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Povoljni klimatski uvjeti otoka Krete i novije zakonodavstvo o obnovljivim izvori-
ma energije pruzaju znatan poticaj za uvodenje fotonaponskih elektrana. U ovom
prikazu predstavljen je fotonaponski park (FN Park) C. Rokas u Sitiji, Kreta i
ocijenjen njegov rad. Taj fotonaponski park, koji je u pogonu od 2002. godine,
ima vrsnu snagu od 170 kWp. Park se na prikladan nacin kontrolira godinu dana
interno, a izraCunavaju se stupanj djelovanja (eng. performance ratio) i razni
gubici snage (temperaturni, oneciscenje, unutarnji gubici u mrezi, energetska
elektronika, raspolozivost i meduspoj mreze). Tijekom 2007. park je u mrezu
isporucio 230 MWh, i to u rasponu od 335 do 870 kWh dnevno. Proizvodnja na
instaliranoj snazi (YF) kretala se od 2 h/d do 5 h/d, a faktor iskoriStenja od 58 %
do 73 %, Sto je rezultiralo godisnjim faktorom iskoristenja od 67,36 %.

The favorable climate conditions of the island of Crete and the recent legis-
lation for the utilization of renewable energy sources, provide a substantial
incentive for the installation of photovoltaic power plants. In this paper, the
grid-connected photovoltaic park (PV park) of C. Rokas SA in Sitia, Crete is
presented and its performance is evaluated. The photovoltaic park has a peak
power of 170 kWp, and has been in operation since 2002. The park is suitably
monitored for a one year internal and the performance ratio and the various
power losses (temperature, soiling, internal network, power electronics, grid
availability & interconnection) are calculated. The PV Park supplied 230 MWh
to the grid during 2007, ranging from 335 kWh to 870 kWh per day. The final
yield (YF) ranged from 2 h/d to 5 h/d and the performance ratio (PR) ranged
from 58 % to 73 %, giving an annual PR of 67,36 %.

Kljucne rijeci : faktor angazZirane snage, fotonaponski park, gubici snage,
ukupna proizvodnja, proizvodnja energije, referentna proizvodnja, faktor
iskoristenja, vrSna snaga
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Grcko trziste solarne energije naglo raste i priviaci
ogroman interes investitora zbog nedavno done-
senog zakona o sustavu zajam¢enih cijena [1] koji
jamdi cijenu izmedu 0,4 EUR/KWh i 0,5 EUR/KkWh
za 20-godisnje razdoblje te dopunsku investicijsku
subvenciju od 20 % do 40 %. Prema tome, vrijeme
povrata investicije u Grckoj kao zemlji s vrlo viso-
kom insolacijom mozda je najnize u cijeloj Europi.
Da bi se izvukla korist od takva rasta, analiza stvar-
nog ucinka najveéeg instaliranog fotonaponskog
parka (FN park) u Gr¢koj, posebice na otoku Kreti
s najvisim insolacijskim vrijednostima u Europi, od
velike je vaznosti za definiranje investicijskih oceki-
vanja u smislu ucinkovitosti sustava, a time i gos-
podarske koristi. Nadalje, ocjena radnog ucinka u
odnosu na stvarne podatke omogucava otkrivanje
pogonskih problema, olaksava usporedbu izvedbe-
no razlicitih sustava, te utvrduje interakciju FN par-
ka s lokalnom mrezom, Sto je od velikog znacaja u
nekom velikom autonomnom elektroenergetskom
sustavu kao $to je kretski [2] i [3].

Pilot projekt FN park C. Rokas lociran je u Ksiro-
limniju, Sitia na otoku Kreti. U ovom ¢lanku ana-
liziran je rad mreze na satnoj, dnevnoj i mjesecnoj
osnovi za 2007. godinu. lzvedeni parametri uklju-
Cuju referentnu proizvodnost, proizvodnost grupe
panela, podrucje krajnjeg prinosa, gubitke pre-
tvorbe primarnog oblika energije, gubitke sustava
i stupanj djelovanja.

FOTONAPONSKI PARK (FN
PARK)

FN park C. Rokas najveci je grcki FN park u po-
gonu sa instaliranim kapacitetom 170 kWp koji je
spojen na 20 kV dalekovod. FN park pokriva uku-
pno podrucje od 3 784 m? i aktivno podrucje od
1 142,4 m?. Fotonaponska elektrana sastoji se od
fotonaponskih (FN) modula 1428 MSX 120 Solarex
(engl. BP Solar) od polikristalnog silicija. FN mo-
duli su rasporedeni u 120 paralelnih nizova (engl.
strings), sa po 12 modula u svakom, spojenih na 60
invertera Sunny Boy SB 2500 montiranih na nose-
¢u konstrukeiju, uz Sto se nalaze prikljucne kutije,
instrumentacija za mjerenje zracenja i temperatu-

re, te sustav za zapisivanje podataka.

Inverteri su prikljueni na elektroenergetsku mre-
7u preko transformatora 0,4/20 kV i brojila elek-
tricne energije. FN sustav montiran je na nosecu
konstrukciju od nehrdajuéeg Celika okrenutu pre-
ma jugu pod kutom od 30°. Taj kut nagiba izabran
je da bi se maksimalizirala godisnja proizvodnja
energije. Slika 1 prikazuje FN park, a slika 2 pri-
kazuje jednopolnu shemu prikljucka FN parka na
elektroenergetski sustav.
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INTRODUCTION

The Greek photovoltaic market is rapidly grow-
ing, attracting an enormous investment inter-
est due to the recently launched feed-in tar-
iff (RES law) [1] guarantying a price between
0.4 EUR/kWh and 0,5 EUR/kWh for a 20-year pe-
riod and a supplementary investment subsidy at
20 % to 40 %. Therefore, the payback time of anin-
vestment in Greece with very high insolation may
be the lowest in whole Europe. To benefit from
this growth, the actual performance analysis of
the largest installed photovoltaic Park (PV park)
in Greece, and especially on the island of Crete
with one of the highest insolation values across
Europe, is of great importance in order to set the
investor’s expectations for system performance
and the associated economic return. Further-
more, the performance evaluation with real data
can allow the detection of operational problems,
facilitate the comparison of systems that may dif-
fer with respect to design, and evaluate the inter-
action of the Park with the local grid, which is of
high significance in a large autonomous electric
system, such the Cretan one [2] and [3].

The pilot PV Park C. Rokas is located in Xirolimni,
Sitia, Crete. In this paper, the performance of
the grid connected for the year 2007 has been
analysed on hourly, daily and monthly bases. The
derived parameters include reference yield, ar-
ray yield, final yield array, capture losses, system
losses, and performance ratio.

PHOTOVOLTAIC PARK

The PV Park is the largest operating PV Park in
Greece with an installed capacity of 170 kWp grid
connected to a 20 kV TEP transmission line and
covering a total surface area of 3 784 m?, and an
active area of 1 142,4 m?. The park is comprised
ofa 1428 MSX 120 Solarex (BP Solar) polycrystal-
line silicon PV modules. The PV modules are ar-
ranged in 120 parallel strings, with 12 modules in
each, and connected to sixty Sunny Boy SB 2500
inverters installed on the supporting structure,
plus connection boxes, irradiance and tempera-
ture measurement instrumentation, and data
logging system.

The inverters are linked to the national grid via
a 0,4/20 kV transformer and an electrical energy
meter. The PV system is mounted on a stainless
steel support structure facing south and tilted at
30°. Such a tilt angle was chosen to maximise
yearly energy production. Figure 1 shows the PV
park, and Figure 2 shows a schematic block cir-
cuit diagram of the system’s electrical connec-
tion.
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Slika 1 — Pogled na FN park C. Rokas SA — FN moduli nagnuti su 30°, orijentirani prema jugu
(u pozadini susjedna vjetroelektrana)
Figure 1 — View of the C. Rokas SA Photovoltaic Park, the FN modules are tilted at 30° and oriented south
(the adjacent wind park in the background)
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Slika 2 — Shematski blok dijagram FN sustava
Figure 2 — Schematic block circuit diagram of the FN system

ANALIZA SUSTAVA

FN sustav parka detaljno je analiziran kako bi se
procijenila ucinkovitost sustava pri radu paraleno
s lokalnom elektroenergetskom mrezom. Za
ocjenu ucinkovitosti FN parka proracunati su
ukupna proizvodnost (¥;), referentna proizvodnost
(). stupanj djelovanja - performance ratio (PR) i
faktor optereéenja (CF) prema definiciji standarda
IEC 61 724 [4].

Ukupna proizvodnost (¥;) definira se kao godisnja,

lykakis, S., P: [
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SYSTEM ANALYSIS

The PV Park system has been fully monitored to
assess its performance with the local power grid.
To evaluate the PV Park performance, the final
yield (¥,), the reference yield (), the performance
ratio (PR) and the capacity factor (CF) were calcu-
lated as defined by the IEC Standard 61 724 [4].

The finalyield (Y,) is defined as the annual, monthly

or daily net AC (alternatmg current) energy output
(E) of the system divided by the peak power (P) of
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mjesecna ili dnevna neto proizvodnja elektricne
energije na srednjenaponskoj strani priklju¢nog
transformatora (E) podijeljena s vrSnom snagom
(P) instaliranog fotonaponskog sustava u stan-
dardnim ispitnim uvjetima (SIU) sunceva zracenja
od 1000 W/m? i temperature éelija od 25 °C:

Referentna proizvodnost (Y,) je ukupna solarna in-
solacija na plohi H (kWh/m?) podijeljena s referent-
nim zracenjem za grupu FN panela (kW/m?); dakle,
referentna proizvodnost je broj vrsnih suncanih
sati:

kWhm®]_ #,
kW/m ]

P
L[k

Stupanj djelovanja (PR) je ukupna proizvodnost
podijeljena s referentnom proizvodnosti; on pred-
stavlja ukupne gubitke u sustavu s pretvaranjem
istosmjerne struje (DC) u izmjeni¢nu (AC). Tipicni
gubici FN parka ukljucuju gubitke zbog degradacije
panela (n,,). temperature (y,,). oneciscenja (1),
unutarnje mreZe (n, ). invertera (y, ), transforma-
tora (i) i raspoloZivosti sustava te prikljucenja na
mreZu (i,,). Stoga se stupanj djelovanja (PR) moze
izraziti kao:

PR="F =

YR ndeg : ntem : nsoil

Proizvodnost grupe panela (Y,) definira se kao
godiSnjailidnevna proizvodnja energije FN podrucja
podijeljena s vrsnom snagom (P,) instalirane grupe
FN panela; gubici sustava (L) ukljucuju gubitke
konverzije invertera i transformatora, a gubici pri-
hvata energije unutar grupe panela (L) uzrokovani

su gubicima unutar FN modula u toj grupi:

E
YA :P_A N
Lo=Y =Y,
Ly=Y, -Y;
Kumakis,E., Kalykakis, S., P: T. M., Rad f g parka ....,

: nnet ' ninv ’ ﬂtr : nppc °

the installed PV array at Standard Test Conditions
(STC) of 1000 W/m? solar irradiance and 25 °C cell
temperature:

The reference yield (Y) is the total in-plane solar
insolation H, (kWh/m?) divided by the array refer-
ence irradiance (kW/m?); therefore, the reference
yield is the number of peak sun-hours:

[h] .

The performance ratio is the final yield divided by
the reference yield; it represents the total losses
in the system when converting from nameplate
DC (direct current) rating to AC output. The typical
losses of a PV park include losses due to panel
degradation (ndeg), temperature (1,,.). soiling (n_,).
internal network (i), inverter (g, ), transformer
(n,) and system availability and grid connection
network (). Therefore, the PR can be expressed
as:

The array yield (Y,) is defined as the annual or
daily energy output of the PV array divided by peak
power of the installed PV, the system losses (L)
are gained from inverter and transformer conver-
sion losses, whereas the array capture losses (L)
are due to PV array losses:
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Konacno, faktor opterecenja (CF) definira se kao
omijer stvarne godisnje proizvodnje elektricne en-
ergije i elektricne energije koju bi FN park proiz-
veo kada bi radio snagom punog kapaciteta (P)
neprestano cijele godine:

Y, E

Finally, the capacity factor (CF) is defined as the
ratio of the actual annual energy output and the
amount of energy the PV Park would generate if
operating at full rated power (P) for 24 hours per
day for a year:

H

t

T8760 P.8760 P.8760 7

Trenutno globalno zracenje u zoni grupe FN mod-
ula, temperatura okoline, izlazna DC snaga grupe
FN modula i izlazna AC snaga FN parka bili su
mjereni svakih 10 minuta i spremani u bazu po-
dataka. Mjesecna proizvodnja elektri¢ne energije
na prikljuc¢noj tocki mreze takoder je bila dana od
gréke elektroprivrede PPC (odnosno operatora
mreZe). Potpuni pogonski podaci iz baze podataka
za 2007. godinu bili su uprosjeceni svakih 10 minu-
ta tijekom tipicnog dana i to za cijeli mjesec. Slika
3 prikazuje ukupnu mjesecnu uprosjecenu inso-
laciju u zoni zajedno s mjesecnom temperaturom
okoline uprosje¢enom kroz sate preko dana.

[h/d]

The incident global irradiance in array plane, the
ambient temperature, the DC array output power,
and the PV Park AC output power were measured
every 10 minutes and stored in the logger system.
The monthly AC output energy at the grid con-
nection point was also given by the Greek PPC
(grid connection network). Complete operation
data from the logger for the year 2007 was aver-
aged for every 10 minutes during a typical day per
month. Figure 3 shows the monthly averaged to-
tal in-plane insolation together with the monthly
ambient temperature averaged over the daytime
hours.

Gubici prihvata PV podrugja / PV

Konatan prinos / Final y
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Slika 3 — Ukupna mjesecna uprosjecena insolacija u zoni i temperatura okoline uprosjecena kroz sate
preko dana u godini 2007.

Figure 3 — Monthly averaged total in-

plane insolation and ambient temperature averaged during the daytime hours over

the year 2007

NajviSa vrijednost ukupne insolacije u plohiiznosi-
la je u srpnju 225 kWh/m?, a najniZa u prosincu
92 kWh/m?. Godiénja insolacija iznosila je 1985
kWh/m? a srednja temperatura okoline 16,46 °C.
U 2007. godini FN park proizveo je 229 MWh, u ra-
sponu od 10,4 MWh (prosinac) do 27 MWh (srpanj)
mjesecno. Slika 4 prikazuje mjesecno uprosjeceni
dnevni konacni prinos, podru¢ne gubitke prihvata
i gubitke sustava. Mjesecno uprosje¢ena dnevna
prozvodnost grupe panela kretala se od 2,25 h/d
(prosinac) do 6,6 h/d (srpanj), a ukupna proizvod-
nost od 1,95 h/d do 5,07 h/d. Prosjecna godisnja

Kumakis,E., Kalyk

kis, S., P:

The highest value of total in-plane insolation was
in July with 225 kWh/m?, and the lowest in Decem-
ber with 92 kWh/m?. The annual insolation was 1
985 kWh/m? and the mean ambient temperature
was 16,46 °C. The PV Park generated 229 MWh
in 2007, ranging from 10,4 (December) to 27 MWh
(July). Figure 4 shows the monthly averaged daily
final yield, array capture losses and system loss-
es. The monthly averaged daily array yield ranged
from 2,25 (December) to 6.6 h/d (July), and the
final yield from 1,95 h/d to 5,07 h/d. The average
annual final yield and reference yield was 1 337
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ukupna proizvodnost i referentna proizvodnost
iznosili su 1 337 sati odnosno 1 984 sati. Mjesecno
uprosjeceni dnevni gubici grupe FN modula kre-
tali su se od 0,54 h/d (studeni) do 1,38 h/d (rujan),
a gubici sustava od 0,29 h/d (prosinac) do 1,52 h/d
(srpanj). Stupanj djelovanja bio je rasporeden u
rasponu od 58 % do 73 %, dok je godiSnja srednja
vrijednost bila 67,36 %.

Ukupna godisnja proizvodnost od 1.337 kWh/kWp
za FN park znacajno je visa od FN parkova u
Njemackoj [5] i sli¢na je FN parkovima u juznoj
Spanjolskoj [6], &to ilustrira ogromne potencijale
ulaganja u otok Kretu. Prosjecni godisnji faktor
angazirane snage iznosio je 15,26 %.

and 1 984 hours, respectively. The monthly aver-
age daily array losses ranged from 0,54 h/d (No-
vember) to 1,38 h/d (September), and the system
losses from 0,29 h/d (December) to 1,52 h/d (July).
The performance ratio was distributed within the
range of 58 % to 73 %, and the annual mean value
was 67,36 %.

The annual final yield of 1 337 kWh/kWp for the PV
Park is significantly higher than PV parks oper-
ated in Germany [5] and similar to parks operated
in Southern Spain [6], demonstrating the huge po-
tential of an investment in the island of Crete. The
average annual capacity factor was 15,26 %.
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Slika 4 — Mjesecno uprosjeceni dnevni konacni prinos, gubici prihvata FN podrudja i gubici sustava
Figure 4 — Monthly averaged daily final yield, FN array capture losses and system losses

Metodologija koja se koristi za analiticki proracun
raznih gubitaka FN parka mozZe se opisati kako
slijedi: SuCevo zracenje u plohi, temperatura
okoline preko dana, DC snaga grupe FN mod-
ula i izlazna AC snaga parka uprosjeCene su u
10-minutnim intervalima tijekom tipicnog dana
mjesecno. Nominalna trenutna DC snaga grupe
FN modula (10 minutni prosjek) i ukupna godisnja
izlazna energija izracunavaju se uporabom poda-
taka o suncevu zracenju i tehnickih specifikacija
koristenih fotonaponskih panela. Zatim se stvarna
izlazna snaga grupe FN modula postepeno simu-
lira uracunavanjem razli¢itih gubitaka uslijed;
degradacije FN modula, gubitaka uzrokovanih
temperaturom i oneciséenjem. Isti se put slijedi
za izracun gubitaka meduspoja, invertera i trans-
formatora koreliranjem stvarne proizvodnje grupe
FN panela s proizvodnjom energije FN parka na
bazi 10-minutnih podataka. Ova metoda pruza re-
alnu procjenu, buduci da su razni gubici stavljeni
u medusobnu vezu i izravno povezani sa stvarnom
trenutnom proizvodnjom energije FN panela i FN
parka.

Kumakis,E., Kalykakis, S., P: lou, T. M., Rad fi

kog parka.....,

The methodology followed to analytically calculate
the various losses of the PV Park can be described
as follows: The in-plane solar radiation, the ambi-
ent daytime temperature, the array DC power and
the park AC output power are averaged with a 10
minutes frequency during a typical day per month.
The nominal instantaneous array DC power per 10
minutes and the total array annual output energy
are calculated using the solar radiation data and
the technical specifications of the photovoltaic
panels used. Then, the real array output power is
simulated gradually adding various losses of the
array; the degradation modulus, the temperature
and the soiling losses. The same routine is fol-
lowed for the calculation of the interconnection,
inverter and transformer losses by correlating the
real array power output with the PV Park power
output with a 10 minutes frequency. This method
gives a realistic estimate, since the various losses
are interrelated and directly linked with the in-
stantaneous real power output of the PV panels
and the PV Park.
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Ucinkovitost jednog FN panela ovisi o radnoj tem-
peraturi i energijskoj gustoéi sunceva zracenja.
Kako se povecava temperatura FN panela,
ucinkovitost se linearno smanjuje, buduéi da se
vréna snaga FN panela odnosi na SIU uvjete. U
razli¢itim temperaturama izlazna snaga FN pan-
ela ovisi o razlici temperature panela i SIU tem-
perature (T, — T,,) te o energijskoj gustoci (G)
vjerojatnog sunceva zracenja. Na slici 5 prikazani
su radna temperatura FN modula i temperatura
okolne mjerene u satima izmedu izlaska i zalaska
Sunca kroz promatrano razdoblje.

[°e]

The efficiency of a PV panel depends on the op-
eration temperature and the power density of the
solar radiation. As the temperature of the PV pan-
els increases, the efficiency decreases linearly,
since the peak power of the PV panels refers to
STC conditions. In different temperatures, the out-
put power of the PV panels depends on the differ-
ence between the panel temperature and the STC
temperature (7. — T, ) and on the power density
(G) of the incident solar radiation. The PV module
monthly operating temperature and the ambient
temperature measured during daylight hours over
the monitored period are shown in Figure 5.
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Slika 5 — Mjesecno prosjecna satna temperatura zraka okoline i temperatura FN modula mjerena u satima od izlaska do zalaska
Suncaza 2007.

Figure 5

Ljeti je mjesecno prosjecna satna temperatura FN
modulavariralaizmmedu 22 °Ci31 °C, dok se ambi-
jentalna temperatura kretala izmedu 13 °Ci 18 °C.
Zimi je prosje¢na satna temperatura FN modula
varirala izmedu 10 °C i 12 °C, dok se ambijentalna
temperatura kretala izmedu 6 °Ci 8 °C.

Koeficijent temperaturnih gubitaka (3, ) moze se
izracunati kao:

Monthly average hourly ambient air and FN module temperature measured during daylight hours for 2007

In summer, the monthly average hourly PV mod-
ule temperature varied within 22 °C do 31 °C, and
the ambient temperature ranged between 13 °C
and 18° C. In winter, the average hourly PV module
temperature varied from 10 °C to 12 °C, and the am-
bient temperature ranged between 6 °C and 8 °C.

The temperature losses coefficient (7, ) can be
calculated as:

Mew =1+ B (T, -25), (8)

gdje je:
£ —temperaturni faktor FN panela,

T.—temperatura solarne Celije,
T, —temperatura zraka

Kumakis,E., Kalykakis, S., P:

where;

S —the temperature factor of the PV panel,
T.— PV cell temperature,
T, —the air temperature,
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Temperatura solarne Celije (7,) u korelaciji je s
temperaturom zraka (7,) kako slijedi:

T=T,+"—
NOCT
gdje je:
Tiocr — NOMinalna radna Femperatura c'e[i.jle i
G - energetska gustoca u odredeno vrijeme,
G\ ocr — €nergetska gustoca pri nominalnoj radnoj

temperaturi Celije

Koeficijenti temperaturnih gubitaka izracunati su
na temelju 10-minutnih podatala i godisnji gubici
zbrojeni su na 7,12 %.

U uvjetima neprekidnog rada FN paneli napos-
ljetku postanu pokriveni tankim slojem prljavstine
i prasine, ¢ime se smanjuje koli¢ina svjetla Sto
dospijeva do svake Celije. Koli¢ina gubitka snage
zbog takva oneciscenja (1) ovisi o vrsti prasine
(lokalne poljoprivredne djelatnosti), duzini vreme-
na proteklog od zadnje kise i o programu ciScenja
i odrZavanja. Za konkretni FN park, mjesecni
koeficijenti empiricki su procijenjeni na temelju
studije PVUSA [7] i podataka o padalinama na licu
mjesta. Gubici od oneciscenja iznosili su 4 % do 5 %
u zimskom i 6 % do 7 % u |jetnom razdoblju, Sto je

rezultiralo godisnjim gubicima od 5,86 %.

Kad su se temperaturni gubici i gubici od
oneciscenja dodali nominalnoj proizvodnji energi-
je bez gubitka:

primijeceno je neslaganje od 5 % u usporedbi sa
stvarnom zabiljeZenom izlaznom snagom. To se
neslaganje mozZe pripisati gubicima od degradaci-
je FN panela () tijekom starenja, bududi da je
FN park u punom pogonu od 2002. godine. To se
u potpunosti slaze s eksperimentalnim studijama
kao i s izjavama i jamstvima proizvodaca, time $to
prve energetske deklaracije navode 5 % uz maksi-
malni vijek trajanja od 20 % [8].

Gubicipretvorbeinvertera[pretvaranjeistosmjerne
struje (DC) u izmjeni¢nu struju (AC)] odredeni su
na temelju 10-minutnih podataka oduzimanjem
izlazne DC snage grupe FN panela od izlazne AC
snage te normaliziranjem gubitaka od DC oZi¢enja
i meduspoja (1, = 6 %) i gubitka transformatora
(n, =2 %).

Kumakis,E., Kalykakis, S., P: lou, T. M., Rad fi

kog parka.....,

G
(TNOCT - 20): T, +%

The PV cell temperature (T,) is correlated with the
air temperature (7,) as follows:

(TNOCT _20) 9
where:

T oer — the nominal temperature operational cell
temperature and

G - the power density at the particular time,
G ocr — thepowerdensityatthenominaltemperature

operational cell temperature

The temperature losses coefficients were calcu-
lated with a 10 minutes frequency and the annual
losses were summed to 7,12 %.

The PV panels under continuous operation even-
tually become covered with a fine layer of dirt and
dust, decreasing the amount of light reaching each
cell. The amount of power loss due to soiling ()
depends on the type of dust (local agricultural ac-
tivities), the length of time since the last rainfall and
the cleaning maintenance schedule. For the spe-
cific PV Park, the monthly coefficients were empiri-
cally estimated based on the PVUSA study [7] and
the rainfall data of the site. The soiling losses were
4 % to 5 % during the winter and 6 % to 7 % during
the summer period, resulting in annual losses at
5,86 %.

By adding the temperature and soiling losses to the
nominal array power output without losses:

a 5 % mismatch compared with the real recorded
output power was observed. This mismatch can
be attributed to the PV panel degradation losses
(”deg) during ageing, as the PV Park has been in
full operation since 2002. This is in full agreement
with experimental studies and manufacturers
declarations and warranties, whereas the initial
power declarations lie at 5 % with a lifetime maxi-
mum of 20 % [8].

The inverter [direct current (DC) to the alternating
current (AC)l conversion losses were calculated
with a 10 minutes frequency by subtracting the ar-
ray DC output power from the AC output power,
and by normalizing the DC wiring & interconnec-
tion losses (17, = 6 %), and the transformer losses
(1, =2 %).
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Prema tome, izracunati gubici invertera (, )
zbrojeni su na 7,84 %. Konacno, gubici od
mijesecne raspolozivosti i prikljuivanja naciona-
lne mreze ( pc) izracunati su kao omjer prodane

energije PPC-u podijeljene ukupnom izlaznom AC
energijom parka, kako je prikazano na slici 6.

Therefore, the calculated inverter losses (5. ) are

summed to 7,84 %. Finally, the monthly avénivlabil—
ity and national grid connections losses (i, ) were
calculated as the ratio of energy sold to the PPC
divided by the AC overall output energy of the park,

and are shown in Figure 6.
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Slika 6 — Mjesecna izlazna energija FN parka, mjesecna energija prodana PPC-u, i koeficijent gubitaka od raspoloZivosti i
prikljucivanja nacionalne mreze (1,,.)
Figure 6 — Monthly FN Park output energy, monthly sold energy to PPC, and availability and national grid connections losses
coefficient (i7,,.)

Gubici od neraspolozivosti mreZe i prikljucka (#,,.)
kre¢u se od 0,3 % (listopad i studeni) do 19,9 %
(ozujak), uz godisnji prosjek od 4,54 %. Gubici su
vrlo niski (<1 %) u veljadi, travnju, rujnu, listopadu
i prosincu, rastu od svibnja do srpnja, dok su za
sijecanj i oZujak krajnje visoki. Za sada se ti podaci
ne mogu objasniti, jer nema podataka za razdoblja
mirovanja mreze. Medutim, moZe se pretpostaviti
da u sijecnju i ozujku ima znacajno razdoblje kada
mreza odbacuje energiju iz parka. Ovo je znacajna
karakteristika ako se uzme u obzir da je autonom-
ni elektroenergetski sustav Krete najvedi sustav
u Grckoj s najviSom nacionalnom stopom rasta
potraznje za elektroenergijom [2].

Razni godisnji gubici FN parka mogu se sabrati u
Sankeyevu dijagramu na slici 7.

The availability and grid connection losses (#,,.)
range from 0,3 % (October and November) to
19,9 % (March), with an annual average of 4,54 %.
The losses are very low (<1 %) in February, April,
September, October and December, there is an
increase from May until July, whereas for Janu-
ary and March the losses are extremely high. The
data cannot be explained at present, since there
are no available data for the grid off periods. Nev-
ertheless, it can be postulated that in January and
March, there is a significant period, where the grid
rejects the power input from the park. This is an
important feature, taking into account that Crete’s
autonomous electrical system is the largest one
in Greece with the highest rate of increase nation-
wide in energy and power demand [2].

The various annual losses of the PV Park can be
summarized in the Sankey diagram of Figure 7.
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1 984 kWhim?

Globalno zraéenje u plohi/

In plane global iradiance

1984 kWhim®.1 142 m*®

Efektivno zratenje na PV panelima / Eflective madiance on PV panels

Uginkovitostu SCT-u / Efficlency at SCT = 15% PV konverzia/ PV conversion

323 MWh

Nominalna energia grupe PV panela (u SCT-u)/

Array nominal energy (atSTC)

5% Gubkiod PV degradacie / P\ degradation losses

7,12% Temperatumigubici/ Temperature losses

586% Gubiciod cnefiiéenja/ Soling losses

265,5 MWh

Energija grupe PV panela / PV array energy

6% Unutamjigubicimreie /intemalnet

T84% Gubkiinvereraliny

2% Gubicitransformatora / Transformer losses

454% Gubiciraspoloiivostii prikljuéenja na mredu / Availabiuty & gnd conne

229 MWh

Energija isporuéena PPC [ Delivered energy to PPC

Slika 7 — Sankeyev dijagram proracunatih gubitaka u FN parku; parametri u podebljanom fontu izvedeni su iz stvarnih mjerenja u
okviru analize neobradenih podataka
Figure 7 — Sankey diagram of estimated losses in the FN Park, the parameters in bold are derived from the real measurements raw

data analysis

ZAKLJUCCI

Prezentirano je prvo dugorocno pracenje i analiza
rada jednog FN sustava prikljuenog na mrezu
na otoku Kreti. Moguce je donijeti sljedele
zakljucke:

— prosjecna godisnja proizvodnja energije FN
parka u 2007. godini iznosi 1 337 kWh/kWp,

— prosjeéni godisnji stupanj djelovanja parka
iznosi 67,36 %,

— prosjecni godisnji faktor angazirane snage
iznosi 15,26 %.

Zaklju¢ci u ovom prikazu, u svjetlu nedavno na-
javljenog plana instaliranja fotonaponskog parka
snage 50 MW u megalopolisu Gréke, od velikog su
znacaja.

Ki kis,E., Kalykakis, S., P 1

T. M., Rad fi

CONCLUSIONS

The first long term monitoring and performance
analysis of a grid connected PV system in the island
of Crete has been investigated. The following con-
clusions can be drawn:

— average annual PV Park energy output in 2007
is 1337 kWh/kWp,

— average annual performance ratio of the park
is 67,36 %,

— the average annual capacity factor is 15,26 %.

The conclusions herein, in view of the recently an-
nounced plan to install a 50 MW photovoltaic park
in Megalopolis Greece, are of great importance.
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