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System Advisor Model (SAM) & PVWatts

Free software that enable detailed performance and financial
analysis for renewable energy systems

PVWatts® Calculator TINREL

AN

Desktop application
PVWatts web tool & AP
Software development kit
PYySAM Python package
Open source code
Extensive documentation
User support

Get Started: [T — : ' HEP  FEEDBACK
- Espanol

NREL's PVWatts' Calculator  — S uried

Estimates the enengy production and cost of
Raseirce
of the performance of potential FY insrallatiofies S

= https://sam.nrel.gov/
https://pvwatts.nrel.gov/

X X N X X
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https://sam.nrel.gov/
https://pvwatts.nrel.gov/

SAM Users

SAM is started once every |.4 minutes
PVWatts receives over |7.5 million hits per month
Over 150,000 users in 190+ countries
| 20+ webinars with over 280,000 views
Users include Sunrun, Enphase, AEP, Southern Company, EPRI, & more

Google Scholar Citations of SAM

865 859
802

2009 2010 20M 2012 2013 204 2015 2016 2007 2018 2019 2020 2021 2022




Consumer Adoption
Model- dGen

How SAM Fits in at NREL and Externally

Solar Installers, PV

Solar Engineers,
Developers, Utilities. etc.

Monitoring platforms, etc.

Started every Over 17.5 million
1.4 minutes hits per month
@"/@ System
< Advisor &
@“\% Model

PVWatts

Production Cost
Model- PLEXOS

Capacity Expansion
Model- ReEDS

Standard Scenarios

Storage Futures Study

AN

Grid integration studies

AN

Renewable energy futures

LCOE of breakthrough
technologies

AN

AN

Policy and utility rate design
Technical potential studies

Commercial applications

(e.g. Southern Company,
AEP, Sunrun)
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Available in 2022.11.21




Spatial Albedo and Ground Irradiance Calcs

1064.15 Meodule Rear Irradiance, Subarray 1(W/m2)

Ground Irradiance Between Rows, Subarray 1 (W/m2)

[meters from row front] 957.732 [meters from row front] 88.2231
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4000

lirne Indesx
lirme Incles:

* SAM allows entry of monthly spatial albedo values by row
e Values incorporated into ground irradiance and rear side irradiance.
e Talk at 2023 PVSC on its use with agrivoltaics:

Ovaitt, Silvana, Austin Kinzer, Matthew Boyd, James Jones, Chris Deline, and Jordan Macknick. Viewfactor and Raytracing for
AgriPV Modeling. No. NREL/PR-5K00-86631. National Renewable Energy Laboratory (NREL), Golden, CO (United States), 2023.
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Bifacial Model Improvements

Irradiance
Distribution

» Bifacial electrical mismatch
» Shading from racking structures
» Bifacial rear soiling

* Edge effects
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NREL's PVWatts™ Calculator

Estimates the energy production and cost of energy of grid-connected
photovoltaic (PV) energy systems throughout the world. It allows homeowners,
small building owners, installers and manufacturers to easily develop estimates
of the performance of potential PV installations.

PVWattsV8 * Now uses same module, thermal, & inverter
' ' models as detailed PV model
* Available in the SAM desktop e Bifacials, snow, wind stow, monthly soiling

application, PySAM, the PVWatts
website, and as an API

» TMY Weather Data available for Ukraine, full
Africa and Europe data coming in 2024
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PV Uncertainty
Model-

in Collaboration
with Sandia

Implemented functionality to
combine specifying multiple
weather years (interannual

uncertainty) with annual
uncertainty factors for
calculation of joint probability
of exceedance (P90 etc.)

Run PV uncertainty simulations >

Sources of Uncertainty
Translation from GHI to GPOA

Horizontal shading

Row shading

STC power (single module rating)
Inverter availability

Spectral response

Cell temperature

Mismatch loss

DC cabling

Transformer

Soiling

Interannual Variability

Select weather file folder: |

| I

Download files from NSRDB for my

Update P value

Custorn Px: 90

—

0 Normal, Mean (mu)=11.5, 5td. Dev. (sigma)=2.5

B Triangular, A=-1, B=0, C=0

B Triangular, A=-5, B=-1, C=0

ﬁ Normal, Mean (mu)=0, Std. Dev. (sigma)=2

Scaled Histogram

% of Data Points

# Bins:| Freedman-Diaconis Formula
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T
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% 402
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Overall uncertainty (Energy (kWh))

P90 7134.58 |Energy (kWh)




Features coming in the next release
Available now in a public Beta version

SAM Downloads

The current version of SAM is SAM 2022.11.21 Revision 3, SSC 280. Use the Download buttons below

to download the current version for Windows, Mac, or Linux.

SAM 2023.10.31 Beta is available for testing!

https://sam.nrel.gov/download.html



Hybrid Simulations (PV+Wind+Battery)

o Includes the following technology
configurations:

= Wind + PVWatts + Battery

= Wind + PVWatts + Fuel Cell +
Battery

= Wind + Detailed PV + Battery
= Generic System + Wind +
PVWatts + Fuel Cell + Battery

A

d

Southern
Company

Features co-funded by Southern
Company and DOE SETO

Choose a performance model, and then choose from the available financial models.

v Hybrid

¥ Power Purchase Agreement

PVWatts Wind Battery Hybrid Single Owner

PVWatts Wind Fuel Cell Battery Hybrid| v Distributed

Photovoltaic Wind Battery Hybrid Third Party - Host / Developer
Generic PVWatts Wi...|l Battery Hybrid

Wind

Generic System

Photovoltaic

Geothermal

» Energy Storage

» Concentrating Solar Power

Industrial Process Heat
Marine Energy

Fuel Cell - PV - Battery
Solar Water Heating

Biomass Combustion
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Dispatch for Self Consumption

Behind-the-meter (BTM) Storage Dispatch Options Features co-funded by Southern
The storage dispatch options determine how and when the battery charges and discharges. Choose an option below and then set dispatch parameters as appropriate. C d DO E S ETO

(O Peak shaving O Battery can charge from grid Battery is AC-connected. Charging from clipped power is

[&) d power targets [&] Battery can charge from system only available for DC-connected batteries. See input

= pUIE g povees g = 3 o can-chaeg) Vru e under Power Converters on Battery Cell and System page.

O Input battery power targets Battery can charge from clipped system power See input under Power Converters on Battery Cell and

() Manual dispatch Battery can discharge to grid System page.

) Retail rate dispatch

(® Self-consumption

(] Charge from system only when system output exceeds load

[] Discharge battery only when load exceeds system output SO u t h e rn
—— Company

The self-consumption dispatch option tries to minimize power imported from or exported to the grid. This is also referred to as 24/7 carbon-free energy. There are no additional inputs
required for this dispatch option,

Self consumption is a new dispatch es heatmap Notice:

method for behind-the-meter systems, [
also called 24/7 carbon-free energy. single Values X

Can be used for generation co-located

with load or g_PPA with transr_mssmn. [Battery number of tin ey e ey
Enables additional outputs with the Battery number of timesteps electric load met by system (year 1) 8760

number of steps when the electric load ‘Battery percent of timesteps electric load met by system (lifetime) 100
iS fuIIy met by the system. Battery percent of timesteps electric load met by system (year 1) mﬂ_
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Sub-hourly Clipping Correction

v' Beta includes method 3.4 MW
from Allen, Hobbs, and =
Bolen 2022

BEEE

v Planning to include
Walker method in the | Iy .
future as well e e

‘ 8.5 MW

- Features co-funded by -
Southern  southern Company i ol
Company and DOE SETO

1.3 ILR

E4BEBEES

dohons
ES 3

2.0 ILR

Sep Oct Hon Dec

Allen, J. O., Hobbs, W. B., and Bolen, M., "Classification Method to Predict the Effect of Short-Term Inverter Saturation on PV

Performance Modeling", PVPMC Workshop 2022, Salt Lake City, UT.

Walker, Andy, and Jal Desai. Distribution Function Instead of Steady-State Assumption in Time-Series Simulation. No.

NREL/PO-7A40-83733. National Renewable Energy Lab.(NREL), Golden, CO (United States), 2022. NREL | 13



Improved PySAM & JSON integration

v" New keyboard shortcuts now |
support loading a case from JSON | e soeere =

%Cl)r:% System Advisor Model Help

Ctrl-F8
Ctrl-Fo

Load case inputs from JSON for SSC file.

Load case inputs from JSON for SSC file and run simulation.

Ctrl-F10 Create a duplicate of the current case. Case, Duplicate
Ctrl-F11 Open the inputs browser with inputs for all cases in the file. File, Inputs browser
Ctrl-Shift-n Open a new script editing window. File, New script
Ctrl-Shift-o Open an Ik script file. File, Open script
Ctrl-o Open a .sam file. File, Open

Ctrl-s Save a .sam file. File, Save

Ctrl-w Close the current SAM file. File, Close

NREL

Keyboard Shortcuts Menu
in addition to saving to JSON = — e
Fs Run a simulation for the current case. Case, Simulate
. F6 Generate a PDF report for the current case. Case, Generate report
v" Useful for loading cases T R
. i Shift-F5 Start the code generator. Case, Generate code
generated In PySAM Or the SDK Shift-F11 Run a simulation for all cases in the file.
H H Shift-F12 Open inputs browser with inputs for current case.
for a more detailed analysis or e
H Ctrl-F6 Load case inputs from JSON file.
debuggl ng Ctrl-F7 Save case inputs as JSON for SSC.
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Features for Digital Twins




Features for Digital Twin Development

* Available in PySAM/SDK
 Detailed PV and PVWatts support sub-annual simulations
 User-specified timeseries for measured module temperature input
 (coming soon) User-specified timeseries tracker angle input

* Available in GUI as well

 User-specified POA irradiance input
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Transforming ENERGY

'il i . : S 3 ke ;N g R, S
-~ it 2 e e \': “ SOk »

This work was authiBred.in part by the National Renewable Energy . Janine (Freeman) Keith = project lead, photovoltaic and. wind models
Laboratory, operated by Alliance for Sustainable Energy, LLC, for the F 3 ; ; ;

U.S. Department of Energy (DOE) under Contract No. DE-AC36- Nate Blair —emeritus lead, financials, costs, systems
08G028308. Fundlng prowded by the U.S. Department of Energy's ‘ Dance Gurttet e Software deve|opment/ battery mode|s

Office of Energy Efficiency and Renewable Energy (EERE) under. the s Brian Miflete - Soft d | ' v batt del
Solar Energy Technologies Office Award Number 38407. The views rian Mirletz — software development, Costs, pattery moadels
expressed in the article do not necessarily represent the views of the Matt Prilliman — photovoltaic, geothermaL and marine energy models
DOE or the U.S. Government. The U.S. Government retains and the . e ) .

publisher, by accepting the article for publication, acknowledges that . Steve Janzou — @G ammimes Utlllty rates, financials Slicleehlirlately
the U.S. Government retains a nonexclusive, paid-up, irrevocable, Paul Gilman — user support and documentation (subcontractor)
worldwide license to publish or reproduce the published form of this Ty N concentrating solar power models

work, or allow others to do so, for U.S. Government purposes. w

Matt Boyd — concentrating solar power models

Photo from iStock-627281636 N R E L/P R'7A40"87987 .



Model Structure

Weather Data Performance %) Financial
Model Model

System Specs Calculate hourly or Calculate after-tax
sub-hourly power annual cash flow
production (kW) from project

Losses perspective (S)
* Monthly, annual
production : NPV
 Capacity factor Compensation LCOE
* Operating Payback period
parameters Operating costs

. Revenue/savings
Production (kWh) Taxes /saving
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Technologies

Photovoltaic

Energy storage
Electric battery
Electric thermal
Pumped thermal

Concentrating solar power

Industrial process heat

Marine energy

Wind power

Fuel cell

Geothermal power

Solar water heating

Biomass combustion

Generic system

Financial Models

Power purchase agreements
Single owner
Partnership flips
Sale leaseback

Residential

Commercial

Third party ownership

Merchant plant

Community solar

Simple LCOE calculator



Desktop Application

Advanced Analysis Features
—  Parametric
—  Stochastic
- P50/P90
Built-in Scripting Language
Macros

How can yOU access Software Development Kit (SDK)
Python (PySAM package)

SAM models? /s
Matlab
PHP
C#
Java
VBA
iOS / Android
*  Web Services API (PVWatts Only)

«  Open-source SAM code
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