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1 PREMESSA

La stima della producibilita € stata calcolata con il programma PVsyst V7.2.8 ed e
stata condotta per i due casi di impianto su inseguitori solari mono assiali Trackers e
per moduli su postazione fissa:

Caso A: moduli su trackers P= 31,35 MWp;

Caso B: moduli su postazioni fisse, P= 2,746 MW;

La producibilita complessiva e risultata, come dai rapporti seguenti pari a:
E= 55.575 MWh/anno

di cui:
su trackers E= 51.680,00 MWh/anno
si fisse= E= 3.895,00 MWh/anno
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2. CASO A: MODULI SU TRACKERS

PVsyst - Simulation report

Grid-Connected System

Project: Copparo
Variant: Copparo_Expected_TS600W (8.77M 4HF, 5m 1VT) 34MWp - 1648 (sin
backtracking) TRACKER
Tracking system
System power: 31.35 MWp
Copparo — ltaly

Project summary

Geographical Site Situation Project settings
Copparo Latitude 44 08 "N Albedo 0.20
Ialy Longitude 11.01 *E

Altitude 15m

Time zone UTC+1
Meteo data
Copparo

SolarGIS Monthly aver. , period not spec. - Synthetic

System summary

Grid-Connected System Tracking system

FV Field Orientation Near Shadings User's needs

Tracking plane, horizontal N-5 axis Linear shadings Unlimited load {grid)

Axis azimuth D*

System information

PV Array Inverters

MNb. of modules 52256 units Nb. of units 130 units

Priom total 31.35 MWp Prom total 26.00 MWac
Gnd power lmit 27.00 MVA
Grid lim. Pnom ratio 1.181

Results summary

Produced Energy 51680 MWhiyear Specific production 1848 kWh'kWpiyear Peri Ratio PR 8204 %
Apparent energy 51680 MVAh

Table of contents

Project and results summary
General parameters, PV Array Characteristics, System losses
MNear shading definition - Iso-shadings diagram
Main results
Loss dagram
Special graphs
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Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 15% Module temperature according 1o imadiance Global amray res. 0.29 m{
Uc (const) 30.0 WimPK Loss Fraction 0.7 % at STC
Uv wind) 1.2 Wim™im/s
LID - Light iInduced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 15% Loss Fraction 08 % Loss Fraction 1.0 % at MPP
Strings Mismatch loss
Loss Fraction 01%
IAM loss factor
Incsdence effect (LAM): User defined profie
i 40¢ 50° g60* To* 75" 80* 85* an*
1.000 1.000 0208 0082 0.983 0.881 0.833 0.853 0.000

Auxiliaries loss

Proportionnal to Power 40 Wikw
20.0 kW from Power thresh.
Night aux. cons. 5.00 kW

System losses

Inv. output line up to MY transfo
Inverter voltage

Loss Fraction

Inverter: SUN2000-215KTL-H3

Wire section (130 Inv.)

AC wiring losses

800 Vac tni
1.70 % at STC

Copper 130 x 3 x 70 mm*

Average wires length 171m

MYV line up to Injection

MV Voltage 30 kv

‘Wires Alu 3 x 1200 mm®

Length 24550 m

Loss Fraction 220 % at STC
AC losses in transformers

MV transfo

Grid voltage 30 kV

Operating losses at STC

MNominal power at STC 30778 kVA

Iron loss (24/24 Connexion) 46.16 kW

Less Fraction 0.15 % at 5TC

Coils equivalent ressstance Ax0.34 mO

Loss Fraction 1.85 % at STC

IMPIANTO EG DAFNE
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Near shadings parameter

Perspective of the PV-field and surrounding shading scene
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Iso-shadings diagram
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Main results
System Production
Produced Energy 51680 MWh/year Specific production 1648 kWh/kWp/year
Apparent energy 51680 MVAhK Performance Ratio PR 8284 %
Normalized productions (per installed kWp) Performance Ratio PR
L ] 1] L] ] 1] 1 ] 1] 1] ] 1 ] 1] ] 1] L] ] 1] L] ]
Lt Cobecton Loss (PY-aray Deses) 084 WAy - PR Perossancs Ratic (Y1) ¥r), 0629

w2 L. Sipmtwsrm Loss grvessitr, | 029 Wiy
5 ¥ Produced usehd energy (Inverter oulpul) £.52 EBWhXWpiday
3 E
i

Jan  Feb  Mar  Apr . May Jun  Ju . Ay Bap : Ot MNov Dac Jan Feb Mar Apr May Jun  Jul Aug Sep O Nov Dee
Balances and main results
GlobHor DiffHor T_Amb Globlne GlobEff EArmray E_Grid PR
kWh/m* kWhim?* “C kWhim* kWh/m? MWh MWh rato

January 418 2250 380 503 50.7 1683 1587 0.642
February 641 2050 550 1@ B1.4 2638 2497 0.887
March 1158 4870 10.10 1833 148.1 4813 4348 0848
Apnl 1424 62.10 1420 1922 176.1 8477 5142 0.854
May 185.9 70.20 12.20 2578 2352 Ti52 6723 0.832
June 200.3 B2.70 23.50 72 250 4 471 7000 0.824
July 215.3 77.30 25.00 2083 2745 8081 7572 0.810
August 181.2 68.20 25.30 254 3 2323 6820 B487 o811
September 128.5 54.30 20.30 1774 1680.5 4869 4578 0.823
October 781 4040 15.10 1088 B85 3018 2848 0.835
November 430 23.70 RED 81.0 532 1707 16802 0.841
December M4 18.70 430 51.0 43.1 1403 1320 0.811
Year 14318 608.30 1478 1887 .3 17808 54080 51680 0828
Legends
GlobHor  Global horizontal irradiation EArmay Effective energy at the output of the array
DiffHor Horzontal diffuse sradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globlnc Global incident in coll. plane
GlobEff  Effective Global, com. for 1AM and shadings
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Loss diagram
1432 KW Global horizontal irradiation
«~38.5% Global Incident In coll. plans
-H14% Mear Shatings” madiance 068
L21% 1AM factor on glabal
-1.50% Soiling loss factor
A +0.31% Ground reflection on front side

-54.41% (0.16 Gna. albedo)
Ground reflection loss

-65.57% View Facior for rear sige

+3872% Sky dffuse on the rear skde
+0.00% Beam effective on the rear side

-10.00% Shadings 1065 o rear sige

5.80% Global Imadiance on rear side (104 kW)

1800 KWhim™ * 147831 m* coll. Effective imadiation on collectors

emciency 3 STC = 21.22% PV conversion, BItaciaity factor = 0.70

S8TT2 MW Array nominal snergy (at STC efMc.)
PV 1085 Oue 10 Imaiance level

P\ loss due 10 lemperatune

Mioduie qualty ioss

LD - Light Induced degradation
Mismatch 1066, modules and siings
Mismatch for back ITadiance

DOhemic wiring lpss.

Array virtual energy at MPP
Inwerier Loss during operation (eMclency)
Inverier Lo66 ower nominal Iny. power
Imverier LosE oue 10 man. Input cument
Inwerier Loss ower nominal Inv. woltage
Imwerier Loss due to power threshold
Imwerter Loss due to voltage threshold
Night consumption
Avallable Energy at inverter Output

Auiliaries (fans, other)
AC ohmic loss

Medlum vollage transt loss
MV Ine ohmic 1066
Active Energy Injected Into gria

0 MVAR Reactve energy to the grid: Aver. cos{phi) = 1.000
51680 MVA Apparsnt energy to the grid
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Daily Input/Output diagram
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2. CASO B: MODULI SU POSTAZIONI FISSE

PVsyst - Simulation report

Grid-Connected System
Project: Copparo
Variant: Copparo_Expected_TS600W (8.77M 4HF, 5m 1VT) 34MWp - 1419 FIXED
Sheds system
System power: 2746 kWp
Copparo - Italy

Project summary

Geographical Site Situation Project settings
Copparo Latitude 4496 °N Albedo 0.20
Italy Longitude 11.01 "E
Altitude 15m
Time zone UTC+1
Meteo data
Copparo
SolarGIS Monthly aver. , period not spec. - Synthetic
System summary
Grid-Connected System Sheds system
PV Field Orientation Near Shadings User's needs
Fixed plane According to strings Unlimited load (grid)
Tilt/Azimuth 25/0° Electrical effect 80 %
System information
PV Amray Inverters
Nb. of modules 4576 units Nb. of units 11 units
Pnom total 2746 KWp Pnom total 2200 kWac
Pnom ratio 1.248
Results summary
Produced Energy 3895 MWh/year Specific production 1419 kWh/kWp/year Perf. Ratio PR 85.80 %
Apparent energy 3895 MVAh
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
Near shading definition - Iso-shadings diagram 5
Main results 6
Loss diagram 7
Special graphs 8
9

P50 - P90 evaluation
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General parameters
Grid-Connected System Sheds system
PV Field Orientation
Orientation Sheds Models used
Fixed plans MNb. of sheds 47 urits Transposition Perez
TiltAzimuth 25/0° Sizes Diffuse Perez, Meteonomn
Sheds spacing B77m Circurnsolar separate
Collector wedth 52T m
Ground Cov. Ratio (GCR)  80.0 %
Shading limit angle
Limit profile angle 201°¢
Horizon Near Shadings User's needs
Free Horizon According to strings Unlimited load (gnd))
Electrical effect BD %
Bifacial system
Mode! 2D Calculation
unlimited sheds
Sheds spacing B7Tm Ground albedo average 0.14
Sheds width 52Tm Bifaciality factor %
Limit profile angle 21" Rear shading factor 10.0 %
GCR 600 % Rear mesmatch loss an%
Height above ground 150 m Shed fransparent fraction 40 %
Monthly ground albedo values
Jan, Feb. Mar. Apr. May June | Juy Aug. Sep. Oct. MNow. Dec. Year
0.11 013 0.14 018 0.16 0.18 D.18 Q17 0.14 012 01 0.1 014
Grid injection point
Power factor
Cosiphi) (leading) 1.000
PV Array Characteristics
PV module Inverter
Manufacturer Trina Solar Manufacturer Huawei Technologies
Wods TSM-300DEG20C.20 Mode! SUN2000-215KTL-H3
{Custom parameters definition) {Custom parameters definition)
Unit Nom. Power 600 Wp Unit Nom. Power 200 kVA
Number of PV modules 4576 units MNumber of mveners 11 umits
Nominal (STC) 2746 kWp Total power 2200 kVA
Modu'es 143 Stings x 32 In sedies Operating woltage 500-1500 vV
At operating cond. (30°C) Max. power (=>33°C) 215 kVA
Pmpp 2513 kWp Pniom ratio (DC-AC) 125
U mpp 1000 v
| mpp 2513 A
Total PV power Total inverter power
Nominal (STC) 2746 kWp Total power 2200 kVA
Total 4576 modules MNb. of nverters 11 units
Moduis area 12051 m* Prnom ratio 125
Cell area 12108 m*

IMPIANTO EG DAFNE
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Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 15% Module temperature according to imadiance Global amray res. 35mQ
Ue [const) 30.0 Wim™K Loss Fraction 0.8 % atSTC
Uv (wind) 1.2 Wim*Kimi's
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 15% Loss Fraction 08 % Loss Fraction 1.0 % at MPP
Strings Mismatch loss
Loss Fraction 0.1%
1AM loss factor
Incadence effect (LAM): User defined profie
o* 40° 50* ao* T0* 75 B0* a5* eo*
1.000 1.000 0288 0882 0.883 0.861 0.833 0.853 0.000
System losses
Auxiliaries loss
Proportionnal to Power 4.0 Wikw
20.0 kW from Power thresh.
Night aux. cons. 5.00 kW

Inv. output line up to MV transfo

AC wiring losses

Inventer voltage 800 Vac tn

Loss Fracton 1.77 % at STC

Inverter: SUN2000-215KTL-H3

Wire section (11 Inv.) Copper 11 x 3 x 70 mm*

Awverage wires length 172 m

MV line up to Injection

MV Voltage 30 kV

Wires Alu 3 x 1200 mm*

Length 20600 m

Loss Fraction 0.18 % at STC
AC losses in transformers

MV transfo

Grd voltage 30 kV

Operating losses at STC

Nominal power at STC 26085 VA

Iron loss (24/24 Connexion) 404 wW

Loss Fraction 0.15 % at STC

Coils equivalent resistance Ix3e2mo

Loss Fraction 1.85 % at STC

STIMA PRODUCIBILITA’
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Near shadings parameter

Perspective of the PV-field and surrounding shading scene
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Main results

System Production
Produced Energy (P50) 3805 MWh/year Specific production (P50) 1410 kWh'kWp/year Performance Ratio PR 8580 %

Produced Energy (P20) 3.80 GWhiyear Specific production (P20) 1385 kWhkWpiyear
Produced Energy (P85) 3.78 GWhiyear Specific production (P25) 1375 kWhkWpiyear

Apparent energy 3805 MVAR
Normalized productions (per installed kWp) Performance Ratio PR
LY ] 1] ] 1] 1 ] 1] ] ] 12 ] 1] ] 1] 1 ] 1] 1 ]
Le Colectan Loss {PY-amay bsses) 042 KA WRday 1.1 - PR Perforsancy Rabo (Y1) ¥r) . 0858
L Siyniein Loss frvwwited, | 022 WWhR iy 1.0 -
B Wi Produced uselul ssergy [merter gutout) 388 WK WRidey n

Perisermmar Mais

Meerrimmd boawrgy | W0 e dkay

Jan Feh  Mar  Agr May  Jun Ju Aug Gap Ot Now  Dec Jan Felh  Mar  Agr May  Jun Ju Aug Gap Dot Mov  Dec

Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEff EArmray E_Gnd PR

kWnh/m* kWhim* *C kWhim* kWh/m* MWh MWh ratio
January 418 2250 380 B854 58.5 144 8 135.1 0.752
February 841 20.50 550 24 B6.6 230.2 2176 0.858
March 1158 4870 10.10 14586 1401 ayrs 3As7.7T 0.8085
Apnl 1424 62.10 14.20 1506 1538 4127 3018 0684
May 1858 78.20 18.20 1628 1858 4928 4682 0885
June 200.3 B2.70 23.50 1807 1025 503.8 4787 0.873
July 2153 77.30 2590 2105 2121 5458 5180 0.881
August 181.2 60.20 25.30 1882 1914 4231 4670 0.860
September 128.5 54.30 20.30 1550 1485 3806 3680 0.867
October 781 4040 15.10 1033 BB.1 258.1 2435 0.858
November 430 23.70 B50 B4 4 57.3 145.5 1358 0.768
December 44 18.70 4720 574 472 110.8 1108 0.704
Year 14310 608.30 14.709 1853.4 15709 41143 3sp4 B 0.858
Legends
GlobHor  Global honzontal iradiation EAmay Effective energy at the output of the array
DiffHor Herzontal diffuse sradiation E_Grid Energy injected into grid
T_Amb Ament Temperature PR Performance Ratio

Globine Global incadent in coll. plane
GlobEff  Effective Global, com. for IAM and shadings
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1571 KW * 12351 m* ol

Global horizontal irradiation
Global Incident in coll. plane

Near Shadings: Imadiance |oss

M -0.45% 1AM factor on giobial
4 -1.50% Sailing loss tactor
A+0.10% Ground refiection on front side

u.ss%{mmmmr i

56 2% ‘View Facior for rear sige
+1262% Sky diffuse on the rear side
+0.51% Beam effective on the rear sde
-10.00% Shadings loss on rear sloe
3.34% Global Imadiance on rear side (62 kK'Whim")
Effective imadiation on collectors

efMcency at STC = 21.22%

PV conversion, Bifaciaiity factor = 0.70

4436 MWN

0 MVAR
3835 MVA

Array nominal snergy (at STC smc.)
PV 1088 Oue 10 Imadiance kevel

P 1085 OUS 10 Smperatme

Shadings: Elecirical Loss acc. 1o sirings
Moduie qualty ioss

LD - Light Induced segradation
Mismatch loss, modules and siings
Mismatch for Dack ITadiance

Dhmic wiring 1oss.

Amray virtual energy at MPP
Inverter LosE ouring operation (efficlency)
Inwerter Loss ower nominal inv. power
Imverter Loss oue 10 man. Input cumment
Inverer LOGE Ower nominal Inv. waltage
Inverter LoSs oue to power threshold
Imverier LosE oue to voltage threshold
Nght consumption
Avallable Energy at Inverter Output

Auxlianes (Tans, other)

AC onmic loss
Medlum voliage ransfo loss

MV Ine ohmic 1088

Active Energy Injectad into grid

Reacive enengy i the grid. Aver. cos(phi) = 1.000
Apparent energy to the grid

IMPIANTO EG DAFNE

STIMA PRODUCIBILITA’

16



O META STUDIO SRL oo enfinity’

Special graphs
Daily Input’Output diagram
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