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Agenda

Introduction to SAM

Who uses SAM?

Advanced SAM features

Introduction to GETEM

SAM GETEM inputs and outputs

Live SAM Demonstration

Q&A
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Questions and Answers

Desktop application Instant Join Viewer

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

Find webinar recordings at 

https://sam.nrel.gov/

https://sam.nrel.gov/
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System Advisor Model (SAM) & PVWatts

Free software that enable detailed performance and financial 

analysis for renewable energy systems

https://sam.nrel.gov/

https://pvwatts.nrel.gov/

✓ Desktop application

✓ PVWatts web tool & API

✓ Software development kit 

✓ PySAM Python package

✓ Open source code

✓ Extensive documentation

✓ User support

https://sam.nrel.gov/
https://pvwatts.nrel.gov/
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Performance 
Model

Model Structure

Weather Data

System Specs

Losses

Costs

Compensation

Financing

Incentives

Financial 
Model

Calculate hourly or 
sub-hourly power 
production (kW)

• Monthly, annual 
production

• Capacity factor
• Operating 

parameters

Calculate after-tax 
annual cash flow 
from project 
perspective ($)

• NPV
• LCOE
• Payback period
• Operating costs
• Revenue/savings
• TaxesProduction (kWh) Value ($)
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Photovoltaic

Energy storage

Electric battery

Electric thermal storage

Concentrating solar power

Industrial process heat

Marine energy

Wind power

Fuel cell

Geothermal power

Solar water heating

Biomass combustion

Generic system
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Single owner

Partnership flips

Sale leaseback

Residential

Commercial

Third party ownership

Merchant plant

Community solar

Simple LCOE calculator
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History

Developed by
• Department of Energy

• National Renewable Energy Laboratory

• Sandia National Laboratories

Original vision in 2004
• Allow DOE to make R&D choices based on analysis of the entire system including costs

• Model different renewable energy projects in a single platform

• Facilitate technology comparison by handling performance, costs and financing consistently 

across technologies

Some Applications
• Feasibility studies, benchmarking for other models, research projects, plant acceptance testing, 

evaluation of grant proposals
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SAM Users

SAM is started once every 1.4 minutes

PVWatts receives over 17.5 million hits per month

Over 150,000 users in 190+ countries

120+ webinars with over 280,000 views

Users include Sunrun, Enphase, AEP, Southern Company, EPRI, & more
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Who Uses SAM? Why?

• Lawmakers and Utilities
… to study how a policy would affect the economics of a typical 

system

… to analyze different types of utility rate structures for renewables

• Developers and Engineers
… to compare technologies, sites, or configurations

… to estimate the Levelized Cost of Energy for a system

• Researchers
… to examine how an innovative concept might be able to lower 

the Levelized Cost of Energy

… to estimate the technical potential of a technology in a region

• Students
… to learn about renewable energy

… to explore financing structures for renewable energy
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How SAM Fits in at NREL and Externally

✓ Grid integration studies

✓ Renewable energy futures 

✓ LCOE of breakthrough 

technologies 

✓ Policy and utility rate design

✓ Technical potential studies

✓ Commercial applications 

(e.g. Southern Company, 

AEP, Sunrun)

SAM & PVWatts

Consumer Adoption 

Model- dGen

Capacity Expansion 

Model- ReEDS

Production Cost 

Model- PLEXOS

GeoVision Study Standard Scenarios

Started every 

2 minutes

Over 17.5 million 

hits per month

System Engineers, 

Developers, Utilities. etc. 

System Installers, 

Monitoring platforms, etc.



• Desktop Application

• Advanced Analysis Features

– Parametric

– Stochastic

– P50/P90

• Built-in Scripting Language

• Macros

• Software Development Kit (SDK)

– Python (PySAM package)

– C/C++

– Matlab

– PHP

– C#

– Java

– VBA

– iOS / Android

• Web Services API (PVWatts Only)

• Open-source SAM code

How can you access 
SAM models?
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Built in Scripting Language and Macros

Flexible, lightweight scripting language built in to the SAM desktop 

tool, allowing users to quickly run custom analyses and read/write to 

other files
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Advanced Analysis Features

Built-in parametric, stochastic, probability of exceedance 

(P50/P90), and scripting features enable complex questions to be 

answered quickly and easily



NREL    |    14

Detailed Cash Flow Financial Models

No other tool provides detailed, time-based financial modeling 

across multiple market sectors, including complex utility rates, 

combined with detailed performance modeling
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Open Source Code

✓ Flexible

✓ Transparent

✓ Collaborative

http://sam.nrel.gov/opensource

http://sam.nrel.gov/opensource
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Extensive Help Documentation

• Website – http://sam.nrel.gov

– Support Forum – Ask your question!

– General info/ online help file / contact info

• YouTube Channel

– https://www.youtube.com/user/SAMDemoVideos

– All prior webinars and seminars

• Bi-Monthly Round Table sessions

– SAM team asks questions live 

and interactively

• Email Support

– SAM support can provide 

email support if question/bug 

is involved

http://sam.nrel.gov/
https://www.youtube.com/user/SAMDemoVideos
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Geothermal Electricity Technology Evaluation 
Model

• Performance and Financial 

calculations for geothermal 

power projects

• Excel model with LCOE 

calculations

• Greenfield and Brownfield 

projects

• Developed by Greg Mines (INL)
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GETEM in SAM

• GETEM implemented in SAM for 

technoeconomic analysis

• Updated in 2021-2022 to latest 

version of Excel model

– Pump work calculations

– User-defined reservoir model

– Temperature loss in well bore

• Potential for future development

• Validated for power output in key 

example cases
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GETEM SAM – Geothermal Resource

• Define geothermal 

reservoir

• Pressure, temperature 

changes in reservoir

• Hydrothermal or EGS 

resource

• New: User-entered 

reservoir tables

• New: Default system spec 

dropdown list
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GETEM SAM – Plant and Equipment

• Binary and Flash 

technologies

• Specified plant output

• Thermal decline

• Pumping requirements 

(parasitic loads)

• New: equation for 

temperature loss in 

production well
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GETEM SAM – Costs

• Production and Injection 

drilling cost curves

• Plant cost calculator

• PPI Indices

• Drilling cost curves:  

generated from the Well Cost 

Simplified (WCS) model 

developed by Sandia

• GeoVision Reservoir 

Maintenance and 

Development taskforce report 
(https://doi.org/10.2172/1394062)

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.2172%2F1394062&data=05%7C01%7CMatthew.Prilliman%40nrel.gov%7C23ceb73292e84b2a541408daf8c0278e%7Ca0f29d7e28cd4f5484427885aee7c080%7C0%7C0%7C638095801426110119%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=TT43lwk3kNn%2BKwXTrq%2F5HowUAE28zDZDVByCHMIzCww%3D&reserved=0
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GETEM SAM – Energy Outputs

• Performance metrics: 

annual, monthly, hourly 

energy output

• Graph time series outputs, 

export data to csv or 

image files
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GETEM SAM – Financial Outputs

• Key metrics such as LCOE, 

NPV, IRR, etc…

• Detailed annual cash flows



www.nrel.gov

Photo from iStock-627281636

Live SAM Demo



Photo from iStock-627281636

Thank you! Questions?

Janine (Freeman) Keith – project lead, photovoltaic and wind models

Nate Blair – emeritus lead, financials, costs, systems

Darice Guittet – software development, battery models

Brian Mirletz – software development, costs, battery models

Matt Prilliman – photovoltaic, geothermal, and marine energy models

Steve Janzou – programming, utility rates, financials (subcontractor)

Paul Gilman – user support and documentation (subcontractor)

Ty Neises – concentrating solar power models

Matt Boyd – concentrating solar power models
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Other Resources Online

The following information resources about SAM are available.

• News

• Webinars (mostly on the SAM YouTube channel)

• Weather Data (Description of various weather data sources)

• Sample Files (particularly scripting language examples)

• Financial Model Documentation

• Performance Model Documentation (detailed descriptions)

• System Cost Data (sources and latest cost data discussion)

• Case Studies and Validation (all data/files from our validations)

• Libraries and Databases (i.e. module and inverter specs)

• Source Code (linkages to Open Source code on GitHub)

https://sam.nrel.gov/news
https://sam.nrel.gov/webinars
http://weather/
https://sam.nrel.gov/samples
https://sam.nrel.gov/financial
https://sam.nrel.gov/performance
https://sam.nrel.gov/cost
https://sam.nrel.gov/case-studies
https://sam.nrel.gov/libraries
https://sam.nrel.gov/source


NREL    |    27

A Partial Web of NREL Data & Tools

NSRDB ATB URDB

SAM & PVWatts

DGen ReEDS PLEXOS reVRPM

PySAM/SDK HPC

Storage 

Futures Study

Solar Futures 

Study
LA100 Study

Cambium

WIND Toolkit

Standard 

Scenarios

REopt

OpenEI



The Welcome page displays news from the 
software development team at NREL, and is 
where you start your work in SAM 

List of recent files: Double-click to open a file.

Check here for updates, to open SAM’s Help 
system, and to see Version number and 
registration information.

Start a new project or open an existing one. 
Projects are stored as .sam files.
Scripts are .lk files that store scripts for advanced 
analysis.



To create a new project, click Start a new project 
in the Welcome window, and then choose a 
performance model and financial model for your 
analysis.

List of performance models

Financial models



Source:
The Main window is where you do your work in 
SAM.

Use these buttons to show different input 
pages. The highlight indicates we are now 
looking at the System Design input page.

All of the inputs in SAM have 
default values so you can get 
started learning how to use 
the software.

Use these buttons to run simulations, 
view results, or for advanced 
simulation options.



Source:

“Greyed out” inputs are inactive. In this case the 
Desired array size and DC to AC ratio inputs are 
inactive because Specify modules and inverters is 
selected.

Blue inputs are values that you cannot change on 
this input page. They either come from other 
pages, or are calculated by SAM. For example, the 
module Nameplate capacity is an value that comes 
from the Module page. SAM calculated Number of 
modules by multiplying Modules per string by 
Strings in parallel.



A case is like a worksheet in an 
Excel workbook, it is a complete 
set of inputs and results. A project 
can have one or more cases.

Click Add to add a case to your 
project. You can use multiple cases 
for comparison or to model a 
complex system.

The Case menu lists commands 
for the current case. Click v to 
see the menu.



Source:

After you run a simulation, use 
the Results page to view results.

Use these tabs to view results in 
different formats.



Use these buttons to export data from 
tables to your documents.

Right-click (or Control-click) graphs to 
export images or data from graphs.



Source:

Add notes to pages you want to make 
notes for yourself or colleagues.

The yellow icon indicates 
there is a note for this page.

To remove a note, delete all of 
the text (including spaces) in 
the note box.



Source:

Click Help, or press the F1 key 
to display help.



Use the File menu to save 
your project files as .sam files.

If your project has more than 
one case, use the inputs 
browser to compare inputs.

See the “Getting Started” and 
“Reference” topics in Help for 
more details about SAM’s user 
interface.
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