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SAM Webinars for 2020

Introduction to SAM Workshop July 22

PV Systems in SAM 2020.2.29 Aug 5

Batteries in SAM 2020.2.29:
Focus on Battery Technology  Aug 19
Behind-the-Meter Systems Sep 2
Front-of-Meter Systems Sep 16

Register for free at: https://sam.nrel.gov/events.htm|

This webinar will be recorded and posted on the SAM website at
https.//sam.nrel.gov/
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Questions and Answers

File View Help @~ -O0m X
et P Audio ﬂ
= (@ Telephone

O Mic & Speakers

Dial- +1 (914) 614-3429
@ Access Code: 871-482-194
Audio PIN: 9
@ | Ifyou're already on the call, press #3# now. |
(and additicnal numbers ...)
Problem dialing in?

= Questions 5]

a Questions
’TEnler a question for staff] (
Webinar Now
Webinar ID: 153-465-475
GoTo\Webinar

Desktop application Instant Join Viewer

We will either type an answer to your question
or answer it at the end of the presentation. NREL | 3




n Detailed design steps for a residential PV system
n String sizing with the System Sizing macro

B Utility scale system: Tracking and self-shading
n Shading, soiling, snow, and other losses

"1 P50/P90 simulations with NREL NSRDB data
n Importing data from other models

Questions and answers
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What is SAM?
The System Advisor Model
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Residential PV
system

Installed, owned, operated
by a residential
homeowner.

Power from system
reduces homeowner’s
monthly electricity bill.

Is a project economically
feasible given its cost and
energy production?




Neighborhood PV
system in Portland,
Oregon




First, choose a performance and financial model

Performance model calculates power =
prOduced by PV System ¥ Photovoltaic > Power Purchase Agreement

Detailed PV Model ¥ Distributed
- G et We at h e r d ata PV\Watts Residential Owner
. High Concentration PV Commercial Owner
— Choose module and inverter . Bateery Storage g Party Owner - Host
. > Concentrating Solar Power Third Party - Host / Developer
- DGSlgn the SYStem > Marine Energy Merchant Plant
. . e Wind LCOE Calculator (FCR Method)
Financial model calculates electricity No Fnanci Mode

Geothermal

savings and project cash flow et
— Get load and rate data Generic System
— Define financial parameters

— Define system costs
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Next, download a weather file

Type a street address, location name, or latitude longitude pair, like:
— “golden, co”

“15013 Denver West Parkway Golden, CO”
— “39.74,-105.18”

SAM downloads weather files from the National Solar Radiation Database

— Typical meteorological year (TMY) suitable for long term cash flow model

— Single year when load data is available for a particular year
Multiple files for P50/P90 analysis

-Download Weather Files

The MSRDE is a database of thousands of weather files that you can download and add to your to your solar resource library: Download a default typical-year
[THIY) file for most long-term cash flow analyses, or choose files to download for single-year or P30/P20 analyses. 5ee Help for details.

(®) One location ) Multiple locations

golden, co

Default TMY file ~

Download and add to library...
For locations not covered by the M5RDE, click here to go to the SA4M website Weather Page for links to other data sources.

NREL | 9



NSRDB Coverage Map

19982016 Average Solar Iradiance, kWh/m:/Day

For other sources of data, see https://sam.nrel.gov/weather-data
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When the download finishes, SAM automatically adds the file to your solar

resource library, which is a list of the weather files on your computer.

~Solar Resource Library
The Solar Resource library is a list of weather files on your computer, Choose a file from the library and verify the weather data information below.

The default library comes with only a few weather files to help you get started. Use the download tools below to build a library of locations you frequently model,
Onece you build your library, it is available for all of your wark in S4M.

Filter: | | Marme w

Mame Latitude Longitude Timezone Elevation Station|D  Source 2
fargo_nd_46.9_-96.8_mts1_60_tmy 46.9 -96.2 -B 274 14914 TWY2
imperial_ca_32.835205_-115.5723%3_psmv3_60_tmy  32.85 -113.58 -8 -20 72911 MSRDEB
phoenix_az_33.450495_-111.983688_psrmw3_60_trmy  33.45 -111.88 -7 358 78208 MSRDEB
tucson_az_32.116521_-110.833042_psmv3_80_tmy 32.13 -110.84 -7 FIE 67345 MSRDEB
golden_co_39.749672_-105.216019_psm3_60_t 39.73 -1053.22 -7 1934 145808 MSRDEB v

LT, Click Add/remove weather file folders to

computer, click Add/remove Weather

3 use weather files stored on your

ChUsers\gacbo/5AM Downloaded Weather Files Add/remove weather file folders... |

| Refresh library |

NREL | 11




Design the system

System Size
Choose Inverter
Choose Modules
String Size
Number of Strings

Array Orientation

NREL | 12



Design the system: System size

Use roof area to determine maximum system capacity:
Array Capacity (W) = Roof Area (m?) * Module Efficiency * 1,000 W/m?
35m? *0.15 * 1,000 W/m?=5,250 W

Assume about 1,000 W/m? of sunlight available on

a clear sunny day at noon based on Standard Test
Conditions (STC).

About 17 x 12 feet available on each surface:
17 ft * 12 ft
=204 sq ft * 2
=408 sq ft
=35 m?

NREL | 13



Design the system: Inverter

System Size
~5 DC kW, 1.2 DC/AC ratio

Inverter
5,000DCW /1.2 =4166.7 ACW = 4200 ACW

Module
String Size
Number of Strings

Array Orientation

NREL | 14



Inverter: 5 DC kW /1.2 = 4.2 AC kW

Inverter CEC Database w

Filter: | | MName

Marme

ABB: PVI-4.2-0UTD-5-US-Z-M- A [240V]
ABB: PVI-4.2-0UTD-US [240V]

Power-One: PVI-4.2-0UTD-5-US-Z [240V]
Power-One: PVI-4.2-0UTD-5-US-Z-A [240V]
ABB: PVI-4.2-0UTD-5-US [277V]

£

Paco
[

4200
4200
4200
4200
4200

4369.962...
4369.962...
4369.962...
4369.962...
4347.116..

=]
27.734...
27.734...
27.734...
27.734...
29.07288

1.26
0.2
0.2
0.2

Click column heading to sort by

240 480 340 420 100
240 480 340 420 100
240 480 340 420 100
240 480 340
277 480 395

r Efficiency Curve and Characteristics

Power-Cne: PVI-4.2-0UTD-5-US-Z-A[240V]

100

90
g
&
5
;“E
80
Vdco
— Mppt-low
Mppt-hi
?0 1 1 1
0 40 60 80
% of Rated Cutput Power

Mumber of MPPT inputs

European wei

-Datasheet Parameters

Maximum AC power
Maximum DC power
Power use during eperation
Power use at night

Mominal AC veltage
Maximum DC voltage
Maximum DC current
Minimum MPPT DC veltage
Maominal DC voltage

Maxirnum MPPT DC voltage

CEC weig

-4.06E-06  -0.000024 -0.000
-4.06E-06  -0.000024 -0.000
-4.06E-06  -0.000024 -0.000

-4.06E-06
-3.35E-06

Click row in table to choose an
inverter

4200 |Wac
4360.96 (Wdc
27.7345 (Wdc

0.2 |Wac

240 |Vac
480 |Vdc
12,8528 |Adc

430

Mote: If you are modeling a systemn with microinverters or DC power optimizers, see the Losses page to adjust the system losses accordingly.

= =
o oo
AN

Vdc

-6.3e-05 |1/Vde
-0.000598 | 1/Vde

c2
c3

—CEC Information

CEC name | Power-One: PVI-4.2-0UTD-5-U5-Z-A [240V]

CEC type| Utility Interactive

NREL | 15




Design the system: Module

System Size
5 kW, 1.2 DC/AC ratio

Inverter
4200 AC W Power-One PVI-4.2

Module
Initial guess: 250 W modules, 5,000 W array / 250 W module = 20 modules

String Size
Number of Strings

Array Orientation

NREL | 16



Module: 5 DC kW / 20 modules = 250 DC W module

CEC Performance Model with Module Databasegms S t b STC t
Filter: | trina | |Name Fllter by name. Or y power ra Ing'
Mame Manufacturer Technology  Bifacial  STC A c Length Width MN_s I|scref V.ocref |mp_ref V.mpref a ™
Trina Selar TsM-250PA03.30 Trina Selar Multi-c-5i 0 249.86 2275 1618 1643 0485 60 8355 ETE] 8.06 # 0
Trina Solar TSM-250PAD5.38 Trina Solar Multi-c-5i 0 249.86 2275 1618 1643 0485 &0 855 376 8.06 # 0
Trina Selar TSM-250PA05.xy2 Trina Solar Multi-c-5i 0 249.86 2275 1618 1.643 0935 &0 835 376 2.06 B 0
Trina Solar TSM-250PADSA Trina Solar Multi-c-5i 0 2501 2291 1618 1.643 09835 &0 89 37.8 8.2 30.5 0
Trina Solar TSM-250PAD5A.08 Trina Solar Multi-c-Si 0 2501 2291 1618 1.643 0985 &0 89 378 T
Trina Selar TSM-250PAD5A10 Trina Selar Multi-c-5i 0 2501 2291 1618 1.643 0985 &0 89 EYE:] . C h Oose m Od u Ie .
Trina Selar TSM-250PAD5A18 Trina Selar Multi-c-5i 0 2501 2291 1618 1.643 0485 60 89 ETE:]
Trina Selar TSM-250PD03 Trina Selar Multi-c-5i 0 249.86 2275 1618 1643 0485 &0 855 ETE 8.06 # 0w
£ >

rModule Characteristics at Reference Conditions

Reference conditions: | Total Irradiance = 1000 W/m2, Cell temp = 25 C |

Trina Sclar TSM-250PA05A
Meminal efficiency 154574 | % Temperature coefficients

Z 8l Maximum power (Pmp) [ 250.100 |Wdc | -0.430 [%/°C | -1.075 |w/eC

é Max power voltage (Vmp) 1u’dc .

E Max power current (Imp) Adc ratl ngs°
E Open circuit voltage Woc]l 37.8 |‘u’dc | -0.330 | | -0.125 |V/~C

2 Short circuit current (Isc) | 89 |Ade | 0.050 |%/°C | 0.004 |A/“C

= 5 | | | | | | | -Bifacial Sp?ci'l.icat.ions
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Design the system: String size

System Size
5 kW, 1.2 DC/AC ratio

Inverter
Q 4200 AC W Power-One PVI-4.2

Module
Q 250 DC W Trina Solar TSM-250

String Size
Inverter Maximum Voltage / Module Voc
Maximum modules per string: 480 VDC /37.8 VDC=12.7 = 12
Minimum modules per string: 100 VDC /37.8 VDC=2.65= 3

Number of Strings
Array Orientation

NREL | 18



Array divided into
two strings facing
East and West

Use 2 inverter MPPT inputs
because subarrays have
different orientations




Design the system: Number of strings

System Size
5 kW, 1.2 DC/AC ratio

Inverter
Q 4200 AC W Power-One PVI-4.2

Q Module
250 DC W Trina Solar TSM-250

String Size
10 modules

Number of Strings
2 strings, 2 inverter MPPT inputs

Array orientation
Two subarrays, 10 degree tilt, E-W facing NREL | 20



One inverter, two strings of 10 modules, E-W facing subarrays

Photovoltaic, Residential

Location and Resource

Number of inverters

-AC Sizing

rSizing Summary

Module

Inverter

System Design
Shading and Layout
Losses

Grid Limits

Lifetime and Degradation
System Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

MNumber of inverters
DC to AC ratio 1.19

Size the system using modules per string and strings
in parallel inputs below.

[JEstimate Subarray 1 configuration

MNameplate DC capacitydec Murnber of modules
Total AC capacitykWac Murnber of strings
Total inverter DC capacity 4.370 |kWdc Total module area m*

Verify capacities

~DC Sizing and Config,

To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and gtheraron

Enable two subarrays, 10

NREL | 21

Subarray 1 Subarray 2
-Electrical Config
(always enabled) [~] Enable | mOdu Ies per St ring
Meodules per string in subarray | 10 | | 10 |
Strings in parallel in subarray | 1 | | 1 |
Murmber of modules in subarray | 10 | | 10 |
String Vioc at reference conditions (V) | 378.0 | | 378.0 |
String Vmp at reference conditions (V) | 305.0 | | 305.0 |
-Tracking & Orientati
Azimuth Tilt (®) Fixed (® Fixed
N=0 R O1§is O 1 Axis
Wﬂg »'%‘. O24is O 2 s
27 0 Horiz.r O Azimuth Axis O Azimuth Axis
# ‘V.__,—" () Seasonal Tilt () Seasonal Tilt
[ Tilt=latitude [ Tilt=latitude
Titt (deg) | n] | 10]
Azimuth (deg) | | 9 |
Ground coverage ratio (GCR) | 0.3 | | 03 |
Tracker rotation limit (deg) 45 45



Two inverter MPPT inputs, configure on System Design and Inverter input pages

Photovoltaic, Residential Inverter CEC

Location and Resource

Filter: ||Name ~
Module

MName Paco  Pdco Pso Pnt  VWac Vdcmax Vdco  Mppt_high Mppt.
Inverter ABB: PVI-3.8-0UTD-US [240V] 3800  3950.148.. 26.980.. 114 240 480 M0 480 100

ABB: PVI-3.8-0UTD-US [277V] 3800 3931.927.. 20.742. 114 277 480 395 480 100
System Design ABB: PVI-4.2-0UTD-5-US [208V] 4200 4393.078.. 24648.. 01 208 430 310 480 100
- . ABB: PVI-4.2-0UTD-S-US [240V] 4200 4360. 100
Shading and Layout ABB: PVI-4.2-OUTD-5-US [277V] 4200 4347, i

- 2 MPPT inputs

Sizing Summary

MNameplate DC capacity

Losses

r Efficiency Curve and Characteristics

ber of inver‘ters

Grid Limits ABB: PVI-4.2-0UTD-5-US [240V] Number of MPPT inputs

100 | DC to AC ratio 119 Total AC capacity|  4.200
Lifetime and Degradation y using modules per string and strings Total inverter DC capacity 4.370
Inverter in parallel inputs below.

Systern Design

Shading and Layout Ecnmmn ASSIZN each subarray to an
inverter input

[]Estimate Subarray 1

parallel to a single bank]
Losses

Grid Limits ~Electrical Configuration

o Degradation Set subarrays for multiple MPPT | (always [V Enable |-
Meodules per string in subarray 10 | | 10 |
Strings in parallel in subarray - 1 | | 1 |
Murmnber of medules in subarray - 10 | | 10 |
String Vioc at reference conditions (V) - 378.0 | | 378.0 |
String Vmp at reference conditions (V) ‘ 305.0 | | 305.0 |
Electricity Rates Inverter MPPT input for subarray | 1 | | 2 |
~Tracking & Orientation
Electric Load _ _
Azimuth Tilt (®) Fixed (®) Fixed

NRELC 22



Design the system: Array orientation

System Size
5 kW, 1.2 DC/AC ratio

Inverter
Q 4200 AC W Power-One PVI-4.2

Q Module
250 DC W Trina Solar TSM-250

String Size
10 modules

Number of Strings
2 strings, 2 inverter MPPT inputs

Array orientation
Two subarrays, 10 degree tilt, E-W facing

NREL | 23



Orientation for two East-West facing subarrays at 10° tilt

Photovoltaic, Residential rAC Sizing rSizing Summary

Location and Resource MNumber of inverters 1 MNameplate DC capaci 5.002 |kWdc MNumber of modules 20

P pacity
Module DCto AC ratlo Total AC capacity 4,200 | kWac Murnber of strlngs
Size the system using modules per string and strings Total inverter DC capacity 4.370 |kWdc Total module area m*

in parallel inputs below.

Inverter

System Design [JEstimate Subarray 1 configuration

rDC Sizing and Config
To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

Shading and Layout

Losses
. . Suba 1 Subal 2 Suba 3 Suba 4
Grid Limits “Flectrical Config ubarray ubarray ubarray ubarray
Lifetime and Degradation (always enabled) Enable [ Enable [ Enable
Meodules per string in subarray | 10 | | 10 |

System Costs Strings in parallel in subarray | 1 | | 1 |
Financial Parameters Murmber of modules in subarray | 10 | | 10 |

String Vioc at reference conditions (V) | 378.0 | | 378.0 |
Incentives String Vmp at reference conditions (V) | 305.0 | | 305.0 |
Electricity Rates

-Tracking & Orientati
Electric Load _ _
Aﬁim'ﬁlth Tilt (@ Fixed (@ Fixed

3 BT TR (O fxis (O1 Axis
Wﬂg ﬁ' Olﬁis O 2 s
2?#0 D Horiz.s O Azimuth Axis ) Azimuth Axis

:S o AT () Seasonal Tilt () Seasonal Tilt Tllt and aZImuth angles

[ Tilt=latitude [ Tilt=latitude
Titt (deg) | n] | 10]
Azimuth (deg) | | 9 |
Ground coverage ratio (GCR) | 03 | | 03 |

NREL | 24

Tracker rotation limit (deg) 45 45



System design

System Size
5 kW, 1.2 DC/AC ratio

Inverter
Q 4200 AC W Power-One PVI-4.2

Q Module
250 DC W Trina Solar TSM-250

String Size
10 modules

Number of Strings
2 strings, 2 inverter MPPT inputs

Array orientation
Two subarrays, 10 degree tilt, E-W facing

NREL | 25



Run a simulation, refine the design

* Check System Design page for sizing messages.
* Read any simulation messages.
e Use Losses tab to identify potential sizing issues
— Excessive clipping losses
— Module-related losses

NREL | 26



Use System Sizing macro to find

alternate designs

* Generates a report of design and operating voltages based
on simulation results and conventional design rules.

* Generates a list of modules that work given the system
design.
* Try changing number of modules per string, or choosing

different modules and inverters and compare macro results
to find best design.

NREL | 27



For example, try changing string length from 10 to 7

modules to refine

Table 4: Modules from the same manufacturer that meet the inverter voltage requirements. Table displays up to 50 modules

that result in the highest rated string Voc.

Module Array Power Suhana};‘:D.“g.'ring Voc Suharrayﬁngring Voc
%nr:-sssos:g[}uam_usmu +89 e .
Eﬁzsa.;goosm_wsm 69 aean s
%ﬁ?}oslgnnsm,m(u] 469 e 0
%ﬁ-%;grEOSM.TO(\\J +6 s o
%nn:-asaoslgEGaM.zuun +89 80 e
Trina Solar 476 287.70 287.70

TSM-340DEGEM.20(1l)

Nameplate DC/AC

Ratio

1.12

1.12

1.12

1.12

1.12

1.13

Table 5: Modules from different manufacturers that meet the inverter voltage requirements. Table displays up to 50 modules

that result in the highest rated string Voc.

e o ST
WINAICO WSP-340MX 477 284.20
Hanwha Q CELLS Q. PEAK DUO BLK-G6+ 476 28490
340

LG Electronics Inc. LG335N1T-VE 4.69 284 .90
LONGi Green Energy Technology Co._ Ltd. 497 234 90

LR4-60HPB-355M

Subarray 2 String
Voc (VDC)
284.20

284.90
28490

284.90

Nameplate
DC/AC Ratio

1.14
1.13
1.12

1.18

First macro run with 7 250 W modules

per string suggests that 335 W modules
would also work.

design for fewer modules

The figure(s) below show the inverter rated MPPT voltage range with worst case design maximum open-circuit voltage and

minimum maximum-power volfage, along with the operating open circuit, minimum, and maximum voltages from the simulation

results for each subarray in the system.

Figure 1: Subanay 1 String Voltages

Min Design Ydc

Min Operating Vdc

Max Operating Ydc

Max Operating Voc

Max Design Voc

I L L I
100 150 200 250 300
vDC

0 50

Figure 2: Subanay 2 String Voltages

350

L
450 500

Min Design Vdc

Min Operating Vdc

Max Qperating Vdc

Max Operating Vioc

Max Design Voc

_Vmpptml'n
- Vmpptmax =Vgcmax

= Vmpptmin
- Vmpptmax = Vdemax

Second run with 7 335 W modules

confirms that voltages are within inverter
limits.



Power Purchase
Agreement (PPA)
Project

Installed, owned, and
operated by a single owner
or partnership.

Power from PV system sold
to generate revenue.

Does project revenue
cover installation and
operating costs?




Ground coverage ratio (GCR) and self-shading

Create Detailed PV / Single Owner case: 20 MW system with 64,488 modules and 22
inverters.

Duplicate case with GCR = 0.9.

Compare results: They are the same.

On Shading and Layout page, enable self-shading with 2 x 12 rows.
Compare results: GCR = 0.9 has severe shading.

Use parametrics to plot annual energy vs. GCR.

NREL | 30



External shading and snow losses

Import external shading data
3D Shade Calculator to generate shading data
Snow model when data available in weather file

Ryberg, D.; Freeman, J. (2017). Integration, Validation and Application of a PV
Snow Coverage Model in SAM. National Renewable Energy Laboratory. 33 pp.
TP-6A20-68705. (PDF 3.1 MB)

NREL | 31


https://www.nrel.gov/docs/fy17osti/68705.pdf

P50 / P90 analy

On Location and Resource
page, use Download Files
for all years option to
download weather files to
a folder.

Click P50/P90, and choose
the folder.

Click Run P50/P90
simulations.

Download Weather Files

(@ One location O Multiple locations

The NSRDE is a database of thousands of weather files that you can download and add to your to your salar resource libr
(TMY) file for most long-term cash flow analyses, or choose files to download for single-year or PSO/PSD analyses. See Help

‘ 15013 Denver W Phwy, Golden, CO

Default TMY file

For locations not covered by the NSRDE, click here to goto the SAM web D<f2ul MY file

hoose year
Download files for all year:

filev (H)Add  untitlec

Photovoltaic, Residential

Location and Resource

v

Run P50/P90 simula

L BRI GIEY C\Users\gaobo\OneDrive\S:

Custom Px:

P10 Ps0 P90 P70.5 Min Max
Module Annual ACencrgy (WR)| 732372 700548 §757.61 6094.92 AL
Inverter clipping loss AC power limit (kWh/yr) 11.3607 5.73585 6.52786 5.59489 128
Inverter Inverter power consumption loss (KWhyyr)| 230467 420342 402832 413369 w6 a0
Inverter night time loss (kWh/yr) 5.24255 5.2206 5.18918 5.21021 5.16516 5.24¢
System Design Annual GHI (Wh/m2/yr)| 1.75452e-06| 1.68516e-06  1,61825e+06  1.64566e-06 155724e-06 1.79887ex
POA front-side irradiance total nominal (kWhyr)| 447404 427416 290 419828 w5787 46
Shading and Layout POA front side irradiance beam nominal (KWh/yr) 302707 276427 255319 26682.6 254715 31
POA front-side irradiance total after shading (KWhiy)| 447404 427416 290 #9828 w5787 46
Losses POA front-side irradiance total after shading and soiling (KWh/yr) 425034 40604.5 392255 398836 375997 2397
POA front-side irradiance total after reflection (IAM) (KWh/yr) 41199 393302 379831 306197 w057 48
Grid Limits POA irradiance total after reflection (AM) (KWh/yr) 41199 303302 379831 38619.7 364057 463
. POA front side iradiance beam after shading and soifing (kWh/yr)|  28757.2 262606 242553 25M85 241978 2885
Lifetime and DEgradanon Annual DC energy nominal (kWh/yr) 8467.27 8085.03 7806.32 793716 748215, 8761
Syt Casis Annual DCenergy gross (KWhjyr)| 800134 765758 73864 753805 73186 6240
Annual DC energy (kWh/yr) 7646.07 7317.57 7060.57 T203.44 6815.19 7874
T - Annual AC energy gross (KWh/yr) 78 707635 626,18 6964.67 88311 618
Subarray 1 Gross DC energy (kWh) 8001.34 7657.58 7388.64 7538.15 7131.86. 8240
Incentives Subarray 1 DC mismatch loss (kWh)| 160,027 153152 7m 150763 26 Teds
Subarray 1 DC diodes and connections loss (kKWh)|  40.0067 382079 369432 376908 5659 41
E‘E[‘[[I(ﬂy Rates Subarray 1 DC wiring loss (kiWh) 160.027 153.152 147.773 150.763 142,637 1648
DC mismatch loss (kWh)| 160,027 153152 141773 150763 142637 184
Electric Load DC diodes and connections loss (kWh)|  40.0067 38.2879 36.9432 376908 356593 41
DCwiringloss (oWh)| 160027 153152 1M 150763 e 1eds
POA front-side reflection (IAM) loss (%) 3.17866 312353 3.03562 3.0743 3.05327 3.19¢
simind?> l‘_ DC module deviation from STC (%) 5.81725 54717 47404 soie3 ageie2 60K
AC inverter power clipping loss (%) 0.15802 0.112647 0.0756202 0.0901618 0.0718418 0.178:
parametd® . Stochastic ACinverter power omloss (%) 0600896 057402 0516129 0543691 0510073 0.646C
ACinverter night tare loss (%) 0.0729192 0.0713521 0.0667172 0.0692968 0.0659776 0.077C
Macros ACinverter efficiencyloss (%) 257156 255578 25376 254719 253381 257,
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Importing data from other models

PVsyst OND — PAN to SAM macro imports module, inverter,
and weather data from PVsyst files

Solar Resource File Converter macro imports weather data
from PVGIS 5 and SolarAnywhere

Use Generic System model to use a generation profile from a
different model as input to SAM

NREL | 33
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Layout examples are in pv-layout-examples-

2020.2.29.sam file

. 2
File v () Ada

Photovoltaic, Residential

Location and Resource

Mameplate DC capacity 3.352 |kWdc Mumber of modules

Module

erer . Case numbers correspond to numbers in the
System Design titles of the next few slides.

Shading and Layout

To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. Te model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

Losses
e Subarray 1 Subarray 2 Subarray 3 Subarray 4
Grid Limits —Hectrical G . ubarray ubarray ubarray ubarray
_ i I bled
Lifetime and Degradation (always enabled) [ Enable [JEnable ClEnable
Modules per string in subarray | 4 | | 6 |

System Costs

Strings in parallel in subarray

These examples use a small number of modules
clecticny faes for clarity but the same concepts apply to large
Electric Load arrays with hundreds or thousands of modules.

Financial Parameters

Incentives

(02 Axic (02 Axic
(O Azimuth Axis (O Azimuth Axis
() Seasonal Tilt (O) Seasonal Tilt

Simulate > ' o

Parametrics Stochastic

P50 / P90 Macros [Tttt [ 1Tttt > NREL | 36




1: One string, one inverter, one MPPT

Photovoltaic, Residential rAC Sizing Sizing 5 ¥
Location and Resource MNumber ofimrerters Mameplate DC capacitydec MNumber of modules

Maodule DCto AC ratio Total AC capacitykWac Number of strings
Size the system using modules per string and strings Total inverter DC capacity 1.216 |kWdc Total module area mZ

in parallel inputs below.

Inverter
System Design [ Estimate Subarray 1 configuration
- rDC Sizing and Confi
Shading and Layout " > . i i i i
To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
L parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.
055e5
- " Subarray 1 Subarray 2 Subarray 3 Subarray 4
Grid Limits _Flectrical Confi
(always enabled) []Enable [JEnable []Enable

Lifetime and Degradation
Medules per string in subarray

System Costs Strings in parallel in subarray

Mumber of medules in subarray

String Voc at reference conditions (V) 2'.-'1 &
Incentives String Vmp at reference conditions (V) m

Financial Parameters
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2: Two identical strings, one inverter, one MPPT

“Identical strings” means both strings have
same number of modules, orientation,
tracking and shading, so both subarrays
operate at same voltage.

Photovoltaic, Residential

Location and Resource

-AC Sizing Sizing y

Modul Numberofinverters MNameplate DC capacitydec MNumber of module;
oaule

DC to AC ratic Total AC capacity kWac Mumber of strings
Inverter Size the system using modules per string and strings Total inverter DC capacity kWdc Total module area m?

in parallel inputs below.

System Design

[ Estimate Subarray 1 configuration

Shading and Layout

rDC Sizing and C
To model a systemn with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in

Losses parallel te a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.
Grid Limits
Subarray 1 Subarray 2 Subarray 3 Subarray 4
L . - Electrical Confi
Lifetime and Degradation
(always enzbled) [JEnable [JEnable [JEnable

System Costs Modules per string in subarray l:l
i i Strings in parallel in subarray
Financial Parameters )
Murmber of modules in subarray
Incentives String Voc at reference conditions (V) 2716
.. String Vmp at reference conditions (V)
Electricity Rates gime
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3: Two different strings, one inverter, one MPPT

“Different strings” could have different number of
modules, and/or different orientation, tracking, or
shading.

Inverter DC voltage is either average of subarray
voltages, or if you enable it, calculated using voltage
mismatch option.

Photovoltaic, Residential -AC Sizing P ¥

Location and Resource Numberofinverters Mameplate DC capacity 3.352 |kWdc MNumber of modules

Module DCto AC ratio TotalACcapacitykWac Mumber of strings
Size the system using modules per string and strings Total inverter DC capacity 3.136 |kWdc Total module area m*

in parallel inputs below,

Inverter

System Design [ Estimate Subarray 1 configuration

rDC Sizing and Config)
To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4, Te model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

Shading and Layout

Incentives

Losses
- e Subal 1 Subarray 2 Subal 3 Subarray 4
el Hlectrical ubarray ubarray ubarray ubarray
e . I bled
Fime 208 Degradatlon (always enabled) [ Enable [JEnable [JEnable
Modules per string in subarray | 4 | | 6 ‘
System Costs Strings in parallel in subarray | 1 | | 1 ‘
Financial Parameters Mumber of modules in subarray | 4 | | 6 ‘
String Voc at reference conditions (V) | 271.6 | | 4074 ‘

String Vmp at reference conditions (V) | 229.2 | 3438 ‘ NREL I 39




PV Subarray Voltage Mismatch Option

@ PV Subarray Voltage Mismatch

rSubarray Voltage Mismatch Calculation

When subarrays have different arientations, modules in each subarray are exposed to different levels of solar radiation and wind speed, which results in different
subarray cell temperatures and maximum power point voltages (Vmp). The voltage mismatch causes electrical losses and an inverter input voltage less than Wmp. By
default, SAM estimates the inverter input valtage by averaging the subarray Vmp values,

If you are using the CEC or IEC 61853 module model, SAM can more accurately estimate the inverter input voltage. This option requires longer simulation times to
calculate mismatch losses. This more accurate method generally results in lower system output than the default method. See Help for details.

[[] Calculate maximum power voltage for array and associated losses due to subarray mismatch (CEC and [EC 61353 models only)

Use this option (at the bottom of the System Design page) with two
or more subarrays connected to a single inverter MPPT input when

the subarrays have different string lengths or orientations, and you
want a more precise estimate of inverter input voltage than the
average of subarray voltages.
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4: Two different strings, one inverter, two MPPTs

Photovoltaic, Residential Inverter CEC D
Location and Resource
Filter: | ||Name ~
Module
MName Paco Pdco Pso Pnt  Vac Vdcmax Vdco Mppt_high Mppt_low
Inverter SMA America: 5B3.0-1TP-US-40 [208V] 3030 3137.374.. 26.673.. 0909 208 480 3 155
SMA America: SB3.0-1TP-US-40 [240V] 3040 3135.798.. 27.530.. 0812 240 480 36 155
System Design SMA America: SB3.0-1TP-US-41 [208V] 3028 3135.288.. 26.710.. 08.. 208 480 369 155
SMA America: SB3.0-1TP-US-41 [240V] 3036 3131.658.. 27.530.. 04.. 240 480 365 @ 155
Shading and Layout SMA America: 5B3.8-15P-US-40 [208V] 3600 3723.102.. 26851.. 108 208 430 365 195
<
Losses
r Efficiency Curve and Characteristics
Grid Limits . SMA America: SB3.0-1TP-US-41 [240V] Nurnber of MPPT inputs
| Fur

Photovoltaic, Residential ~AC Sizing Sizing S Y
Location and Resource Mumber ofinverters Mameplate DC capacity 3.352 |kWdc Numberofmodules

Module DC to AC ratio 1.10 Total AC capacity 3.036 |kWac Numberof strings| 2|
Size the system using modules per string and strings Total inverter DC capacity 3.132 [kWdc Total module area m*

Inverter in parallel inputs below.

System Design [ Estimate Subarray 1 configurat

rDC Sizing and Configuration
To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

Shading and Layout

NREL | 41

Losses
- - Suba 1 Suba 2 Suba 3 Subai 4
Grid Limits —Hectrical G ubarray ubarray ubarray ubarray
Lifetime and Degradation Setsubarrays for muliple MPPT | (lvaye cnablec) [ Enable [l Enable [lEnable
Medules per string in subarray | 4 | | 6 |
SyStem Costs Strings in parallel in subarray | 1 | | 1 |
Financial Parameters MNumber of modules in subarray | 4| | (] |
String Voc at reference conditions (V) | 271.6 | | 4074 |
Incentves String Ymp at reference ceonditions (V) | 2292 | | 343.8 |

Electricity Rates Inverter MPPT input for subarray | 1 |




5: Three strings (two identical), two inverters, one
MPPT

Inverter DC voltage is either average of
subarray voltages, or if you enable it,
calculated using voltage mismatch option.

Photovoltaic, Residential AL Sizing Sizing S Y

Lacation and Resource Mumber ofinverters Nameplate DC capacitydec
Module DCtoACmtio|  112] Total AC capacity| 4200 [IkWac
Size the system using modules per string and strings Total inverter DC capacity kWdc

in parallel inputs below.

Total module area m*

Inverter

System Design []Estimate Subarray 1 configuration

rDC Sizing and Config
To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

Shading and Layout

Losses
Suba 1 Subarray 2 Suba 3 Subarray 4
Bl (LTiE Electrical Confi ubarray ubarray ubarray ubarray
- . (always enabled ]
\siime amal Degradatlon (ahways enabled) [ Enable [JEnable [JEnable
Modules per string in subarray ‘ 4 | | 6 ‘
System Costs Strings in parallel in subarray ‘ 2 | | 1 ‘
Financial Paramaters Mumber of modules in subarray ‘ 8| | 6 ‘
String Voc at reference conditions (V) ‘ 271.6 | | 4074 ‘
Incentives String Vmp at reference conditions (V) ‘ 2202 | | 3438 ‘
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6: Three strings (two identical), one inverter, two
MPPTs

Both strings of Subarray 1 operate at same voltage,
string of Subarray 2 operates at its own voltage.

Photovoltaic, Residential AC Sizing Sizing S ¥

Location and Resource MNumber ofinver‘ters Mameplate DC capacitydec Number of m
Module DCto AC ratlo Total ACcapamtykWac MNumber of

Size the system using modules per string and strings Total inverter DC capacity 4243 |kWdc
in parallel inputs below.

Total modul

Inverter

System Design [ Estimate Subarray 1 configuration
rDC Sizing and Config)

To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

Shading and Layout

Losses
e Subal 1 Subarray 2 Suba 3 Subarray 4
Gr|d |_|m|ts Hlectrical G . ubarray ubarray ubarray ubarray
- - Set subarrays for multiple MPPT (always enabled ~
Lifetime and Degradatlon ays pl | (always enabled) [ Enable [JEnable [JEnable
Medules per string in subarray | 4 | | 6 |
System Costs Strings in parallel in subarray | 2 | | 1 |
Financial Parameters Mumber of modules in subarray | 8 | | 6 |
String Voc at reference conditions (V) | 271.6 | | 407.4 |
Incentives String Vmp at reference conditions (V) | 229.2 | | 343.8 |

Electricity Rates Inverter MPPT input for subarray | 1 | ?_| NREL I 43




8: Microinverters

Photovoltaic, Residential -AC Sizing Sizing S v

umber of inverters ameplate capaci . C umper or modules

Location and Resource Murnber of i N plate DC capacity 2.002 [kwd Number of modul

Module DC to AC ratlo Total AC capacity 1.920 |kWac MNumber of strlng;
Size the system using modules per string and strings Total inverter DC capacity KWidc Total module area m*

in parallel inputs below.

!I

Inverter

System Design [ Estirmate Subarray 1 configuration

rDC Sizing and Confi
To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in
parallel to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties,

Shading and Layout

Losses

Subarray 1 Subarray 2 Subarray 3 Subarray 4

Grid Limits ~Electrical Config

Lifetime and Degradation (always enabled) [JEnable [JEnable [ Enable

Meodules per string in subarray
System Costs Strings in parallel in subarray

MNumber of modules in subarray

String Vioc at reference conditions (V)
Incentives String Vmp at reference conditions (V)

Financial Parameters

NREL | 44



For microinverters, be sure to set module mismatch

loss on Losses page

Losses DeL
el s DC losses apply to the electrical outp ach subarray and account for losses not calculated by the module performance model.
Lifetime and Degradation Modulemismatch (4 [ 0] v v y

Diodes and connections (%) 0.5 0.5 0.5
System Costs DC wiring (%) 2 2 2
Financial Parameters Trackingerror (%) [ 0] ! ! !
Nemeplate ) [ 0] 0 0 0
DC power optimizer loss (%) I:I All four subarrays are subject to the same DC power optimizer loss.
Electricity Rates Total DC power loss (%) 2.490 2.490 2.490

Total DC power loss = 100% * [ 1 - the product of ( 1 - bosz/100% ) |

Incentives

Electric Load _Default DC Losses

Apply default losses to replace DC losses for all subarrays with default values.

Apply default losses for: Central inverters | | Microinverters | | DC optimizers
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Residential PV
system

Installed, owned, operated
by a residential
homeowner.

Power from system
reduces homeowner’s
monthly electricity bill.

Is a project economically
feasible given its cost and
energy production?




Financial model overview

Power Purchase Agreement (PPA) v Power Purchase Agreement
Sell power to generate revenue Single Owner
Power price is fixed with optional escalation Partnership Flip with Debt
and time-of-delivery adjustments Partnership Flip without Debt
Distributed Sale Leaseback

v Distributed

Residential Owner

On customer side of electricity meter
Reduce customer’s electricity bill

Commercial Owner

Merchant Plant Third Party Owner - Host
Sell power at market prices Third Party - Host / Developer
LCOE Calculator Merchant Plant
Calculate levelized cost of energy using simple LCOE Calculator (FCR Method)

fixed-charge-rate method. No Financial Model

See https://sam.nrel.gov/financial-models NREL | 48




Commercial PV
System

Installed, owned, and
operated by business
owner.

Power from PV system
reduces business owner’s
electricity bill.

Is a project economically
feasible given its cost and
energy production?




Third party ownership for projects with a developer who owns the system and a
host who uses the power:

Host: Compare lease to power purchase agreement (PPA) option from the
host (building owner) perspective.

Host / Developer: Calculate “host indifference point,” or PPA price that
developer would have to charge to make project feasible.

Other distributed financial models
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Power Purchase
Agreement (PPA)
Project

Installed, owned, and
operated by a single owner
or partnership.

Power from PV system sold
to generate revenue.

Does project revenue
cover installation and
operating costs?




