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Grid-Connected System: Simulation parameters

Project :
Geographical Site
Situation

Time defined as

Meteo data:

Ilan Ramon School

Kfar Saba - llan Ramon

Latitude
Legal Time
Albedo

Kfar Saba - llan Ramon

Country
32.18°N Longitude
Time zone UT+2 Altitude
0.20

Israel

3491°E
50 m

Meteonorm 7.2 (1990-2004), Sat=100% - Synthetic

Simulation variant :

New simulation variant

Simulation date
Simulation for the

06/04/20 23h28
10th year of operation

Simulation parameters
Collector Plane Orientation

Sheds configuration

Shading limit angle

Models used
Horizon
Near Shadings

User's needs :

System type
Tilt

Nb. of sheds
Sheds spacing
Limit profile angle

Transposition

Free Horizon

Linear shadings
Unlimited load (grid)

Tables on a building

18° Azimuth
59

3.13m Collector width
40.3° Ground cov. Ratio (GCR)
Perez Diffuse

-8°

2.38m
76.0 %

Perez, Meteonorm

PV Arrays Characteristics (8 kinds of array defined)

PV module Si-mono Model JAM72S10-405/MR
Custom parameters definition Manufacturer JA Solar
SolarEdge Power Optimizer Model P850 Unit Nom. Power 850 W
PV modules on one optimizer in series 2 in parallel 1
Sub-array "Sub-array #1" In series 15 In parallel 3 strings
Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp
Array global power Nominal (STC) 36.5 kWp At operating cond.  33.3 kWp (50°C)
Output of optimizers Uoper 750V | at Poper 44 A
Sub-array "Sub-array #2" In series 15 In parallel 3 strings
Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp
Array global power Nominal (STC) 36.5 kWp At operating cond. 33.3 kWp (50°C)
Output of optimizers Uoper 750V | at Poper 44 A
Sub-array "Sub-array #3" In series 15 In parallel 3 strings
Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp
Array global power Nominal (STC) 36.5 kWp At operating cond. 33.3 kWp (50°C)
Output of optimizers Uoper 750V | at Poper 44 A
Sub-array "Sub-array #4" In series 15 In parallel 3 strings
Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp
Array global power Nominal (STC) 36.5 kWp At operating cond. 33.3 kWp (50°C)
Output of optimizers Uoper 750V | at Poper 44 A
Sub-array "Sub-array #5" In series 15 In parallel 3 strings
Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp
Array global power Nominal (STC) 36.5 kWp At operating cond. 33.3 kWp (50°C)
Output of optimizers Uoper 750V | at Poper 44 A
Sub-array "Sub-array #6" In series 15 In parallel 3 strings
Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp
Array global power Nominal (STC) 36.5 kWp At operating cond. 33.3 kWp (50°C)
Output of optimizers Uoper 750V | at Poper 44 A
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Grid-Connected System: Simulation parameters

Thermal Loss factor
Wiring Ohmic Loss

Uc (const)

Array#1
Array#2
Array#3
Array#4
Array#5
Array#6
Array#7
Array#8

Global

20.0 W/im2K

231 mOhm
231 mOhm
231 mOhm
231 mOhm
231 mOhm
231 mOhm
231 mOhm
231 mOhm

Uv (wind)

Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction

Sub-array "Sub-array #7" In series 15 In parallel 3 strings

Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp

Array global power Nominal (STC) 36.5 kWp At operating cond. 33.3 kWp (50°C)

Output of optimizers Uoper 750V | at Poper 44 A

Sub-array "Sub-array #8" In series 15 In parallel 3 strings

Total number of PV modules Nb. modules 90 Unit Nom. Power 405 Wp

Array global power Nominal (STC) 36.5 kWp At operating cond. 33.3 kWp (50°C)

Output of optimizers Uoper 750V | at Poper 44 A

Total  Arrays global power Nominal (STC) 292 kWp Total 720 modules

Module area 1445 m?2 Cellarea 1298 m2
Inverter Model SE25K
Original PVsyst database Manufacturer SolarEdge

Characteristics Operating Voltage 750 V Unit Nom. Power 25.0 kWac

Sub-array "Sub-array #1" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Sub-array "Sub-array #2" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Sub-array "Sub-array #3" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Sub-array "Sub-array #4" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Sub-array "Sub-array #5" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Sub-array "Sub-array #6" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Sub-array "Sub-array #7" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Sub-array "Sub-array #8" Nb. of inverters 1 units Total Power 25 kWac
Pnom ratio 1.46

Total Nb. of inverters 8 Total Power 200 kWac

Physical inverters

SE25K 1 units, 3 strings 3 strings of 15 optimizers P850

SE25K 1 units, 3 strings 2 * 15 and 1 * 15 optimizers P850

SE25K 1 units, 3 strings  1*15, 1*15, 1*15, opt. P850

SE25K 1 units, 3 strings  1*15, 1*15, 1*15, opt. P850

SE25K 1 units, 3 strings  1*15, 1*15, 1*15, opt. P850

SE25K 1 units, 3 strings  1*15, 1*15, 1*15, opt. P850

SE25K 1 units, 3 strings  1*15, 1*15, 1*15, opt. P850

SE25K 1 units, 3 strings 1 * 15 and 2 * 15 optimizers P850

PV Array loss factors

Array Soiling Losses Loss Fraction 4.0 %

0.0 W/im2K / m/s

1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC

PVsyst Licensed to SolarPower Ltd (Israel)
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LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses

Module average degradation

Yearno 10

Grid-Connected System: Simulation parameters

Loss Fraction
Loss Fraction
Loss Fraction

Loss factor

20 %
-0.3 %

0.0 % (fixed voltage)

0.5 %lyear

Unavailability of the system

7.3 days, 3 periods

Time fraction

20%

Mismatch due to degradation Imp RMS dispersion 0 %l/year Vmp RMS dispersion 0 %/year
Incidence effect (IAM): User defined IAM profile
0° 30° 50° 60° 70° 80° 90°
1.000 1.000 1.000 1.000 0.950 0.760 0.000
System loss factors
Wires: 3x240.0 mm2 55 m Loss Fraction 0.8 % at STC

PVsyst Licensed to SolarPower Ltd (Israel)
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Grid-Connected System: Near shading definition

Project : llan Ramon School

Simulation variant : New simulation variant
Simulation for the 10th year of operation

Main system parameters System type Tables on a building

Near Shadings Linear shadings

PV Field Orientation tilt 18° azimuth -8°

PV modules Model JAM72S10-405/MR Pnom 405 Wp

PV Array Nb. of modules 720 Pnom total 292 kWp
Inverter Model SE25K Pnom 25.00 kW ac
Inverter pack Nb. of units 8.0 Pnom total 200 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Zenith

East

Iso-shadings diagram
llan Ramon School

% Beam shading factor (linear calculation) : Iso-shadings curves
T T T T T T T T T T T T

T
| aeeemme Shading loss: 1 % Attenuation for diffuse: 0.043
weeee Shading loss: 5 % and albedo: 8680 12h

1: 22 june
2:22 may - 23 july]
3:20 apr - 23 aug
4: 20 mar - 23 sep |
5: 21 feb - 23 oct
6: 19 jan - 22 nov
7: 22 december |

75 |~emmeme Shading loss: 20 %
ee=eee. Shading loss: 4970

60

45

Sun height [[]]

30

N L L {
-120 -90 -60 -30 0 30 60 90 120
Azimuth [[°]]
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User's needs

Unlimited load (grid)

PVSYST V6.76 Israelse Ltd (Israel) 06/04/20 Page 5/7
Grid-Connected System: Main results
Project : llan Ramon School
Simulation variant : New simulation variant
Simulation for the 10th year of operation
Main system parameters System type Tables on a building
Near Shadings Linear shadings
PV Field Orientation tilt 18° azimuth -8°
PV modules Model JAM72S10-405/MR Pnom 405 Wp
PV Array Nb. of modules 720 Pnom total 292 kWp
Inverter Model SE25K Pnom 25.00 kW ac
Inverter pack Nb. of units 8.0 Pnom total 200 kW ac

Main simulation results
System Production

Produced Energy
Performance Ratio PR

474.8 MWhl/year

73.58 %

Specific prod. 1628 kWh/kWpl/year

Normalized productions (per installed kWp):

Nominal power 292 kWp

10 T T T T T T T
Lc : Collection Loss (PV-array losses)
Ls : System Loss (inverter, ...)

Normalized Energy [kWh/kWp/day]

Yf : Produced useful energy (inverter output)

1.38 kWh/kWp/day
0.22 kWh/kWp/day
4.46 KWh/kWp/day

Performance Ratio PR

]

performance Ratio PR

PR : Performance Ratio (Yf/Yr): 0.736

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec
New simulation variant
Balances and main results
GlobHor DiffHor T_Amb Globlinc GlobEff EArray E_Grid PR
kWh/m?2 kWh/m2 °C kwWh/m?2 kWh/m?2 Mwh MwWh

January 92.1 35.99 13.02 121.6 111.1 28.81 28.14 0.794
February 110.9 45.77 13.71 136.2 125.7 32.33 31.58 0.795
March 159.8 54.25 16.34 181.7 169.1 41.71 40.72 0.769
April 190.1 65.73 19.21 200.9 187.0 45.30 40.79 0.696
May 2329 64.97 22.41 230.4 2145 51.18 49.96 0.743
June 241.8 59.17 25.05 233.0 217.0 51.31 50.08 0.737
July 243.7 62.73 27.63 237.6 221.3 52.05 47.39 0.684
August 224.7 57.72 27.93 231.4 216.1 50.65 44.45 0.659
September 186.5 44.74 26.06 207.3 193.7 45.39 44.31 0.733
October 149.5 43.91 23.67 182.4 169.4 41.37 40.40 0.760
November 104.9 37.63 18.89 136.3 125.4 31.57 30.85 0.776
December 84.8 36.31 15.08 1141 103.6 26.77 26.16 0.786
Year 2021.7 608.91 20.79 2212.9 2053.8 498.45 474.82 0.736
Legends:  GlobHor Horizontal global irradiation GlobEff Effective Global, corr. for IAM and shadings

DiffHor Horizontal diffuse irradiation EArray Effective energy at the output of the array

T_Amb Ambient Temperature E_Grid Energy injected into grid

Globinc Global incident in coll. plane PR Performance Ratio

PVsyst Licensed to SolarPower Ltd (Israel)
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Project :

Simulation variant :

Grid-Connected System: Loss diagram

Ilan Ramon School

New simulation variant

Simulation for the 10th year of operation

Near Shadings

PV modules
PV Array
Inverter
Inverter pack
User's needs

Main system parameters

PV Field Orientation

System type Tables on a building

Linear shadings
tilt 18° azimuth -8°
Model JAM72S10-405/MR Pnom 405 Wp
Nb. of modules 720 Pnom total 292 kWp
Model SE25K Pnom 25.00 kW ac
Nb. of units 8.0 Pnom total 200 kW ac

Unlimited load (grid)

2022 kWh/m?

Loss diagram over the whole year

+9.5%

-0.1%
-2.3%
-0.9%
-4.0%

2054 kWh/m? * 1445 m? coll.

efficiency at STC = 20.22%

600 MWh

504 MWh

489 MWh

475 MWh

N 0.0%

0.0%
0.0%
0.0%

-2.4%
-0.4%

Horizontal global irradiation
Global incident in coll. plane

Global incident below threshold
Near Shadings: irradiance loss
IAM factor on global

Soiling loss factor

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #10)

PV loss due to irradiance level
PV loss due to temperature

Optimizer efficiency loss
Module quality loss

LID - Light induced degradation
Module array mismatch loss
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)

Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

System unavailability

AC ohmic loss
Energy injected into grid

PVsyst Licensed to SolarPower Ltd (Israel)




User's needs

Unlimited load (grid)

PVSYST V6.76 Israelse Ltd (Israel) 06/04/20 Page 7/7
Grid-Connected System: P50 - P90 evaluation
Project : llan Ramon School
Simulation variant : New simulation variant
Simulation for the 10th year of operation
Main system parameters System type Tables on a building
Near Shadings Linear shadings
PV Field Orientation tilt 18° azimuth -8°
PV modules Model JAM72S10-405/MR Pnom 405 Wp
PV Array Nb. of modules 720 Pnom total 292 kWp
Inverter Model SE25K Pnom 25.00 kW ac
Inverter pack Nb. of units 8.0 Pnom total 200 kW ac

Evaluation of the Production probability forecast

Meteo data source

Meteo data Kind
Specified Deviation Climate change
Year-to-year variability Variance

Specified Deviation PV module modelling/parameters
Inverter efficiency uncertainty
Soiling and mismatch uncertainties
Degradation uncertainty

Global variability (meteo + system) Variance
Annual production probability Variability
P50

P90

P95

050 T T T T

The probability distribution of the system production forecast for different years is mainly dependent
on the meteo data used for the simulation, and depends on the following choices:

Meteonorm 7.2 (1990-2004), Sat=100%

Monthly averages Synthetic Multi-year average
0.0 %

25 %

The probability distribution variance is also depending on some system parameters uncertainties

1.0 %
0.5 %
1.0 %
1.0 %
3.1 % (quadratic sum)
14.6 MWh
474.8 MWh
456.1 MWh
450.8 MWh

Probability distribution

045 F
040 F
035 F
030
02

Probability

020
015 F
o0
0.05

0.00 E =

P90 = 456 MWh

P95 = 451 MWh

P50 = 475 MWh

420 440 460

480 500 520

E_Grid system production MWh
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XY nXx710 DX

DN N'¥XNNY7 Tn

g

IBDO sl X710 7nwn iy 291.6 KWP n710 ndayn framin n"wa D'INITA D'ATH N'THhN
— n'737 NINT> Nj7'12
10 9 8 7 6 5 4 3 2 1 nmvy
204,203 205,229 206,260 207,297 208,339 209,386 210,438 211,495 212,558 213,626 o'712pn
D'oVIY D'I7UN
204,203 205,229 206,260 207,297 208,339 209,386 210,438 211,495 212,558 213,626 NOVIY NI'7'YyOn D'IMITN
-1,078,920 nypwn
204,203 205,229 206,260 207,297 208,339 209,386 210,438 211,495 212,558 -865,294 NIYPYN 1NXKY? DINItT
863,136 NNNTN
-1,606 -4,511 -7,330 -10,066 -12,721 -15,298 -17,799 -20,225 -22,581 -24,866 n'an 'miun
-98,408 -95,503 -92,684 -89,948 -87,293 -84,716 -82,215 -79,789 -77,433 -75,148 NXI7N NN
-100,014 -100,014 -100,014 -100,014 -100,014 -100,014 -100,014 -100,014 -100,014 763,122 |n' 'yon 101 DINITN
104,189 105,215 106,246 107,283 108,325 109,372 110,424 111,481 112,544 -102,172 DIt nnt
873 769 664 557 450 342 232 122 10 -102 'N -NN20VXN AN
21 20 19 18 17 16 15 14 13 12 11 nv

193,248 194,220 195,196 196,176 197,162 198,153 199,149 200,149 201,155 202,166 203,182 o'712pn
D'SLIV D'NI7YUN
193,248 194,220 195,196 196,176 197,162 198,153 199,149 200,149 201,155 202,166 203,182 NOVIY NI'7'YSN DINITN
nypwn
193,248 194,220 195,196 196,176 197,162 198,153 199,149 200,149 201,155 202,166 203,182 NIYPYN 1NXKY? DNt
N'2M - [IN'A NIRXIN
ANITD TNN
[In'™ NI7'yon 101 D"INITN
193,248 194,220 195,196 196,176 197,162 198,153 199,149 200,149 201,155 202,166 203,182 D'INITA NON'
3,053 2,860 2,665 2,470 2,274 2,077 1,879 1,680 1,479 1,278 1,076 "N -NN2VXN AN

@ [0nima nxnnY itn

[ 7.0% NPV 1,481 ' mw 25 -1"y
1 IRR 109% 9"nw
117%  'mxyn [In7 AXIYUN




