voltage
prikljulene na srednj en agisributidn netwark (355 30 and L0kY)j s k u
mr e g u 3Q(i 30XKY).

There was 1 wind power plants in testing
U probnom pogonu / izgradnji bila je j o3 operation / construction, with total installed
vjetroelektrana, ukupne instalirane snhage od capacity of 48.75 MW and total approved
48,75 MW, a ukupno o0 d o b r e ncennegiionicdpdcity of[4& MW (Table 2).
snage 48 MW (tablica 2).

buing
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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
~AYOY A Y K~AO 11,2 11,2 30 2007
~AYOY AYK~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/
SplitDalm/Split 20 20 110 2012 / 2015
~AYOY A Y K~AO 10,5 10 10 2011
Zadarska/Benkovac, 36,8 36 110 2011
Obrovac
Dub-Neret/Ston 36,8 34 110 2012
~ AKmin/Marina, Seget 30 30 110 2013
SplitDalm/Trilj 42 40 110 2013
Zadarska/Benkovac 9,2 9,2 10 2013
~A@A YK 5NYAO
'y SOA B 43,7 43 110 2014
Zadarska/Obrovac 42 42 110 2014
Splits | £ Yk a dz 45 44 110 2015
Dubb S N5 U k 5 dz0 34,2 34,2 110 2015
primorje
~AYOY AYK~AO 20,7 23 110 2016
SplitDalmk ~ S & 4 | 34,2 39,9 110 2016
Y%l RFENRT] I kI 44,2 45 110 2017
UKUPNO 527,25 528,25
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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
- instalirana snaga ayl 3l LINA bl L2y LINRA
Br INEVA\VAY/SS [21)F OA2F 06O0d: (MW) (MW) (kV) Trenutni status

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

20 Lukovac
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Posebnost integracije VE u Hrvatskoj je WPP integration in Croatia is specific for its low
njihova mala geografska meographiocpledispersion. Thellargest elistance
udal jenost i zmel u3@km,j u \b&weenztwod\&PPs ivakout 300 km, while 13
dok je 16 od ukupno 19 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 vjetrokl i mat skog simdaywindaclinate 1100 x 707k;m2),k Aahg
gt o uz i zmijanfveshhrzing irsmjera 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 Hnovmaltopekatopn in pO05y(WRPhRavng le witl
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 e odwkupnbr 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 2010-2017 in
razdoblju 2010. 7 2017. godine u redovni average 71,5 MW of new WPP installed
pogon ulazilo pr osj el5nMW 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

527,2
600 4

428,2

83
500
346,4
400
260,8
g?’ﬂﬂ 179,5
131,2
200 698
17,2 17,2 268 81,21 850 81
10 6 6 a3 613 g, ' ‘B 549 44,
(&) 0 11,2 0 9,6 I
- - | |

O - . =L
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

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 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 2017 was 1203.81
2017. godini bila je 1203,81 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 . Phourly ottpumwas 490.3% BI\Wiv and @ was
ostvarena satna proizvodnja iznosila 490,38 realized on 6.10.2017 at 18 h, while minimum
MWh i ostvarena je 6.10.2017 godine u 18 h, a output was 0 MWh on 1.1.2017 at 18 h. Hourly
najmanja 0 MWh ostvarena 1.1.2017 godine u production higher than 300 MWh ocurred in

18 h. Satna proizvodnja vel ®25dhdrs. 2\v@@age MWy wind power plant
ostvarena je tijekom 1325 sati. Pr os j e | n generation in the last 12 months was 137.42
satna proizvodnja svih VE u zadnjih 12 mjeseci MWh.
iznosila je 137,42 MWh.

Having in mind that total wind plants capacity
Budul i ins@lirasaesnaga VE mijenjala was changing during the year, duration curve
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
600
500
400
e
= 300
=
” i “ ’ l { ‘i
| | ‘ l | RN ||| | I
100
0
1 2 3 4 5 5 7 8 9 10 11 12
2017
Sat/ Dan / Mjesec/ Godina
Hour / Day / Month / Year

Slika 3 Satha proizvodnja svih vjetroelektrana

Figure 3 Hourly generation of all wind power plants
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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 krei 6181 022 $.p.0 n u inthe range 0.188 i 0.27 p.u., where p.u. (per
gdje p.u. (per unit - j edini | na Vv r iujitg defers std Jhe share in total installed
0 z n a | wgiv & ukupno instaliranoj snazi svih capacity of all wind power plants. Average
VE. Prosjelna st ancaiglondna gtamdard jdavation & given timeframe was
prikazanom razdoblju iznosila je 0,229 p.u. 0.229 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 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 efek t ubl agavanj aeffecs @ teducidg hourly generation variations
varijacija proi zvodnj e (in pu) iwighgthe indrense 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
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= 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

0,45
0,4
0,35 \/w
03
; 02 - \
3
a 02
0,15
01
0,05
0
1 2 3 4 5 6 7 8 9 10 1 12
2017
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 o satnoj proizvodnji VE In addition to hourly output, data on daily wind
analiziraju se i podaci o dnevnoj proizvodnji power plants output are analysed. Figure 6
VE. Na slici 6 prikazana je ukupna dnevna shows total daily wind power plant generation
proizvodnja svih VE i u posljednjih 12 mjeseci in the last 12 months within the range of 0.02
krele s e u0,02 @Wip (stvareno GWh (26.3.2017) 1 10.68 GWh (11.12.2017).
26.3.2017 godine) 1 10,68 GWh (ostvareno Average daily generation in given timeframe
11.12.2017 godine). Pr os jdedvmaa was 3.29 GWh.

proizvodnja svih VE u cijelom prikazanom
razdoblju iznosila je 3,29 GWh.

mmmm Dnevna proizvodnja VE Prosjecna proizvodnja
Daily WPP generation Average generation

12

m%h M I Mh | HMH M
DMIWMWMMMIMM

2017

Dan / Mjesec / Godina
Day / Month / Year

GWtWh
=] oo
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[

Slika 6 Dnevna proizvodnja svih vjetroelektrana

Figure 6 Daily generation of all wind power plants
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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 s Prosjecna proizvodnja
Daily WPP generation Average generation

12

GWh

0 50 100 150 200 250 300 350

Dan
Day

Slika 7 Krivulja trajanja dnevne proizvodnje vjetroelektrana

Figure 7 Average daily WPP generation duration curve

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
posliednjih 12 mjesecikr e | e s e 0,16 a s pibwas in the range 0.16 i 0.24 p.u. Average
T 024p. u. Prosjel na st and astahdar dediaioniin gavenitijmedrama was 0.2
cijelom prikazanom razdoblju iznosila je 0,2 p.u.

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

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

s St dev. pojedinatne VE s najve¢om 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
analiziraju se i podaci monthly evend | powgr ptanto ioatpub carej i
svih VE. Na slici 9 prikazana je ukupna analysed. Figure 9 shows total monthly wind

mjeselna proizvodnja svi lpower Rglantigenaratignansthejlastdla months
12 mjeseci krel e s e u 61,1 GWbn u that was in the range of 61.15 GWh (June) 1

(lipanj) 7 167,13 GWh (prosinac) . Pr osj el6id.B3 GWh (December). Average monthly
mj esel na proizvodnj a S V igdneratidrE in given diingframe owas 100.32
prikazanom razdoblju iznosila je 100,32 GWh. GWh.

Tijekom zadnjih 12 mjeseci vide se znatne In the last 12 months significant differences in
mj esel ne razlike u pr oi manthlg mpijoduction Wan be Bsepn. |Besmes
vjetrovite proljetne te manje vjetrovite ljetne windy periods typical for spring and less windy
mjesece, u promatr anom r azdobl j u onesduringpsumnem the production in October
niska bila je proizvodnja u listopadu 2017.g., 2017. was untypically low, while the production
dok je u prosincu zabilieg e n a n aj v ingdecember was the highestin 2017.
proizvodnja u 2017.godini.
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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 esel noj Winad gower iplant capacity factor on monthly
prikazana je na slici 10 pomol u noge s e llemel is 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 ¢tnehejange framald.e8 %k(©otobee) to3e % u
rasponu od 17,08 % (listopad) do 39 % (December), with the average of monthly
(prosinac) , a prosjek poj edi nvallendf26.474. es el ni h

vrijednosti iznosi 26,47 %.
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 20/ nFeH ranged Bogned85 to 3053 (per
proizvede i st a koliline e n e wigd pjamt in oderation), while total FLH (for all
normalnom radu tijekom  promatranog wind power plants, including those in testing
vremenskog intervala. operation) was 2315.

U 2017. godini FLH pokazatelj kretao se od

985 do 3053 (po pojedinoj VE u pogonu), dok

je ukupni FLH (za sve VE, ukl julujuli i ohe u
pokusnom radu) iznosio 2315.
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Faktor iskoristenja snage (%)
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Slikal0Mj esed ki orf i skori gt ejetjoeddektsanaage 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 O%haspomua| o ihieshare was ranging from 0% to 35.2%
35,2% (ostvareno na 6.11.2017 u 3 h), a bio je (6.11.2017 at 3 h), while it was larger than 15%
veli od 18384dati.j ekom in 1328 hours.
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Figure 11 Comparison between hourly system demand and WPP generation
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3.

PROMJENJIVOST PROIZVODNJE
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Za volLenje e kag ksustavae ode r g eForspower system control wind power plant

posebne je v a § n prentjenjivost proizvodnje output variation is of utmost interest. Maximum
VE. Na slici 13 prikazana je maksimalna positive and maximum negative wind power
pozitivna i maksimalna negativnha promjena plant hourly output variations are given on the
satne proizvodnje VE u pojedinom mjesecu. Figure 13. In other words, the difference

Drugim rijelima, prikazanbatweere inr hourlyi WRP owputy i r twan e
prosj el ne pEoi da ozdstopna V consecutive hours is shown. The largest
sata. Naj vel a pozitivna s aposiiie hougyr\@Ruiput wariation was 219.7
proizvodnje VE iznosila je 219,7 MW, dok je MW. The largest negative hourly WPP output
najvela negativna satna pariatian was al22hr MW. zZAvesagen positive
VE iznosila -122,4 MW. Pr osj el na plogrly WWPRoutput variation in given timeframe
satna promjena proizvodnje u promatranom was 108.62 MW, while average negative
razdoblju iznosila je 108,62 MW, a pr o s j &durly ¥VPP output variation was -93.65 MW.
negativna -93,65 MW.

=== Najveca pozitivna promjena proizvodnje Najve¢a negativna promjena proizvodnje
Max positive WPP hourly output variation Max negative WPP hourly output variation
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2197
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Slika 13 Maksimalna pozitivha i maksimalna negativha promjena satne proizvodnje VE u mjesecu

Figure 13 Maximum positive and maximum negative wind power plant hourly output variation during the
month
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Najveli broj
dogala se u
MW/h, 7770 sati ili 88,7% v r emena

kako je prikazano slikom 14. Apsolutna
vrijednost promjene proizvodnje VE iznad 50
MWh/h (dakle i pozitivne i negativnhe promjene)
pojavile su se u 232 sata, odnosno 2,65%

sat ninjp VB r o mjhe famestpamoduntz of PP hourly output
-BOaMWyo dout+300 d
g o d M\hih, &70 hours, or 88.7% of the year, as

variation was in the range -30 MWh/h to +30

shown on the Figure 14. Absolute value of
WPP hourly output variations above 50 MWh/h
(including both  positive and negative
variations) happened in 232 hours or 2.65% of

viemena godignj e. the year.
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Figure 14 Statistical distribution of WPP hourly output variations
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Prognoza proizvodnje VE svakako predstavia ~  Wind power plant generation forecasting is
naj vel i izazov pri v e | ogdertainly ihe daggesia challgnge in \ame seale
elektroenerget ski s ust av wind ynéegration pnp gawer g yséem. ylarger

prognozi VE podrazumijeva v eforgcastp grior @gsuings larger regulation
regulacijsku snagu i energiju ur av not e g e §gpacity needs and balancing energy, causing

odnosno vel eu tojrdomekio Ue therefore higher costs in this segment. In
Hrvatskoj je prognoza proizvodnje VE za Croatia wind power plant generation
potrebe volenja el ekt r oefarecastng startec gperaing é1t281.alt has
oper at i vno20li.gpdmé, a pravodio been implemented and developed by HOPS.
ga je i unaprjelivao  HAOPE . withp r lggiflptiven o ghanges  and
zakonskog okvirai uspost avom EK O estbhlishmenyohtee ECO balance group, this
grupe prognoza proizvodnje VEtreb a | a b i p ki wil be allocated to Croatian Energy
u domenu odgovornosti Hrvatskog operatora Market Operator (HROTE) as the ECO

trgigta ener kap jvaitelja HRO T E ) balance group responsible. Establishment of
bilanlne grupe. Pol et ak BEC® hatancegroap ispastpogas pynld.2019.
grupe odgolen je za 1.1.20109.

Wind power plant generation forecast was

Prognoza proizvodnje VE u promatranom done on day-ahead basis.

razdoblju provodila se za dan unaprijed.

Figure 15 shows forecasted and realized wind

Na slici 15 prikazane su prognozirane i power plant generation in whole year.

ostvarene satne proizvodnje svih VE u cijeloj

godini.
Ukupno instalirana snaga VE —— Prognozirana proizvodnja
Total installed WPP capacity Forecasted generation
Ostvarena proizvodnja = Prosjecna proizvodnja
Realized generation Average generation
700
600
500
400
e
=
=
300 h
- WM Vil
= A HIRL ‘ | |
10 LT L it '
b ‘l"
0
1 2 3 4 5 6 7 g 9 10 11 12
2017
Sat/ Dan / Mjesec/ Godina
Hour / Day / Month / Year

Slika 15 Prognozirana i ostvarena satna proizvodnja vjetroelektrana

Figure 15 Forecasted and realized wind power plant generation
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Na slici 16 pri kazane su
prognoze proizvodnje VE, odnosno razlika
i zmelLu prognozirane

proizvodnj e svi h VE.
prikazana je i pripadna krivulja trajanja

pogregke satne prognoze

Maksi mal na pozitivnae

p o g r Eigpte 46 showstwing power plant generation

forecasting error on hourly basis. In other

wogds, Wt is the difeerence betwaes forecasted
T a kaodlrealized windapower planssj hourly loutpgiti

Forecast error duration curve is shown on the

pame iFigueo Mawinuan pesitivie florecas error
p o (foreeadt kigher than geglnogtput) was 180.8

proizvodnj e VE od pstvasepja)o z a MWednd it occurred on 3 hour, 7.1.2017.

iznosila je 180,8 MW i ostvarena je u 3 h,
7.1.2017 godine. Maksimalna negativna
pogr ek aze proizvagimjeoVE (prognoza
manja od ostvarenja) iznosila je -253,9 MW i

Maximum negative forecast error (forecast
larger than real output) was -253.9 MW and it
occurred on 18 hour, 24.7.2017. Average
absolute forecast error was 29.4 MW.

ostvarena je u 18 h, 24.7.2017 godine. Srednja
apsoluthapogregka prognoze ©proizvodnje VE
iznosila je 29,4 MW.

Pogreska satne prognoze proizvodnje
Hourly generation forecast error

Krivulja trajanja pogreske satne prognoze proizvodnje
Hourly generation forecast error duration curve

Sat

Hour
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Slikalé Ra z | i k au prognuerine i ostvarene satne proizvodnje svih VE i pripadna krivulja trajanja

Figure 16 Difference between forecasted and realized total WPP hourly generation and its duration curve
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Pogregke p satng rpwizvednje VE Wind power plant hourly output forecast error
analizirane suina mj es el reosu zar a z iarei analysed on monthly basis, resulting in
potrebe ovogrkazangtvij ie gV al i Ithree ealues requred for this report: maximum
maksimalna pozitivna, maksimalna negativna i positive, maximum negative and average
pr os | edpsolatna pogr e g k prognoze absolute forecast error, as shown on the
proizvodnje VE (slika 17). Maksimalna Figure 17. In 2017 maximum positive forecast
pozitivna pogregkal ar og 1edr@ overV00 MW occurs in 8 months, while
pojavijuie se u 8 mjeseci 2017. godine. maximum negative absolute forecast error over
Maksimalna negativ na pogregka pr d@md/ine01loccursin 12 months. Average
apsol utnom i z1l0@MW pojav§uiea o dabsolute forecast error on monthly basis was in

se u 12 mjeseci 2017. godine.Pr osj el na the range 23.03 7 38.3 MW.
apsolutna pogr egrkaaz inma nkjreesleel n o j
se u rasponu od 23,037 38,3 MW.

Najveca negativna pogreska === Najveca pozitivna pogreska === Prosjecna apsolutna pogreska
Maximum negative foreacst error Maximum positive forecast error Average absolute forecasterror
250
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q 1808
150
100
50
0
=

= 50
-100
-150
-200

-250 -253,9
-300

1 2 3 4 5 6 7 g 9 10 11 12
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Mijesec/ Godina
Month / Year
Slikal7Maksi mal na pozitivna, maksi mglsmd unenga tpiowrra gik ap rscast jnesl mz

proizvodnje VE

Figure 17 Maximum positive, maximum negative and average absolute forecast error of wind power plant
hourly output
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Suma pogr e g ksatneproiovgdnj@\ViEe Sum of hourly WPP forecast errors assumes
predstavlla pot r ebnu energiju uequires neoergy daamging. . Sum of positive
Suma pozitivnih pogr egki hquiyofgetastz &rory (faregsagtnlargea than

vel a od osu vaoaemj] a) ci oregalized) ugpresents in the end required
potrebnu negativnhu energiju urav n ot e Que n j anegative balancing energy in power system,
elektroenergetskom sustavu, a suma while sum of negative hourly forecast error
negativnih pogregki p r orgpnesente posifive balaecing enkergya Figure

pozitivnu energiju 18r av r® shemy sumjofapositiveSdnd regative hourly
prikazuje sumu pozitivni Horecastermog foteachmonth. pogr eg ki
prognoze za svaki razmatrani mjesec.

Total sum of all positive hourly forecast errors
Ukupna S uma svih p ozi tingwenitimeframe dsdl26& g ®Wh, while total
prognoze satne proizvodnje u cjelokupnom sum of all negative hourly forecast errors in
promatranom razdoblju iznosi 126,77 GWh, given timeframe is -130.8 GWh.
dok ukupna suma svih negativnih pogregki
iznosi -130,8 GWh.

M Pozitivna energija uravnoteZenja Negativna energija uravnoteZenja
Positive balancing energy Negative balancing energy
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Slika 18 Suma pozitivnihpogr e g k i patrtegmozevodnje VE (negativna energij e
suma negativhihpogr egki pategmozevodnje VE (pozitivnapogdiromgija ur a
mjesecu

Figure 18 Sum of positive errors (negative balancing energy) and sum of negative errors (positive
balancing energy) of wind power plant hourly generation in each month
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Slika 19 prikazuje dvije varijable: p o gr e § k eFigure 19 shows two variables: forecast error

prognoze satne proizvodnje VE te dnevne
prosjel n e vrijednosti  apsolutnih  satnih
p 0 g eka g prognoze, sve u odnosu na
instaliranu snagu (p.u.). Prva varijabla je
prikazana u satnoj domeni, a druga varijabla u
dnevnoj domeni kao prosjek svih apsolutnih
vrijednost.i satnih
danu. Dnevni prosjek apsolutne satne
p o gr e gpkognoze proizvodnje VE u
cjelokupnom razmatranom razdoblju iznosi u

prosjeku 5,7% instalirane snage VE.Naj vel a

of WPP hourly output and daily averages of
absolute hourly forecast errors, all normalized
by installed capacity (p.u.). The first variable is
shown on hourly basis, while the second one is
given in daily time domain as average value of
all hourly absolute forecast errors during the

p o g r aegykDaily average of alnsaluter haunlyofonecast

error of WPP in given timeframe is in average
5.7% of installed capacity WPPs. The largest
hourly forecast error was 37.4% and happened
on 7.1.2017 at 3 h, while the lower hourly

pozitivna pogregka pr ogn ofaezastseadr was -58.6% on24.702017 jatel8

h.

VE iznosila je 37,4%, a dogodila se 7.1.2017
godine u 3 h, dok je naj vel a negativna

pogregka prognoze satne prognoze iznosil a
52,6% dana 24.7.2017 godine u 18 h.

Pogreska prognoze satne proizvodnje
Forecast error of hourly WPP output

Prosjek svih apsolutnih vrijednosti satnih pogreski u promatranom danu

Average absolute forecast error of hourly WPP output
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Slika19P o g r e gri&gnoze satne proizvodnje VEipr osj apesel ut ne praggozesgtikee
proizvodnje VE na dnevnoj razini iskazane u postocima instalirane snage VE

Figure 19 Forecast errors of WPP hourly output and average absolute forecast error of WPP hourly output
on daily level shown in percentage of installed WPP capacity
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Kao mjera t ol nopddr e giognoze
proizvodnje VE, koja daj e velu
prognozama, | e s t okoristiekorijen srednje
kvadratne pogre gk e prognoze
formuli:

tegithnhuatl offgg imves

Wind power plant generation forecast error,
mor e
usually evaluated with root mean square error,

p r e naacordidg fhe fdllewing gquation:

RMSE= \/1 a (Pprognozilrm - I:Lstvareno)z
Nz

Gdje je:

RMSE i kori j en
prognoze proizvodnje VE
Pprognozirano i prognozirana proizvodnja VE
(MWh/h)
Postvareno i
(MWh/h)

n i ukupni broj promatranih interval (sati)
i T promatrani interval (sat)

srednj e

ostvarena proizvodnja VE

Slika 20 prikazuje ukupni Kkorijen srednje
kvadr at ne prpgnare proizkodnje svih
VE.Na mj esel noj razini
prosincu i iznosio je 48,59 MW, a najmanji u
lipnju i iznosio je 34,35 MW.

50

WIW
=]

3

2

(=]

1

(]

Slika20Kor i j en

srednj e

kvadr

Where is:

RMSEE roqt meqn squark error of hourly WPP
generation forecast

Pprognozirano i forecasted WPP output
Postvareno i realized WPP output

n i total number of intervals (hours)

i 1 single interval (hour)

Figure 20 shows total root mean square
forecast error of WPP generation. On monthly
basis RMSE had the largest value in
December, 48.59 MW, while the lowest value

R M Shas i Jene 8435 MWa j v el i u

RMSE

1 2 3 4 s 6 7 8 9 10 11 1

2017

Mijesec/ Godina

Month / Year

k \peognoze satne prpizovgdnje syvih &E

Figure 20 Root mean square error of hourly WPP generation forecast
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Korijen srednje kvadr at n &ootpneegnrsqugrk errorpcanobg presenged in

moge se iskazati i u j e dipariunitritd instaled \IVPPecdpacdy3, tisi shoavn ( u
odnosu na instaliranu snagu VE), kao na slici on the Figure 21.
21.

At the same Figure root mean square values
Na istoj slici za svaki promatrani mjesec are shown for individual wind power plants with
prikazan je i korijen srednje kvadratne the largest and the lowest root mean square
pogregke prognoze za i nderrorindach month (ndt Bh the whole year).
i maj u najvel u, odnosno rAecpramaly, jt is pospilbeghatdoipkRIMSE of all
prognoze u svakom promatranom mjesecu (ne WPP is lower than RMSE of individual WPP

u cijeloj godini). St oga j e mogul e it theddwespfordcast error.
RMSE svih VE bude manji od RMSE

pojedinal ne VE S naj manj om pogregkom
prognozom u tom mjesecu.

——RMSE Pojedina¢na VE s najmanjim RMSE s Pojedinac¢na VE s najvecim RMSE
Individual WPP with lowest RMSE Individual WPP with largest RMSE
0,6
0,5
04
303
[+1
0,2

0
1 2 3 4 5 6 7 8 9 10 11 12
2017
Mijesec/ Godina
Month / Year
Slika21Korij en srednj e kv adrognbzesatng prgizvedipjkevihVEuU jedi ni | ni m

vrijednostima

Figure 21 Root mean square error of hourly WPP generation forecast in per unit
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Na slici 22 prikazana je frekvencija Figure 22 shows the frequency of occurrence
pojavijivanja sathe pogr egke p r o don touarlg production forecast error of WPPs.
proizvodnje VE u cij el oj Clgadyd foredast erfi was delojv €10 #oaof j
satna p o g r aepgolgnoze hila manja od 10% installed capacity of all WPPs in 82.57%
instalirane snage svih VE u8257% s | ul aj e v aases, while it was ranging from 10-20% in
dok je u rasponu 10-20% instalirane snage bila 15.22% cases in one year.

uls522%sl ul ajeva godignj e.

Kori j en srednje kvadr at ne Roa gmeangdqeare perrar goh dvaudy WPP

satne proizvodnje svih VE u postocima generation forecast in percentage of installed
instalirane snage u posliednjih 5 godina capacity in the last 5 years is shown on the
prikazan je na slici 23. Figure 23.
%
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Slika22Frekvencija pojavljivanja pogregke prognoze

Figure 22 Frequency of forecast error of wind power plant hourly generation
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14
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=
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2013 2014 2015 2016 2017
Godina
Year
Slika23Kori jen srednje kvadratne pogregke prognoze satne proi

snage u posljednjih 5 godina

Figure 23 Root mean square error of hourly WPP generation forecast in percentage of installed capacity
in the last 5 years
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