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SAM Webinars for 2023

Linkages between NREL’s dGen, REopt, and SAM models           July 11
Financial Models for Utility-scale Projects in SAM                        July 19
Modeling Utility Scale Photovoltaic Projects in SAM               August 23
Modeling Behind-the-meter (BTM) Batteries in SAM        September 20

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

Find webinar recordings at https://sam.nrel.gov/

https://sam.nrel.gov/events.html
https://sam.nrel.gov/
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Agenda

Introduction to dGen

Introduction to SAM

Introduction to REopt

dGen-PySAM interface

SAM GUI-dGen interface demo

dGen-REopt interface demo

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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Forecasting Distributed Energy 
Resources: NREL’s dGenTM Model

• Forecasts adoption of distributed solar, 
storage, wind, and geothermal by 
region and sector through 2050

• Agent-Based Model simulating 
consumer decision-making

• Incorporates detailed spatial data to 
understand regional adoption trends

Source: Cole, Wesley, Will Frazier, Paul Donohoo-Vallett, Trieu Mai, and 
Paritosh Das. 2018 Standard Scenarios Report: A U.S. Electricity Sector 
Outlook https://www.nrel.gov/docs/fy19osti/71913.pdf

Used in several key analysis: Solar Futures Study, Storage Futures Study, 
Distributed Wind Energy Futures Study,  LA100, PR100, LA100-Equity Strategies.

https://www.nrel.gov/docs/fy19osti/71913.pdf


Agent-Based Consumer 
Level Understanding of DERs 
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Resilient Planning for DERs (RiDER): 
Data Standards and Multi-DER Evaluation 

Consumers increasingly co-adopt distributed solar with (a) energy storage, b) energy efficiency 
appliances and (c) electric vehicles. 

Resilient Planning for DERs (RiDER): 
Data Standards and Multi-DER 
Evaluation 

1. Improve Data Standardization and 
Access: Publicly available datasets 

2. Model and Algorithm Development: 
Standardized data (agents) and new 
modules

3. Dissemination and Outreach: Provide 
technical assistance to ISO/RTOs, 
utilities, state and local energy planners, 
local governments, policymakers, and 
regulators.
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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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s Power purchase agreements 

     Single owner
     Partnership flips
     Sale leaseback
Residential
Commercial
Third party ownership
Merchant plant
Community solar
Simple LCOE calculator
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What is PySAM?

Python package that enables you to run the underlying modules that make up a 
simulation in SAM

• Package name nrel-pysam
• Unit modules called compute_modules in the SSC code
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What is PySAM?

Python package that enables you to run the underlying modules that make up a 
simulation in SAM

• Unit modules called compute_modules in the SSC code

A single simulation is a process chaining together multiple unit modules
• Order
• Information needs to be passed from one to the next
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What is PySAM?

Python package that enables you to run the underlying modules that make up a 
simulation in SAM

• Unit modules called compute_modules in the SSC code

A single simulation is a process chaining together multiple unit modules
• Order
• Information needs to be passed from one to the next
• Assembled behind the scenes in SAM user interface
 

PySAM, and SAM's other software development kits, expose these unit modules so 
that they can be customized and embedded in software applications



NREL    |    14

What is PySAM?

Python package that enables you to run the underlying modules that make up a 
simulation in SAM

• Unit modules called compute_modules in the SSC code

A single simulation is a process chaining together multiple unit modules
• Order
• Information needs to be passed from one to the next
• Assembled behind the scenes in SAM user interface
 

PySAM, and SAM's other software development kits, expose these unit modules so 
that they can be customized and embedded in software applications

PySAM does NOT contain all the features in the SAM GUI
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REopt Optimizes Integrated 
Energy Systems

• NREL’s REopt® platform optimizes planning of generation, storage, and controllable loads to maximize the 
value of integrated systems.

• REopt considers electrical, heating, and cooling loads and technologies simultaneously to identify the optimal 
technology or mix of technologies.

• It transforms complex decisions into actionable results for building owners, utilities, developers, and industry.
• REopt analysis guides investment in economic, resilient, sustainable energy technologies.
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REopt Energy Planning Platform
Formulated as a mixed integer linear program, REopt provides an integrated, cost-optimal energy solution.

Renewable Generation
Solar PV
Wind

Conventional Supply
Electric Grid & Fuel Supply
Conventional Generators
Combined Heat and Power

Energy Storage
Batteries
Thermal storage

Geothermal Heat Pumps

Goals
Minimize Cost
Clean Energy

Resilience

Economics
Technology Costs

Incentives
Financial Parameters

Energy Costs & Revenue
Energy & Demand Charges

Market Participation
Escalation Rates

Energy Planning Platform
Techno-Economic Optimization

Technologies 
Technology Mix
Technology Size

Operations
Optimal Dispatch

Project Economics 
Capital Costs
Operating Costs
Net Present Value

Progress Toward 
Goals
Emissions Reduction
Length of Outage 
Sustained
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REopt Provides Solutions for a Range of Users
Including researchers, developers, building owners, utilities, and industry

What is the optimal 
size of DERs to 

minimize my cost of 
energy? 

How do I optimize 
system control across 

multiple value 
streams to maximize 

project value? 

Where do market 
opportunities for 

DERs exist? Now and 
in the future?

What will it cost to 
meet my 

sustainability or 
renewable energy 

goal? 

What is the most cost-
effective way to sustain 
a grid outage spanning 
1 day? What about 9 

days?
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How Does REopt Work? REopt considers the trade-off between ownership 
costs and savings across multiple value streams to 

recommend optimal size and dispatch.

Example of optimal dispatch of PV and BESS

0

5

10

15

20

25

30

M
W

Grid Serving Load PV Serving Load Storage Discharging PV Charging Storage Electric Load

TuesdayMonday Wednesday Thursday Friday Saturday Sunday

Demand Reduction
Setting peak for the month 

Energy Arbitrage
Buy cheap, use high
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Existing dGen->PySAM interface

• Agent data is translated into PySAM format
– PV generation profiles (8760 of kWh/kW) already in 

database
• Remaining model chain:

– Battery
– UtilityRate5
– Cashloan

• Defaults vary by residential vs commercial agent
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Existing dGen->PySAM interface

• Outputs include system size, net present value (NPV), bill 
savings, payback period
– System size is based on best NPV after iterating

• These feed into adoption decisions
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Leveraging SAM Output JSON Files with dGen Model

• SAM allows users to export system input parameters to a 
JSON file format.

• Update existing dGen PySAM integration to utilize exported 
SAM JSON file
– Built in Python functionality to read from input JSON 

values to PySAM Utilityrate function
• Reduce hard coded values, increase accuracy in model 
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QuickStart for exporting JSON from SAM

      
Step 1: Create new SAM project Step 2: From drop down next to project name, select 

“Generate code…” 

Step 3: select “JSON for inputs” Step 4: Select save location and click 
“open”

JSON file will save to 
the selected 
location  in the 
format 
project_name.json
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Proof of Concept: Impact of SAM JSON File 
Integration in dGen Model

Sample dGen Model Values Changing Utilityrate5 ONLY

       With JSON inputWithout JSON input
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Proof of Concept: Changes to dGen Model Code 

dgen_model.py

json_financial_functions.py (new)
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Next Steps in dGen JSON Integration

• Reconfigure original financial_functions.py from dGen model to 
accept JSON file for input
– Reduce overall addition of code to software
– Increase user accessibility to new JSON functionality

• Testing edge cases from SAM options
– Scenarios without Battery 
– No input JSON file 

• Add additional PySAM JSON scenario values
– Battery
– Cashloan
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dGen-REopt interface

dGen Database

PySAM 
formatting

REopt JSON 
format 

PySAM for NPV 
& other metrics

dGen adoption 
decisions

Existing dGen 
translation 
functions

PySAM
code

Run REopt via 
PyJulia, get 
system size Heuristic battery 

dispatch, existing 
dGen metrics 
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Preliminary Results

• Overall adoption lower: 8.7 MW in 2022 with REopt vs 12.6 
MW for SAM iterative method

• Payback periods <= SAM calculated payback for 48/58 agents
• Still some QC to do around utility rate and financial 

representation
– Validation with historical data is planned
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Thank you! Questions?

SAM software: https://sam.nrel.gov/
SAM Repository: https://github.com/NREL/SAM/

PySAM Repository: https://github.com/NREL/pysam
REopt Repository: https://github.com/NREL/REopt.jl

dGen Repository: https://github.com/NREL/dgen

https://github.com/NREL/SAM/
https://github.com/NREL/REopt.jl
https://github.com/NREL/dgen
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Q&A

This work was authored in part by the National Renewable Energy 
Laboratory, operated by Alliance for Sustainable Energy, LLC, for the 
U.S. Department of Energy (DOE) under Contract No. DE-AC36-
08GO28308. Funding provided by the U.S. Department of Energy’s 
Office of Energy Efficiency and Renewable Energy (EERE) under the 
Solar Energy Technologies Office Award Number 38437. The views 
expressed in the article do not necessarily represent the views of the 
DOE or the U.S. Government. The U.S. Government retains and the 
publisher, by accepting the article for publication, acknowledges that 
the U.S. Government retains a nonexclusive, paid-up, irrevocable, 
worldwide license to publish or reproduce the published form of this 
work, or allow others to do so, for U.S. Government purposes.
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