
Rename Yourself to be your Real Name (Company Name)

1. Click on Participant list

2. Go to the right and hover over your 

name

3. Select “More” & “Rename”

4. Enter your company name in 

brackets

5. Turn on your camera ☺
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Evaluating a Renewable Energy System

Virtual Training: Onsite Energy Generation and Storage

Session #3

June 17, 2025

10:00am – 12:00pm EST 



General Information

▪ Schedule: Every Tuesday (June 3rd – July 8th) morning 

@ 10am ET

▪ Sessions will be recorded

▪ We want these VT to be interactive!

▪ We’re hoping you finish the VT with some big progress 

▪ There will be homework – just try your best!
▪ “You’ll get out what you put in!”

Links:

https://bptraining.ornl.gov/ 

http://betterbuildingssolutioncenter.energy.gov/better-plants

https://measur.ornl.gov    

https://bptraining.ornl.gov/
http://betterbuildingssolutioncenter.energy.gov/better-plants
https://measur.ornl.gov/


Training Overview

1. 06/03: Introduction to Onsite Energy Generation

2. 06/10: Exploring Renewable Energy For Your Facility

3. 06/17: Evaluating a Renewable Energy System

4. 06/24: Renewable Energy Success Stories and Overview Of Geothermal Systems

5. 07/01: Overview of Combined Heat and Power, Onsite Biomass, and Small Modular Reactors

6. 07/08: Considerations for Renewable Energy and Supply Options



Agenda

1

2

3

4

5

▪ Homework Discussion and Recap

▪ Introduction to System Advisor Model (SAM)
▪ Indraneel Bhandari, ORNL

▪ REopt: Energy Decision Analysis 
▪ Bill Becker, NREL

▪ Q&A

▪ Homework Assignment



Review of Homework #2: PVWatts Calculator

Please use the link below to access the PV Watts Tool tool to estimate the 
energy production of grid-connected photovoltaic (PV) energy system for 
your facility.

▪ Data needed before running the simulation:

1- Address of facility or intended location
Example: 2350 Cherahala Blvd, Knoxville, TN 37932

Please write below your location and estimated system size:

Address: ___________

Select Area: Using mouse

System Capacity: ___kW https://pvwatts.nrel.gov

https://pvwatts.nrel.gov/


Review of Session #2 Homework

▪ Go to https://pvwatts.nrel.gov/ 
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https://pvwatts.nrel.gov/


Review of Session #2 Homework

▪ Go to https://pvwatts.nrel.gov/ 
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Help and Documentation

https://pvwatts.nrel.gov/


Review of Session #2 Homework
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1. Enter facility address here



Review of Session #2 Homework
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2. After verifying information, click “system Info”



Review of Session #2 Homework
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3. Adjust roof size



Review of Session #2 Homework
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3. Draw system design

4. Click “Save”



Review of Session #2 Homework
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5. Review system capacity

6. System details

7. Advanced Parameters 

cover additional 

information for specific 

systems and equipment 

selection



Review of Session #2 Homework
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8. Download results



Homework Submission #1

▪ Automotive Facility in Michigan

▪ 2,151,156 kWh per annum

▪ Average Demand 390 kW and Peak Monthly Demand 516 kW
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Homework Submission #1

▪ Automotive Facility in Michigan

▪ 2,151,156 kWh 

▪ 47,916 SF of vacant land available

▪ 230,000 SF landscape and parking lot

▪ Roof determined to be unsuitable to 

support solar panels



Homework Submission #1

▪ Automotive Facility in Michigan

▪ 2,151,156 kWh 

▪ 47,916 SF of vacant land available

▪ Roof determined to be unsuitable to 

support solar panels



Homework Submission #1
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642 kW 

System Size



Homework Submission #1
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642 kWdc System Size
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Homework Submission #2

▪ Automotive Facility in South Carolina

▪ 28,000 SM or 300,000 SF of ground area available

4,200 kWdc System Size



Homework Submission #2

▪ Automotive Facility in South Carolina

▪ 5,690 SM or 62,200 SF of roof area available

853 kWdc 

System 

Size



Agenda

1

2

3

4

5

▪ Homework Discussion and Recap

▪ Introduction to System Advisor Model
▪ Indraneel Bhandari, ORNL

▪ REopt: Energy Decision Analysis 
▪ Bill Becker, NREL

▪ Q&A

▪ Homework Assignment
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Evaluating a Renewable Energy 

System
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System Advisor Model (SAM)

▪ SAM – System Advisor Model
▪ Developed by NREL

▪ SAM can model many system type:
▪ PV, PV + Battery Storage, Wind

▪ Battery Storage (BESS)

▪ Concentrating Solar Power for electric generation

▪ Solar Water Heating

▪ Geothermal Power Generation…

Source: NREL.gov, sam.nrel.gov

System Advisor Model  Version 2025.4.16 (SAM  2025.4.16) 
Website. PV Cost Data. National Renewable Energy Laboratory. 
Golden, CO. Accessed May 23, 2025. 
https://sam.nrel.gov/photovoltaic/pv-cost-component.html.



System Advisor Model (SAM)

▪ SAM – System Advisor Model

Resource 
Availability

System 
Specs

System 
Losses

Location

Electric 
Power 

Generation

Costs

Financing

Capital

Incentives

Credit/Export

Value Stack

Generation

LCOE

Capacity Factor

Payback

NPV

System Advisor Model  Version 2025.4.16 (SAM  2025.4.16) Website. PV Cost 
Data. National Renewable Energy Laboratory. Golden, CO. Accessed May 23, 
2025. https://sam.nrel.gov/photovoltaic/pv-cost-component.html.



System Advisor Model (SAM)

▪ Download SAM – System Advisor Model

▪ Click the following result



System Advisor Model (SAM)

▪ Enter email and click “Register”

▪ Enter key and click on “Confirm”



System Advisor Model (SAM)

▪ Download SAM – System Advisor Model

▪ Click the following result

2025 version now 

available
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Switch to Demo



System Advisor Model (SAM)

31

To Start a new Project



System Advisor Model (SAM)

▪ SAM Demonstration

▪ Switch over to SAM on Desktop Applications

▪ Simple system demo

▪ System setup

▪ Viewing results

▪ Detailed models 
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SAM Curricula: https://sam.nrel.gov/training-curricula.html

System Advisor Model  Version 2025.4.16 (SAM  2025.4.16) 
Website. PV Cost Data. National Renewable Energy Laboratory. 
Golden, CO. Accessed May 23, 2025. 
https://sam.nrel.gov/photovoltaic/pv-cost-component.html.



System Advisor Model (SAM)

33



1. Selecting Wind Resource
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2. Selecting Wind Turbine
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3. Specify Wind Farm Size
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4. Specify Systems Losses
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5. System Costs
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6. System Costs
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7. Incentives
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8. Electric Rates
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8. Electric Rates
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9. Electric Rates
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9. Electric Rates
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Resources and Tutorials
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▪ SAM Training and Curricula

▪ https://sam.nrel.gov/training-curricula.html 

▪ https://sam.nrel.gov/forum.html 

▪ 2024 Electricity ATB Technologies and Data Overview

▪ https://atb.nrel.gov/electricity/2024/index

▪ NSRDB: National Solar Radiation Database

▪ https://nsrdb.nrel.gov/data-viewer 

Contact the SAM team: sam.support@nrel.gov 

https://sam.nrel.gov/training-curricula.html
https://sam.nrel.gov/forum.html
https://atb.nrel.gov/electricity/2024/index
https://nsrdb.nrel.gov/data-viewer
mailto:sam.support@nrel.gov
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5 Minute Break



Today’s Speaker

U.S. DEPARTMENT OF ENERGY ONSITE ENERGY TECHNICAL ASSISTANCE PARTNERSHIPS

Bill Becker

Senior Research Engineer, NREL



Photo by Josh Bauer, NREL 61725

REopt®: an Onsite Energy Decision 
Support Tool 

Bill Becker, NREL
June 2025
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Will Distributed Energy Resources 
(DERs) Work for Your Site?

Many factors affect how DERs may provide cost savings and resilience to your site. 
REopt allows these factors to be evaluated concurrently.

Local Energy  
Resource

Technology Costs 
and Incentives

Site Energy 
Goals

Utility Cost and 
Consumption

Financial 
Parameters
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REopt Energy Planning Platform
Formulated as a mixed integer linear program, REopt provides an integrated, cost-optimal energy solution.

Site Energy Goals

Energy Planning Platform
Techno-Economic Optimization

Technologies

Operations

Project 
Economics 

Resilience and 
RE/Emissions 
Metrics

Advanced Load Modeling

Results: 
Integrated, Cost-Optimal 

Energy Solution

Electric Heating Cooling

Detailed Technology 
Models

Renewable 
Generation

Energy Storage

Heat Pumps

Conventional 
Supply

CHP

Economics Resilience RE/Emissions

Combined Heat 

and Power
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• REopt is a screening tool which identifies potential economic (+other) 
opportunities for DERs at a site

– The optimistic nature of it “errs” on the side of including all economic potential, 
although it’s possible that other benefits (economic or not) are not included

• The detailed financial metrics should not be considered investment-
grade/bankable

• Experienced practitioners are required to at least review a REopt analysis

– The Onsite Energy Program has technical experts to support onsite energy technical 
assistance

• The results of a REopt analysis and report allows the end-user to be more 
informed about the potential of different onsite technologies and make decisions 
about doing a deeper dive evaluation and talking to developers

General Scope of REopt Analysis

https://betterbuildingssolutioncenter.energy.gov/onsite-energy
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REopt Web Tool and API Usage Metrics

77,000 users*

3.8 million

from homeowners to commercial and industrial entities to governments and 
communities to ports/airports and utilities. 

*Total 7-year REopt web tool lifetime users; 29K active users in FY24
  REopt has been used at NREL since ~2010, public “light” version in 2018, and open-sourced in 2021

Core tool used for the 
Onsite Energy Program



REopt Minimizes the Life 
Cycle Cost of Energy

Life cycle cost (LCC) of energy: The present value of all costs of energy at the site throughout the analysis 
period.

 

 

Net present value (NPV) of DER system: The life cycle cost savings (difference in LCC) between the business-
as-usual (BAU) case and the optimized (OPT) case. 

 

LCC
Capital 
Costs

Available 
Incentives

O&M 
Costs

Electric 
Grid 

Purchases

Fuel 
Purchases

NPV LCCBAU LCCOPT
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How Does REopt Work? 
REopt considers trade-offs between DER costs and 

savings across multiple value streams to recommend 
optimal size and dispatch.
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Grid Serving Load PV Serving Load Storage Discharging PV Charging Storage Electric Load

Demand Reduction

Setting peak for the month 

Energy Arbitrage for TOU Energy Rates

Store when cheap, use when expensive

Example of optimal dispatch of photovoltaics (PV) and a 

battery energy storage system (BESS)
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How Does REopt Evaluate Resilience?

How does REopt evaluate 

resilience?

REopt optimization first identifies 

DER sizing and dispatch that 

minimize life cycle energy costs for 

grid-connected operations and can 

support critical loads during 

user-specified grid outage(s).

REopt’s Energy Resilience Performance (ERP) 

capability then evaluates all possible grid outages 

of the user-specified outage duration to identify the 

overall probability of outage survival, 

considering DER availability and reliability. 
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REopt Web Tool User 
Interface

REopt web tool provides free, publicly available, 
user-friendly capabilities from NREL's 
comprehensive open-source REopt model.

Choose if you want to only focus on cost savings 
only, or also include other requirements such 
as resilience

Choose the technologies you want to evaluate

Input site data and optionally customize other 
inputs such as technology costs

→ άDŜǘ wŜǎǳƭǘǎέ

Access the REopt web tool at reopt.nrel.gov  

https://reopt.nrel.gov/tool
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REopt Web Tool 
Key Outputs

Technology Sizes and Net Present Value

Operations: Hourly Dispatch

Detailed Financial Outputs



NREL    |    60

REopt Open-Source Code

REopt’s capabilities are also accessible via 
open-source code (application 
programming interface (API) and Julia 
package), enabling: 

• Large-scale analysis,

• Customization, and 

• Tool integration. 

Helper-scripts available at: 
https://github.com/NREL/REopt-Analysis-Scripts

NREL explored solutions for increasing affordability of DC fast 
charging (DCFC) nationwide through pairing with solar, 
storage, and building loads.
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Accessing REopt

Interface Description

REopt Web Tool
reopt.nrel.gov

• Easy-to-use web access
• Key standardized capabilities
• Results visualization and downloads
• User accounts

REopt API
github.com/NREL/REopt_API/wiki 

• Open-source code
• Additional features and capabilities
• Facilitates large-scale analysis and customization
• API: Leverage NREL computational resources
• Julia package: Faster solve times, users can run locally

REopt Julia Package
github.com/NREL/REopt.jl/wiki 

REopt Analysis Scripts
github.com/NREL/REopt-Analysis-Scripts/wiki 

• Scripts (e.g., Jupyter notebooks) to use the API and Julia 
package

Additional Resources
• Web tool user guides—Web tool user manual, quick-start videos and fact sheets, YouTube tutorials and webinars, curriculum materials: 

reopt.nrel.gov/user-guides.html 
• User forum—Landing page for questions asked and answered regarding the web tool, API, Julia package, and analysis scripts: 

github.com/NREL/REopt-Analysis-Scripts/discussions 

https://reopt.nrel.gov/
https://github.com/NREL/REopt_API/wiki
https://github.com/NREL/REopt.jl/wiki
https://github.com/NREL/REopt-Analysis-Scripts/wiki
https://reopt.nrel.gov/user-guides.html
https://github.com/NREL/REopt-Analysis-Scripts/discussions


https://reopt.nrel.gov/tool

REopt Web Tool Demo
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Web Tool Demo Summary

• Evaluated an example large industrial facility in Cincinnati, OH which operates two-
shifts on weekdays (16/5) with large electric and process heat loads.

• Interval data used for electric load profile, and schedule-based load profile with monthly 
gas consumption used for the process heat load

• Electric rate included energy and demand charges

• Considered different technologies including combined heat and power (CHP), solar 
PV, and battery storage

• Considered a resilience requirement to sustain a 4-hour outage

• Viewed the different outcomes of technology sizing, operations, and economics

• Showed how logged-in users’ “Saved Evaluations” can be reviewed and compared 
in a downloadable spreadsheet
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Web Tool Demo Tips

• Create an account or log in for your evaluations to be saved

• Follow the instructions at the top of the page, and generally work top-to-bottom

• There are dependencies on the selections below based on the selections up at the top

• Click on the blue circles next to the inputs for more information

• The Help Manual has a lot more information on technologies and other considerations

• If you want to evaluate specific technology sizes, specify those in the technology section as 
min=max size

• Results: high level summary of DER sizes and lifecycle cost at the top, detailed dispatch data in 
the middle, then the Results Comparison table has detailed

• Saved Evaluations page (click button at upper right) has previous runs

• Pull up results, or copy to work off of those inputs

• Allows downloading a spreadsheet of results data for multiple runs to compare

• Share results page URLs with others to collaborate, but they should also be logged in



www.nrel.gov

Thank you!

This work was authored by the National Renewable Energy Laboratory for the U.S. Department of Energy 
(DOE), operated under Contract No. DE-AC36-08GO28308. Funding provided by U.S. Department of Energy 
Office of Energy Efficiency and Renewable Energy. 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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Questions?
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Thank you!



Homework #3: Evaluate a Solar PV System using REopt

▪ Data needed before running the simulation:

1- Address of facility or intended location
Example: 2350 Cherahala Blvd, Knoxville, TN 37932

2- Electricity rate (Utility Company and Rate Structure/Schedule)
Example: Industrial/City of Alcoa Utilities, Tennessee: GSA-3

3- Load Profile (Annual or Monthly kWh of electricity)
Example: 24/7 Schedule Flat Load (1,845,968 kWh) or use utility bills from Week-1 HW

▪ After completing the simulation, please write below:

1- The recommended size of the solar PV system: _______ kW (or MW)

2- Average Annual PV Energy Production: __________ kWh (or MWh)

3- Total CO2 emissions reduced in Year 1: _________ tons

4- Savings in utility cost in Year 1: $_________

5- Economics:

a) Net Present Value (NPV): $______ 

b) Payback Period (PBP): _____ years 

c) Internal Rate of Return (IRR):_____%

https://reopt.nrel.gov/tool 
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https://reopt.nrel.gov/tool
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