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Inter-row shading model in SAM

* How was the model developed
* How it works in SAM
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Inter-row shading

How much power is actually lost from inter-row shading?
Can you improve kWh/m? or S/kWh by closer row spacing?

Thakkar 2010 Applebaum 1979
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Shade model developed for SAM

* Requirements of SAM shading model
o Simple, fast (no significant increase in run time)
o Widely applicable (many different module types)
o Applies to large and small installations
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Shade model developed for SAM

* Requirements of SAM shading model
o Simple, fast (no significant increase in run time)
o Widely applicable (many different module types)
o Applies to large and small installations

 Limitations of the model

o Only applies to uniform shading (inter-row
shading, not obstruction shading)

o Approximation, not a full simulation

NATIONAL RENEWABLE ENERGY LABORATORY 5



Overview of inter-row shading model
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Partial Shading Empirical Model
definition

Model validation
< 6% error

*C. Deline et al., “A simplified model of uniform shading in large photovoltaic arrays,”
Solar Energy (in press)
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Empirical shading model

* Takes 4 inputs:
o Number of shaded modules per string S
o Number of shaded strings in the system X
o PV Module Fill Factor FF,
o Shaded irradiance fraction E,= G, +G,/ G,

* In SAM:

o Geometry of system defines hourly shading
o Empirical model determines shading derate
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Example of empirical model output

1r- Kyocera, X= 0.1
e X=0.1 model
5 0.9 Kyocera, X= 0.5
D_m 08- X= 0.5 model
s Kyocera, X=1
ch 0.7+ e X=1 model
g
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£ 05~
n
0.4r
0.3°F

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Fraction of string submodules shaded S

X =0.1: Only a few strings are shaded
X =1: All strings are shaded
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Verification of model vs. full simulation

 Maximum model error, different panels types

o Bigger error for thin-film, low diffuse fraction

Maximum error P P_ -1
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Experimental verification of model

System 2

1] .
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Fraction of string submodules shaded S
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Comparison with prior models
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* Good agreement with PVSyst up to 4% loss, more conservative for higher loss
* Some experiments predict even higher losses from shading
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Comparison with prior models
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* Good agreement with PVSyst up to 4% loss, more conservative for higher loss
* Some experiments predict even higher losses from shading
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Using inter-row shading in SAM

rself Shading Calculator for Ficed Tilt Arrays

[¥]Enable Self-shading Calculator!

rModule

Orientation | Landscape -
Lrnd s pne
Length 1848 m
Width 0.673 m "
Mumber of Cells along Length 12 Larghh Wil
Mumber of Cells along Width & !
Mumber of Bypass Diodes 3 y Lergth =
Characteristics from Module Page
’V Area 1.244 m2 Mumber of cells 72
rArray
String Wiring | Vertical -  Modules  yerical String
R S Rows !
Mumber of Strings along Bottom 1 Side Length 2.019 m
MNumber of Modules along Bottom 2 Row Spacng 5m MNumber of Modules
- along Side,
Mumber of Madules alang Side 3 Mumber of Rows 3 Side Length
Layout from Array Page - Fow Spacing
Modules per String 9 Strings in Parallel 2 Horizontal String  Number of Modules along Botiom
Enable the Self Shading option to model self shading of modules within the array
The self shading model only works when you chose the CEC or Sandia model option on the Module page, and when you choose fixed tracking on the Array
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Step 1: Enter module details

Select Landscape or Portrait orientation

rModule

@[Landmp&

D

Length

Width

Mumber of Cells along Length
Mumber of Cells along Width
Mumber of Bypass Diodes

Characteristics from Module Page

— Forirait Land=somne
1.848 m
0.673 m A
= User Adjustablews Lossases o

0
3

frtmimdrgrd

Area 1.244 m2

Mumber of cells

iz

Details from SAM database
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Step 2: Enter layout details

rArray

Rows r Vertical String
String Wiring |Horizontal i v
Mumber of Strings along Bottom 1 Side Length 0.673 'm b
Modules Along Pz <

Mumber of Modules along Bottom 9 Row Spacing Sm Side of Row m $ ,,;;_ 7 <
Mumber of Modules along Side 1 Mumber of Rows 2 L

Layout from Array Page \

i q — 2 String =
Modules per String Strings in Parallel Ldiiinn Abomg .
Bottom of Row n Row Spacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings
* Vertical strings: Not commonly used in practice
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Step 2: Enter layout details

rArray
Rows r Vertical String
String Wiring [Horizental -
Mumber of Strings along Bottom 1 Side Length 0.673 'm
Modules Along
Mumber of Modules along Eutto@ Row Spacing Sm Side of Row m
Mumber of Modules along Side 1 Mumber of Rows 2
Layout from Array Page Horizont;l \
i q — z String 2 -
Modules per String Strings in Parallel S —y— .
Bottom of Row n Row Spacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings

* Horizontal strings:
 # Modules along bottom =
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Step 2: Enter layout details

rArray
Rowsr Vertical String
String Wiring [Horizental - '
Mumber of Strings along Bottom 1 Side Length 0.673 'm b 7 :
Modules Along A
Mumber of Modules along Eutto@ = Row Spacing Sm Side of Row m u,;.;‘_ 25 A
Mumber of Modules along Side 1 Mumber of Rows 2 :
Layout from Array Page Horizont;l \ ; ;
i < f > — z String — S
Modules per String Strings in Parallel S —y— .
Bottom of Row n Row Spacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings

* Horizontal strings:
e # Modules along bottom = Modules / String *
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Step 2: Enter layout details

rArray

Rows r Vertical String
String Wiring [E-Iorizonml i v
Mumber of Strings along Botto Side Length 0.673 'm b
dJ g o g Modules Along > R
Mumber of Medules along Botto ¢ = Row Spacdng 3 m Side of Row m _4,;;‘_ 2 Af

Mumber of Modules along Side 1 Miimber of Rows 2 L

Layout from Array Page Horizont;l \ ; -

; < i ) k ﬂ i pa String < -~

Modules per String = in Parallel T .
Bottom of Row n Row Spacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings

* Horizontal strings:
* # Modules along bottom = Modules / String * Strings along Bottom
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Step 2: Enter layout details

Vertical String

rArray

B

String Wiring |Horizontal

Mumber of Strings along Bottom 1 Side Length 0.673 m -
Modules Along Ny =
Mumber of Modules along Bottom 9 Row Spacing Sm Side of Row m 4 ,;;‘_ 7 /
Mumber of Rows O : L

Mumber of Modules along Side 1
Layout from Array Page PR : A
i q — z String 2 ~
Modules per String Strings in Parallel Modhales Ak .
Bottom of Row n Row Spacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings

* Horizontal strings:
* # Modules along bottom = Modules / String * Strings along Bottom

e Number of Rows =
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Step 2: Enter layout details

Vertical String

rArray

B

String Wiring |Horizontal

Mumber of Strings along Bottom 1 Side Length 0.673 m
Modules Along
Mumber of Modules along Bottom Q Fow Spacing 5 m Side of Row m
1 Mumber of Rows =

Mumber of Modules along Side

Layout from Array Page Mostaontsl

. . . String
Modules per String 9 Strings in Parallel @ Modules Along

Bottom of Row n

,‘r;;/:pacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings

* Horizontal strings:
* # Modules along bottom = Modules / String * Strings along Bottom

* Number of Rows = Strings in Parallel /
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Step 2: Enter layout details

rArray
Vertical String
String Wiring [E-Iorizonml v]
Mumber of Strings along Eutto@ Side Length 0.673 m
Modules Along
Mumber of Modules along Bottom Q Fow Spacing Side of Row m

Mumber of Modules along Side 1 Mumber of Rows O

Layout from Array Page . \
i i i String 6
Modules per String 9 Strings in Parallel @ / Modhales Ak /
Bottom of Row n Row Spacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings

* Horizontal strings:
* # Modules along bottom = Modules / String * Strings along Bottom
* Number of Rows = Strings in Parallel / Strings along bottom /
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Step 2: Enter layout details

rArray
Vertical String

String Wiring [E-Iorizonml v]
Mumber of Strings along Eutto@ / Side Length 0.673 m
Modules Along

Mumber of Modules along Bottom Q Fow Spacing 5 m Side of Row m

Mumber of Modules along Side@ Mumber of Rows
Layout from Array Page Horizontél \
i i i String -
Modules per String 9 Strings in Parallel @ / inodiion Along .

Bottom of Row n /

Row Spacing R

Only 2 layouts are currently allowed: Horizontal and Vertical strings
* Horizontal strings:
* # Modules along bottom = Modules / String * Strings along Bottom
* Number of Rows = Strings in Parallel / Strings along bottom / Modules
along Side
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Setting up a Parametric Simulation

& SAM 2012.11.30: untitledl (o= ][=]

Eile Case Analysis Tools Script  Help
| NewFlat Plate PV Case 1 X | v

[ Select Technology and Market. .. l [ Flat Plate PV, Residential ] e

Location and Resource nd % T A ﬁ[ﬁ ool [':?Q X

Location: PHOENIX, AZ _ o - ] . _— !
Lat: 33.4 Long: -112,0 Blev: 139.0 m Parametrics Sensitivity Statistical Multiple Subsystems P50,/P20 Analysis Excel Exchange Simulator Options

Module Parametric Simulation Analysis Overview

u Parametric analysis allows you to assign multiple values to one or mare input variables to create graphs showing haw a result varies aver a
SunPower SPR-Z10-BLK-U range of input values, or for optimization to find the value of an input that maximizes or minimizes a result of interest, To get started, dick Add
Crutput: 2153 Wdc Parametric Simulation. See Help for details.

Inverter
Mote: Use 1 for the maximum number of computational threads unless simulations take a long time to run.

SMA Amenca: SBEA000OUS 2404

Capacity: 000 W, f

. = —‘@ Parametric Simulatig‘lﬂ Clear all ]
Array ‘
Powsr: 3.E745 kide Parametric Simulation Setup m——
Area: 22,4 m2

Variables: Add Remove Selected Variable Values: L
PV Subarrays I’ [ ] [ Enable this sim

Numbser of subamays: 1

m

13

m

Performance Adjustment
0y

Percant of annual cutput: 100 %

Year-to-year decline: 0.5 % par year

D Exrctann i

Setup Linkages... Up Down
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Parametric Simulation: select ‘Row spacing’

Choose Parametrics
Search:
L] Available Variables -

Analysis Parameters
Annual Performance

CEC Performance Model
Cash Incentives

Electric Load

Exchange Variables
Inverter (Sandia)

Loan Parameters
Location and Resource

0 and M Costs

PV Array Self-Shading

[T Mumber of Bypass Diodes
[T Mumber of Cells along Width
[T Mumber of Rows

BH®

m

I EEHEE

Crigntation

[T width

PV Array

PV Capital Costs
PV Subarray 1 |
PV Subarray 2
PV Subarray 3
PV Subarray 4

IHFEEHEEE

Expand Al | | Uncheck Al ok || cancel
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Define array of Row Spacing values

& 5AM 2012.11.30: untitledl

Edit Parametric Values for ‘Row Spacing (m)’

File Case Analysis Tools Script Help Variable Values
| New Flat Plate PV Case 1 X | z
[ Select Technology and Market. .. ] [ Flat Plate PV, Residential ] g

Location and Resource

Location: PHOENIDY, AZ
Lat: 33.4 Long: -112.0 Elev: 335.0 m

Module ﬂ
SunPower SPR-210-BLE-U

Cutput: 215.3 Wdc

Inverter d
SMA America: SE4000US 240V

Capacity: 4000 Wac

Array

-

Poweer: 3,5745 kWdc
Arzz 224 m2

PV Subarrays I’

Number of subarrays: 1

Performance Adjustment
09

Percent of anmesl cutput: 100 %6
Year-to-year decline: 0.5 % par wear

DA Carctam Cocke i

Parametrics Sensitivity Statistical Multi

Parametric Simulation Analysis Overview
Parametric analysis allows you to assign multiple valug
£| range ofinput values, or for optimization to find the 4
Parametric Simulation. See Help for details.
Add After... Add Before...
Mote: Use 1 for the maximum number of computation
[ Up ] [ Down ] [ Remove ]

— [ Add Parametric Simulation ] [ Clear All ]

Help...

Define Ra

nge

Start Value:
End Value:

Increment:

Lok ]

Cancel

Parametric Simulation Setup

Hemave i

Variables: [ Add ] [ Remove ] Selected Variable Values: Enable this sim

PV Array Self-Shading/Row Spacing (m 5

Setup Linkages... Up

Daown

m
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View results of Parametric simulation

© SAM 201211.30: untitledl (o[ @][=]

File Case Analysis Tools Script  Help

| NewFlat Plate PV Case 1 < | v

[ Select Technology and Market.. ] [ Flat Plate PV, Residential ] g

- F
Lecation and Resource ‘] View and export data: l] Grapf(. TabIEDO Cash Flows w Time Series - Loss Diagram
- o=

Location; PHOENIY, AZ

L=t: 33.4 Long: -112.0 Elev: 339.0m Choose Simulation: [Parametrlc Set1 "] [ Copy to dipboard ] [ Save as CSV.. ] [ Send to Excel
Module ﬂ = QOutput Yariables - Annual Energy | Annual Energy | Annual Energy | Annual Energy | Annual Energy
SunPower SPR-F1I-BLIL g => Metrics Row Spacing=1| Row Spacing=2 | Row 5pacing=3 Row 5pacing—4 Row Spacing=5
Cutput: 215.3 Wik 1 625,35 634471 685156 6853.65 £854.43
Inverter ; [ LCOE Mominal
[~ LCOE Real

SMA Amenca: SBADDOUS 240V [T Total revenue without =
Capadity: 3000 Wiac [T Total revenue with syste

5 .- ‘] [~ First Year Met Revenue

E‘ el 4 [T Metpresent value (3] =
Payback (years,
Metric Base r Y . y )
\nhual En . 854 K [T Capacity Factor
nual Energy B .

LCOE Nominal 20.96 ¢ [ Firstyear kWhac/kWdc
LCOE Real 15,99 ¢ [T System performance fac
Total revenue without system (5) £0.00 [T Total Land Area
Total revenue with system ($) £822.5 & Single Values
First Year Net Revenue £822.5 |:> Monthly Dat
Met present value (5) 5-3,70 B . 25 val i
Faybadk (years) 17.687 Data: 25 values
Capacity Factor 0.2% & Annual Data i
First year kWhac/kWdc 1,769 | — | "
System performance factor (%) 0.79
Total Land Area 0.01 acy Clear all
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Questions?

Download a preprint of the paper
at sam.nrel.gov/webfm_send/373
or email me at chris.deline@nrel.gov for a copy.
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The End



