Rename Yourself to be your Real Name (Company Name)

Click on Participant list

2. Goto the right and hover over your
name

3. Select “More” & “Rename”

4.  Enter your company name in
brackets

5.  Turn on your camera ©

.....

@ Plants_

Strategic Energy Management
(SEM) with ISO 50001 and
50001 Ready

.
Wl |

ORNL 50001 Ready Training
Wabinar Series, Session 1
February 9, 2021

10:00 a.m. to 12:30 p.m.

OGO0O0OLOONODNOD0DOD!

ENERGY

J Rename >

Enter a new screen name:

[Thomas Wenning (ORNL) J

Remember my name for future meetings

o IR

EEEEEEEEEEEE
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Virtual Training: Onsite Energy Generation and Storage

Evaluating a Renewable Energy System

Session #3
June 17, 2025
10:00am — 12:00pm EST
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General Information

Schedule: Every Tuesday (June 39 — July 8") 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.qov

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

Training Overview

1.
2.
3.
4.
S.
6.

06/03: Introduction to Onsite Energy Generation

06/10: Exploring Renewable Energy For Your Facility

06/17: Evaluating a Renewable Energy System

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

07/01: Overview of Combined Heat and Power, Onsite Biomass, and Small Modular Reactors
07/08: Considerations for Renewable Energy and Supply Options

EEEEEEEEEEEE
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Homework Discussion and Recap

= Introduction to System Advisor Model (SAM)
= [ndraneel Bhandari, ORNL

= REopt: Energy Decision Analysis
= Bill Becker, NREL

'Q&A

=  Homework Assignment

Be“er U.S. DEPARTMENT OF
P ENERGY



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

EI.'
Please write below your location and estimated system size:
Address:

Select Area: Using mouse EE.;E -

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

EEEEEEEEEEEE
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https://pvwatts.nrel.gov/

Review of Session #2 Homework

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

E-
[w] 25

PVWatts® Calculator

English

Get Sta[ted Enter a Home or Business Address : Espaiiol HELP FEEDBACK
KpalHCbKa

NREL's PVWatts™ Calculator

Estimates the energy production 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.

Better
Plants_

U.S. DEPARTMENT OF
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https://pvwatts.nrel.gov/

Review of Session #2 Homework

= Go to https://pvwatts.nrel.gov/ Help and Documentation
PVWatts® Calculator LiNREL

e English

Sl Enter a Home or Business Address » Espaiiol
Get Started: 60 P FEEDBACK

NREL's PVWatts™ Calculator

Estimates the energy production 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.

U.S. DEPARTMENT OF

Better ENERGY
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https://pvwatts.nrel.gov/

Review of Session #2 Homework

1. Enter facility address here

\

PVWatts® Calculator :: NREL

e English

Get Sta[ted nter a Home or Business Address [ GO » J Y:::!ﬁlﬂ HELP FEEDBACK

NREL's PVWatts™ Calculator

Estimates the energy production 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.

U.S. DEPARTMENT OF

Better ENERGY
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Review of Session #2 Homework

English

MyLocation 2990 Cherala B Ko, T 7932 bt | P | FEDBACK 2. After verifying information, click “system Info”

Yepalncuka

» Change Location

b
RESOURCE DATA SYSTEMINFO RESULTS

SOLAR RESOURCE DATA

The latitude and longitude of the solar resource data site is shown below, along with the distance between your
location and the center of the site grid cell. Use this data unless you have a reason to change it.

Go to
systemInfo
Solar resource Lat, Lng: 35.07, -84.14 Lami
data site at Lng: 35.97, -64. Aam
Resource Data Map

The biue rectangle on the map indicates the NREL National Solar Radiation Database (NSRDB) grid cell for your
location. If you want to use data for a different NSRDB grid cell, double-click the map to move the rectangle.
Dragging the rectangle will not move it.

If your location is outside the NSRDB area, the map shows pins for the nearest aliemate data sites instead of a
rectangle: Click a pin to choose the site you want to use.

See Help for details.

Rocky Top las] L 4 )

Luttrell

Map Satellite

Norris:

Briceville N
~“Blaine
X Rict
" Frozen Head L
Wartburg, State Purkp (
e Skaggston
Marlow ™ Sitants
27} OliverSprings
= A v Trentville
OakRidge Dz
Oakdale w
Harriman # Kimberlin
ot Kingsley Heights  Boyd
o o Station
= P - - B
Mgt g FITE AN Seyiour |
2N faar
{C.- edar Grove £ 4 =
| g Rockford
Anglers Cove }-E// Louisville )
P Lenalr City \ Ahicoa |ZD)
o Maryville
¢ N e : ) A ~ Melrose
h SUdon i 1 Walland _—
Googl TellicoVil Sinfiek, J =
4 ellico Village !
200 Philadainhia [ A S Map dats @ le 5kmi 1 | Terms
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Review of Session #2 Homework

English

. | 2360 Cherahala BIvd, Knoxville, TN 37932 "
My | ocaTion e Ewid | HELP  FEEDBACK
» Change Location Yipalcsia

v

RESOURCEDATA SYSTEMINFO RESULTS

SYSTEM INFQ

Modify the inputs below to run the simulation.

Go to DC System Size (kW): 4 o Rooftop Size Go to
resource Fstimator PVWatts
data Module Type: Standard () results

Click below to estimate
the system size from

Array Type: Fixed (open rack) o your roof area on a 3 . AdJ ust rOOf S|Ze

map. (optional)

System Losses (%): 14.08 ﬂ Elcﬁsulamr
Tilt (deg): 20 o e A\

\\.’ -
Azimuth (deg): 180 ()

Advanced Parameters
11
U.S. DEPARTMENT OF
# Better

QPlants ENERGY




Review of Session #2 Homework

Rooftop Size Estimator a

Click the map below to draw the area to be occupied by the array. The size estimate is based on the area of a horizontal polygon. It does not

account for roof it and azimuth, or shading.

System Capacity: 173.4 RWdc (1156 m2)

3. Draw system design

4. Click “Save’

RESET CANCEL
[ reser Jj canceL | save |

12
U.S. DEPARTMENT OF

ENERGY
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Review of Session #2 Homework

English

MY Location 23.60 Cherahala Blvd, Knoxville, TN 37932 Espafiol HELP  FEFDBACK
» Change Location Yrpalncsia

5. Review system capacity

w

RESOURCE DATA SYSTEM INFO RESULTS

SYSTEMINFO

Modify the inputs below to run the simulation.

6. System details

Goto DC System Size (kW): 173.4 o Rooftop Size
e - Estimator
data Module Type: Standard o
Advanced Parameters
Array Type: Fixed (open rack) ﬁ your roof area on a DC 1o AG Size Ratio: 12 (i ] 7 ! Advanc_e_(j Param ete rS
map. (optional)
System Losses (%) 14.08 ﬂ Elé ot Inverter Efficiency (%): 9 (i) COVe r ad d Itl O n al
e . o | i = information for specific
) Albedo: From weather file (i ] .
Azimuth (deg): 180 o Bifacial: No e SyStemS and eq UIpment
Monthly Irradiance Loss ~ Jan: 0 (i ] S e | e Ctl O n
(%):
Advanced Parameters war |0
Apr: 0
May: 0
July: 0
Aug: 0
sept: 0
Dec: 0
13

Be“er U.S. DEPARTMENT OF
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Review of Session #2 Homework

RESULTS 234,210 kwh/Vear*

=¥ Print Resuits System output may range from 230,088 to 248,075 kivh per year near this location.
Click HERE for more information.

Month Solar Radiation AC Energy
(kwh / m? day) (kWh}
January 3.54 15,457
February 3.84 14,807
March 474 19,524
April 5.70 21,937
May 6.13 24,054
June 6.27 23,254
July 6.14 23,444
August 6.03 22,984
September 561 21,008
October 4.90 19,557
November 3.66 14,873
December 305 13,313 8. Download results
Annual 4.97 234,210

User Comments /

Type here to add optional comments to printout.

|i| Download Results:  Monthly | Hourly Find A Local Installer

14 * Caution: The PWWatts energy estimate is based on an hourly performance simulation using
a typical-year weather file that represents a mufti-year historical peried for Knoxville, TH for a Fixed (open rack) photovoltaic
system. The KWh range is based on analysis of a nearby data site described here.

U.S. DEPARTMENT OF

These results are based on assumpfions described in Help that may not accurately represent technical characteristics of the
] project you are modeling.

am



Homework Submission #1

= Automotive Facility in Michigan

= 2,151,156 kWh per annum
= Average Demand 390 kW and Peak Monthly Demand 516 kW

Electric Utility Bills
Monthly Peak Demand kW

250,000 $0.15
600

$0.13
200,000
——— $0.11 S0
150,000 $0.09
400
$0.07
100,000 $0.05 300
$0.03
50,000 200
$0.01
- $(0.01) 100

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

kWh Electric
S/kWh

kW Demand

Jan Feb  Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

mmm Monthly Electric Use kWh e S /kWh Months

EEEEEEEEEEEE

Better ENERGY
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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

Better
Plants_




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

U.S. DEPARTMENT OF

Better
Plants_ ENERGY




Homework Submission #1

SULTS
U 821,959 kwh/ear*
System output may range from 792,615 to 845,138 kWh per year near this location.
Month - ___Sdlariﬁadiatior;. - AC_I-E;gy B
(kWh I m? / day ) (kWh )
January - - ;.;47 - _ -_.';8,%
February 3.42 52,699
March 4.45 74,119
April 5.40 84,326
May 5.91 92,485
June 6.49 96,166
July 6.44 97,129
August 5.83 88,885
September 5.16 77,824
October 3.36 54,123
November 2.29 36,899
December 1.69 28,537
Annual 4.39 821,960

PV System Specifications

DC Syst;m Size
Module Type

Array Type

System Losses

Array Tilt

Array Azimuth

DC to AC Size Ratio
Inverter Efficiency
Ground Coverage Ratio
Albedo

Bifacial

Monthly Irradiance Loss

Standard

Fixed (open rack)

14.08%

20°

180°

12

96%

0.4

From weather file

No (0)

Jan Feb Mar Apr May
0% 0% 0% 0% 0%

July Aug Sept Oct Nov
0% 0% 0% 0% 0%

June
0%
Dec
0%

18
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Homework Submission #1

19

kWh Electric

250,000

200,000

150,000

100,000

50,000

Annual Load vs Generation, kWh

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months

B Monthly Electric Use kWh Solar Generation kWh

642 kWdc System Size

RELUTS 821,959 kwh/Year*
System output may range from 792,615 to 845,138 kWh per year near this location.
o 7ionth - SdlariRadiatior; - . AEiE;gy N
(KWh/m? / day) R )
ilanuary - ;; - 38,768 )
February 3.42 52,699
March 4.45 74,119
April 5.40 84,326
May 5.91 92,485
June 6.49 96,166
July 6.44 97,129
August 5.83 88,885
September 5.16 77,824
October 3.36 54,123
November 2.29 36,899
December 1.69 28,537
Annual 4.39 821,960

Better
Plants
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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

RESULTS 5,803,9 73 RWh/Year* Map Satellite
g Print Results System output may range from 5,604,897 to 5,967,261 kWh per year near this location.
Click HERE for more information
Month Solar Radiation AC Energy
(kwh i m? { day ) (KWh)
January 3.80 392,827
February 4.23 389,605
March 5.13 505,117
April 593 548,827
May 6.46 604,724
June 5.93 528,379
July 6.36 577,907
August 5.94 545,745
September 5.58 505,578
October 4.99 475,822
November 3.99 386,295
December 3.33 342,146
Annual 5.14 5,803,972

Better
Plants_
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Homework Submission #2

= Automotive Facility in South Carolina
= 5690 SM or 62,200 SF of roof area available

RESULTS 1,178, 745 hWh/Year

g Print Resuits System output may r: 689 k 4«
HERE r mol -'..r m

Month Solar Radiation AC Energy
853 kWdc
January 3.80 79,780
Sy S t e m February 423 79,126
Si Ze March 5.13 102,586
April 5393 111,666
May 6.46 122,815
June 5.93 107,310
July 6.36 117,369
August 5.94 110,837
September 5.58 102,679
October 499 96,636
November 3.99 78,454
December 3.33 69,487

Annual 5.14 1,178,745

U.S. DEPARTMENT OF

Plants. ENERGY




= Homework Discussion and Recap

= Introduction to System Advisor Model
= [ndraneel Bhandari, ORNL

= REopt: Energy Decision Analysis
= Bill Becker, NREL

=  Homework Assignment

'Q&A

Be“er U.S. DEPARTMENT OF
P ENERGY
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System Advisor Model (SAM)

M/ system
= SAM - System Advisor Model §o% Advisor
= Developed by NREL /N> Model

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.

= 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...

Better Source: NREL.gov, sam.nrel.gov U-S- DEPARTMENT OF

Plants ENERGY




System Advisor Model (SAM)

Q\\/ﬁ System
= .‘\u -P"’ B
SAM — System Advisor Model ’57\:‘3 wglor

Resource
Avalilability
' Generation
Costs Incentives
LCOE
Electric ( ) [ )
Power . . . Capacity Factor
Generation — Financing — Credit/Export P y
Payback
| NPV
—  Capital — Value Stack
B i System Advisor Model™ Version 2025.4.16 (SAM™ 2025.4.16) Website. PV Cost U.S. DEPARTMENT OF
‘ ewner Data. National Renewable Energy Laboratory. Golden, CO. Accessed May 23, ENERGY
‘ PI?“ts 2025. https://sam.nrel.gov/photovoltaic/pv-cost-component.html.



System Advisor Model (SAM)

» Download SAM — System Advisor Model Go g|€

©  System Advisor Model|

= Click the following result e

EVENTS DOWNLOAD SDK/PYSAM v

" + Download

B SAM Versions

The current version of SAM™ is SAM 2024.12.12, SSC 298, Use the Download buttons below to Q\"//) System
Version 2021.12.00 download the current version for Windows, Mac, or Linux N O% Advisor
Version 2020.11.39 2SS
e When you first run SAM, you will need to register SAM: Type your email address and, if you are new to O/H\Qr Model

. . SAM, click Register to receive a free software key, or paste your existing key and click Confirm to
fecsion 2018.15.1
confirm vour existing key. (If vou lost your key, either copy it from the Registration page of an older version of SAM, or click Confirm

%6 without typing a key to have it automatically emailed to you.)
Version 2017817

If you have an older version

Version 201 AM on your computer, when you install the new version, it will install side-by-side with older verions(s).

Different versions of SAM are independent of each other, so you can install and run different versions simultaneously for comparisons. You

can remove (aninstall) older versions of

M when you are finished using them

If you need to download an older version of SAM, use the list at left to find the version you need.

L] Release Help System Help System Introductory
- Notes. as PDF an Website Video
-
-
- DView is SAM's data viewer that displays hourly and subhourly time series data in graphs and tables. Legacy versions of DView as a
- standalone application are available from the BEo; chsite
-
. SAM 2024,12.12 for Windows
- + 19228 de
@  Version 0.
Version 2. SAM 2024.12.12 requires Windows 11/10/8 (64-bit). Please let us know if you

& Version s i (64 s

have any trouble installing SAM. (exe, 6358 MB)

Windows Installation Instructions sam-windows-2024-12-12.exe

* Double click the installation file and follow the instructions in the
installation wizard. By default SAM will install in the 924, folder.
SAM 2024,12.12 for Mac
SAM 2024.12.12 requires MacOS 12 Monterrey or later.
‘ . Download
" : (pkg. 170.32 MB)
Mac Installation Instructions
* Double-click the package (.pkg file) to run the installation program. sam-macos-2024-12-12.pkg

. DEPARTMENT OF
Better

Plants ENERGY
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System Advisor Model (SAM)

= Enter email and click “Register”

= Enter key and click on “Confirm? | swsesson x
e | <o

ey: I Confirm

Help Proxies..

EEEEEEEEEEEE

Better Us.
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System Advisor Model (SAM)

= Download SAM — System Advisor Model

SAM 2025.4.16

\l/o. system
l‘QO% Advisor

NS Model

Start a new project >

Open a project file

= Click the following result

New script Open script

2025 version now
avalilable

Quick start for new users >
Help contents

Check for updates...

istration About
3 —

=iNREL

Transforming ENERGY

Welcome

SAM 2025.4.16 is now available for download! This version updates the geothermal cost model with more drilling cost detail, improved
capital and O&M cost models, and makes geothermal cost model calculations available in the PySAM Python package that were
previously only available in the SAM user interface. It also adds an option for a counterflow heat exchanger to SAM's Industrial Process
Heat (IPH) models for a more realistic representation of the thermal load. See the release notes for a complete list of new features and
fixes.

If you are new to SAM and looking for training, the Training and Curricula page on the SAM website lists online courses offered by the
RMI Energy Transition Academy and the Midwest Renewable Energy Association.

Do you have a question or feedback about SAM? Would you like to meet the SAM team? Join us for a SAM Round Table! Registration is
free. These 30-minute online sessions are held once a month. All you need to participate is a computer with an internet connection.

You are using SAM 2025.4.16. The latest version is SAM 2025.4.16 (SSC 302)
To see complete version information for your SAM installation, click About in the lower left corner of this window.

# Better
@ Plants
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Switch to Demo

U.S. DEPARTMENT OF



System Advisor Model (SAM)

SAM 2025.4.16

§\||/,2 System

O Advisor

¥
SO Aave :NREL

Transforming ENERGY

To Start a new Project —

Welcome

SAM 2025.4.16 is now available for download! This version updates the geothermal cost model with more drilling cost detail, improved
capital and O&M cost models, and makes geothermal cost model calculations available in the PySAM Python package that were
previously only available in the SAM user interface. It also adds an option for a counterflow heat exchanger to SAM's Industrial Process

Heat (IPH) models for a more realistic representation of the thermal load. See the release notes for a complete list of new features and
fixes.

If you are new to SAM and looking for training, the Training and Curricula page on the SAM website lists online courses offered by the
RMI Energy Transition Academy and the Midwest Renewable Energy Association.

Do you have a question or feedback about SAM? Would you like to meet the SAM team? Join us for a SAM Round Table! Registration is
free. These 30-minute online sessions are held once a month. All you need to participate is a computer with an internet connection.

You are using SAM 2025.4.16. The latest version is SAM 2025.4.16 (S5C 302).
To see complete version information for your SAM installation, click About in the lower left corner of this window.

Quick start for new users >
Help contents

Check for updates...

Registration About

‘ Better U.S. DEPARTMENT OF
@ Plants
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System Advisor Model (SAM)

\l/>. System
= SAM Demonstration l"QO?’—" Advisor

T RN
= Switch over to SAM on Desktop Applications 4/|\$ Model

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.

= Simple system demo
= System setup
= Viewing results
= Detailed models

SAM Curricula: https://sam.nrel.gov/training-curricula.html 3

@
Better s DEPARTMENTOF
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System Advisor Model (SAM)

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

¥ Photovoltaic Power Purchase Agreement
Detailed PV Model v Distributed
PVWatts Residential Owner
High Concentration PV Commercial Owner
Energy Storage Third Party Owner - Host
Hybrid Third Party - Host / Developer
Concentrating Solar Power Merchant Plant
Industrial Process Heat LCOE Calculator (FCR Method)
Marine Energy No Financial Model
Wind

Fuel Cell - PV - Battery
Geothermal

Solar Water Heating
Biomass Combustion

Custom Generation Profile (Generic System)

Be“er U.S. DEPARTMENT OF
QPani . ENERGY




1. Selecting Wind Resource

SAM 2025.4.16

File v (®Add untitled v

—~

Wind Resource Choose a representative typical wind resource file
Click a name in the list to choose a file from the library. Type a few letters of the name in the search box to filter the list.
Wind Turbine

Wind Farm Filter: Description v
Description State o
Losses Northwestern OR - offshore (NREL AWS Truepower representative file) OR
Uncertainties Northwestern TX - flat lands (NREL AWS Truepower representative file) X
- : Southern TX - offshore (NREL AWS Truepower representative file) ™
Grid Limits Southeastern TX - flat lands (NREL AWS Truepower representative file) LB
AC Degradation Southeastern TX - offshore (NREL AWS Truepower representative file) X
Southwestern TX - flat lands (NREL AWS Truepower representative file) ™
Installation Costs Southwestern UT - flat land (NREL AWS Truepower representative file) ut
Operating Costs Eastern VA - offshore (NREL AWS Truepower representative file) VA
Central WA - rolling hills (NREL AWS Truepower representative file) WA
Financial Parameters Northeastern WV - rolling hills (NREL AWS Truepower representative file) WV
Incentives Southern WY - flat lands (NREL AWS Truepower representative file) wy

Electricity Rates
- y Description| Southern WY - flat lands (NREL AWS Truepower representative file)

Refresh Library
lectric
Electric Load City| city?? Latitude 0.000°N |
State | WY Longitude 0.000 °E
Country| USA Elevation above sea level | 20880 m

Wind resource file name from library| CASAM\2025.4.16\wind_resource\WY Southern-Flat Lands.srw

Download a wind resource file from the online NREL WIND Toolkit ( i I US. | i only)

Click Download and enter location information for your project site. SAM downloads wind resource data as an

Download... srw file from the NREL WIND Toolkit and stores it in the Downloaded Weather Files folder on your computer
shown under “Use a weather file stored on your computer” below. If your request fails or results in an error
message, please try again until it succeeds.

Use a wind resource file stored on your computer

| C:\Users\i8b/SAM Downloaded Weather Files/WIND-Toolkit_lat36.01_lon-84.26_2014_60min.csv Browse...

Check the box and click Browse to choose a an .srw file stored on your computer without adding it to the wind resource
library.

U.S. DEPARTMENT OF
Better
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2. Selecting Wind Turbine

SAM 2025.4.16

File v (®Add untitled v
Wind

Wind Turbine
Wind Resource ig? Select a turbine from the library Filter: Nome S
g ESOUFC (U Define turbine design characteristics
8 5 Name KW Ratin N
Wind Turbine ; .
Rated output 1.500.00 KW Composite IEC Class Il 1500
Wind Farm T g s | Composite IEC Class lll 1500
otor diameter m
Lasses ' ‘ || Fuhrlander FL 1500_70 1500
= Hub height| 85m || Fynriander FL 1500_77 1500
Uncertainties Shear coefficient 0.14 | GE15xle 1500
GE 1.5s 1500
Grid Limits
? GE 1.55le 1500
AC Degradation Leitwind LTW77m 1.5MW 1500 ¥
Installation Costs Turbine power curve
Operating Costs
Financial Parameters Hoor
Incentives 1200}
Electricity Rates
Electric Load s 1000
=
£ s00f
&
2
8 600}
400
200 -
ok
L L L L N N L 1 L
0 5 10 15 20 25 30 35 40
Wind Speed (m/s)
Better U.S. DEPARTMENT OF
Plants ENERGY




3. Specify Wind Farm Size

Better
Plants

S. DEPARTMENT OF ENERGY

SAM 2025.4.16

File v (¥)Add

Wind

Wind Resource
Wind Turbine
Wind Farm
Losses
Uncertainties
Grid Limits

AC Degradation
Installation Costs
Operating Costs
Financial Parameters
Incentives
Electricity Rates

Electric Load

System Sizing

(O Use a single turbine
@ Specify desired farm size
(O Specify number of turbines

Wake Effects
Wake model |Simple Wake Model
Turbulence coefficient | 01]
Constant loss 11.02 %
Turbine Layout
N—
Define wind farn Delo

Turbines per row
Number of rows
Shape Square / Rectangle / Parallelogra

Turbine spacing & rotor diameters

§ rotor diameters

Row spacing
Offset for rows 0 rotor diameters
Offset type Every Other Row:

Row orientation 0 deg

Desired farm size 6,000 kW
MNumber of turbines in farm 4
System nameplate capacity 6,000.000 kW
System Availability
= Edit losses.. Constant loss: 0.0 %

Time series losses not enabled
Custom periods not enabled

Import turbine layout file. Vs eE

Turbine Layout Map

500

400

300 |

meters

200

0L .

L L L L I L
0 100 200 300 400 500 600
meters
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4. Specify Systems Losses

SAM 2025.4.16

file v (®Add untitled v
Wind

Wake Losses

Wind Resource Internal Wake loss can be set as a constant percent loss on the Wind Farm page, under Wake Effects, by choosing the Constant Loss Wake Model.
Otherwise Internal Wake Loss will be zero and will be calculated using the given Wake Model.
Wind Turbine

Internal wake 0.00 | % External wake 1.10 % Future wake | 0.00 |%
Wind Farm

Losses Total wake losses| 1100 %

Uncertainties
Availability Losses

ri mits
Grid Limit Energy-based availability is the amount of energy produced as a percentage of the total amount of energy that the wind plant could have captured if
AC Deg"adatuon turbines were always ready to generate power.
Installation Costs Turbine 3.58 (% Balance of plant 050 (% Grid | 1.500 |%
Operating Costs
Total availability losses 5.501 |%
Financial Parameters -
Incentives Electrical Losses
E‘ECI'\C‘ty Rates Electrical losses from a wind farm are the energy losses inherent in energy transmission in collector lines, transformers, and other site equipment and
transmission to the point of revenue metering.
Electric Load
Efficiency 191 (% Parasitic consumption | 0.10 |%
Total electrical losses| 2008 |%

Turbine Performance Losses
Turbine performance losses represent the amount of energy that is not produced by a wind turbine at a given wind speed compared to the OEM power

curve.
Sub-optimal performance 110 f% Generic power curve adjustment 1.70 |%
Site-specific power curve adjustment| 081 % High wind hysteresis 040 (%
Total turbine performance Iossj 3.954 %

Environmental Losses
Environmental losses account for performance degradation and shut downs due to environmental factors such as weather, ambient temperature, and

tree growth.
Icing 0.21 |% Degradation | 1.80 |%
Environmental | 040 |% Exposure changes | 0.00 |%
Total environmental loss| 2398 |%

Curtailment / Operational Strategies Losses
The deliberate management of a wind plant to reduce the amount of energy compared to what is possible from the available resource.

Load curtailment| 099 (% Grid curtailment | 084 %
Environmental and permit curtailment 1.00 (3% Operational strategies 0.00 |%
Curtailment and operational strategies loss (otal; 2803 (%

U.S. DEPARTMENT OF
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5. System Costs

SAM 2025.4.16

File v @Add unti
Wind

Wind Resource
Wind Turbine
Wind Farm
Losses
Uncertainties
Grid Limits

AC Degradation
Installation Costs
Operating Costs
Financial Parameters
Incentives
Electricity Rates

Electric Load

Capital Cost Models

Only land-based instllations are applicable for Residential and Commercial projects.

Land-based installation Wind resource f.‘|el C:\Users\iBb/SAM Downloaded Weather FiIes;‘WIND—ToaIkit_IaBE.t}l_Ion—8.4.26_2l
Offshore installation ; .

You can either enter capital costs yourself using the inputs below, or use the Estimate buttons to automatically populate those inputs using NREL cost models for turbine

costs. See Help for details.

Estimate turbine costs now

Capital Costs

Cost per kW + Cost per turbine + Fixed Cost = Total

Tubinecost | $1,11240/kW | | $0.00/turbine | | $0.00 $6,674,400.00
Balance of system cost | $3.633/kW | $0.00/turbine | $0.00 | $21,798,000.00 |

Wind farm capacity 6,000 | kW MNumber of turbines 4
Sales Tax
Sales tax basis, % of total equipment costs 0% Sales tax rate 50 % $0.00
-Total installed cost

The total installed cost is the sum of the indirect, sales tax, and Total installed cust- £28.472,400.00 ]
direct costs. Note that it does not include any financing costs - S
from the Financial Parameters page. Total installed cost per KW §4,745.40/kW

Better
Plants
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6. System Costs

SAM 2025.4.16

v ®Hadd untit]
Wind Capital Cost Models

Only land-based instllations are applicable for Residential and Commercial projects.

Wind Resource

Land tion Wind resource file| C\Users\i8b/SAM Downloaded Weather Files/WIND-Toolkit_lat36.01_lon-84.26_2
Wind Turbine Offshore at : !
W’iﬂd Farm You can either enter capital costs yourself using the inputs below, or use the Estimate buttons to automatically populate those inputs using NREL cost models for turbine

costs. See Help for details.
Losses
= . Estimate turbine costs now
Uncertainties

Grid Limits

Capital Costs
AC Degradation Cost per kW + Cost per turbine + Fixed Cost = Total
Installation Costs Turbine cost s1112400w | | $0.00/turoine | | $0.00 $6,674,400.00
Operat ng Costs Balance of systern cost £3633/kKW £0.00/turbine £0.00 £21,798,000.00
Financial Parameters Wind farm capacity 6,000 | kw Number of turbines 4
Incentives Sales Tax _ _ _
Electricity Rates Sales tax basis, % of total equipment costs 0% Sales tax rate 50 |% $0.00 File v @Add untitled v
~Total installed cost Wind Operation and Maintenance Costs
Electric Load : . ’ [ ; In Value mode, SAM applies both inflation and
The total installed EOSt.IS the sum gf the mdlreq sa\gs tax, and Total installed cost $28,472 400,00 Kisst yenr cost Cechlatiomane escalation to the first year cost to calculate out-year
direct cust.s. Nu?e that it does not include any financing costs ) £ = 3 Wind Resource Fixed annual cost_ 0 |$/yr 0% | costs. In Schedule mode, neither inflation nor
from the Financial Parameters page. Total installed cost per kW_ §4,745.40/kW | Wind Turbine Fixed Gost by capacntyn 2l 0| escalation applies. See Help for details.
Wind Farm Variable cost by generanon_ 0 |$/MWhac 0%

Losses Cost by capacity units are kWdc-yr for PV systems and kWac-yr for CSP, wind, and other systems.

Uncertainties
Grid Limits
AC Degradation

Installation Costs

Operating Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

U.S. DEPARTMENT OF
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. Incentives

Better
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File v (®)Add  untitl
Wind

Wind Resource
Wind Turbine
Wind Farm
Losses
Uncertainties
Grid Limits

AC Degradation
Installation Costs
Operating Costs
Financial Parameters
Incentives
Electricity Rates

Electric Load

DSIRE Incentives Database

Go to website.

@ Tax Credits

Investment Tax Credit (ITC)

The online Database of State Incentives for Renewables and Efficiency (DSIRE) contains detailed information for

specific incentives in U.S. locations.

Reduces Depreciation Basis

Amount (§) Federal State

Federal q 0

State q 0 | |
Percentage (%) Maximum (§)

Federal B 30 | == 1e+38

state B o == 1e+38| O O

@ Direct Cash Incentives

Investment Based Incentive (1BI)

[ Production Tax Credit (PTC)
Amount (§/kWh) Term (years) Escalation (3%/yr)
Federal B 0] | 0] | 0.00|
state o] | 0] | 000 |

Inflation does not apply to the PTC amount. In Schedule mode, use
nominal (current) dollar values. See Help for details.

Taxable Incentive Reduces Depreciation and ITC Bases
Amount (§) Federal State Federal State
Federal 0.00 % O O
State 000 [ O O
Utility 0,00 | ] O O
Other | [ O O
Maximum ($)
Federal Te+38 | %] O O
State le+38 = O O
Utility | Te+38 | ] O O
Other 0] Te+38 @ O O
‘Capacity Based Incentive (CBI)
Taxable Incentive Reduces Depreciation and ITC Bases
Amount ($/W*) Maximum (§) Federal State Federal State
Federal 0 Te+38 | & U (]
State o 1e+38] & O
utility g L L | & u ] ai;p\‘:ﬁalzsrh:g; f\::nflvasr::t:$zr
Other 0 Te+38 | -~ O O systems.

[ Production Based Incentive (PBI)

Federal
State
Utility
Other

Term (years) Escalation (%/yr)
0 0

0 0
o] | 0]
o] | 0]

Taxable Incentive

Federal State

Inflation does not apply to the PBI amount. In Schedule mode, use nominal (current) dollar values. See Help for details.
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8. Electric Rates
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Wind Resource
Wind Turbine
Wind Farm
Losses
Uncertainties
Grid Limits

AC Degradation
Installation Costs
Operating Costs
Financial Parameters
Incentives
Electricity Rates

Electric Load

OpenEl U.S. Utility Rate Database

Download rate structures for electric utility companies included in the OpenEl Utility Rate Database. After downloading a rate structure, compare the inputs below with a copy of the rate sheet to verify that the information is correct.

Go to Open El Utility Rate Database website

Search for rates...

Save / Load Rate Data

Save rate to file... Load rate from file..

Metering and Billing

Compensation rate for net excess generation [C] Roll over net excess compensation to future bills

Net energy metering

(O Net energy metering with $ credits Month for end of true-up period Dél

O Net billing
3 se hourly (subhc y) sell rate: stead of T {3 Apply earned credits to current month before rc

(O Net billing with carryover to next month : :

(O Buy all / sell all Hourly (subhourly) sell rates Edit array. $/kWh
Hourly (subhourly) buy rates Edit array $/xWh

Fixed Charge Annual Escalation

30
Fixed monthly charge $ Electricity bill escalation rateq 0 |%/yr
Minimum Charges In Value mode, enter a rate in real terms because SAM applies both escalation and inflation to the total first-year electricity bill to calculate the
Monthly minimum charge 0/s annual electricity bill in later years. In Schedule mode, enter rates in nominal terms because inflation does not apply. See Help for details.
Annual minimum charge 0s

@ Description and Applicability
@ Energy Charges

Rates for Energy Charges
Import... Period | Tier Max. Usage Max. Usage Uniff Buy ($/kWh) Weekday
Seepell [t [1e+38 [kwn 0.2
Copy A 8 e ) ) o i el il 5
o [ e ) s e e B ) S e A
faste o0 o e 2 i o B [
Number of entries: o3 I s v I v s il ) e G e R
1 A7 703 v s 0 o e 5 6 i
S A A T A A 0 S A o S i
o R R R R s B R R E T R R B
%0 ) S A e e e o ) i e o
A% [ A T ] e A o o o ) A
7 I ) ) vl S e ) I v ) e
0 7 0 ol ) B e Gl el i il
& [ 0] o o e e o I o B o i
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8. Electric Rates

fave / Load Rate Data

Save rate to file...

fletering and Billing

1® Net energy metering
7) Net energy metering with $ credits

Fixed monthly charge

flinimum Charges
Monthly minimum charge

Annual minimum charge

) Description and Applicability

) Energy Charges
lates for Energy Charges

Number of entries:
1

# Better

eP

lants

DEPARTMENT OF ENERGY

e

Search for rates...

Load rate from file...

Compensation rate for net excess generation 0.05 |$/kwWh

Month for end of true-up period Dec

ourly) sell rate

v

Hourly (subhourly) sell rates Edit array..

[CIRoll over net excess compensd

$/xWh

ate Database

ﬁa util

Zip code:

3 Phases Energy Services

4-County Electric Power Assn

A & N Electric Coop (Virginia)
Accent Energy Holdings, LLC
Accent Energy Holdings, LLC (New York)
Accent Energy Holdings, LLC (Texas)
Access Energy Coop

ACE

Adams Electric Coop

Adams Electric Cooperative Inc
Adams Rural Electric Coop, Inc
Adams-Columbia Electric Coop
Adrian Public Utilities Comm

AEP Generating Company

D Net billing

) Net billing with carryover to next month
) Buy all / sell all

ixed Charge

Import.. Period Tier Max. | |AEP Ohio
1 h he‘38 AEP Texas Central Company
Export... —————_————— | AEP Texas North Company
Copy AES Eastern Energy LP
AGC Division of APG Inc
Paste Agralite Electric Coop

Aguila Irrigation District
Agway Energy Services, LLC
Aiken Electric Coop Inc
Aitkin Public Utilities Comm
Ajo Improvement Co
< Sl

Show all | 3972 utilities

Ready.

Search by zip code

Select a utility to show available rates.

Commercial v | [£] Show active

Filter: ‘

Utility

Name
Description

Start
End
GUID

View rate on Ot

Get rate as IS

42

Download and apply utility rate

Cancel

$/KWh

nd inflation to the total first-
ns because inflation does no!

| W e e g e
1 i o R A
W e e
| S
B i e e B e e
W e e 3 Bl e e
B EREE
1 e e A
| A T R R
s EREEE
| e e I Y
W A e A AR
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O. Electric Rates

SAM 2025.4.16

Input Time Series Load Data v

Electric Load Data
Electric load data describes the electricity usage of a building or facility for electricity bill calculations. Enter or import an hourly or subhourly load

Wind Resource

Wind Turbine profile and use the adjustment options to scale the profile or to account for annual load growth, See Help for details.
Wind Farm
Losses -Hourly or Subhourly Load Profile - View load data..
Electric load power kw 6
Uncertainties P -Monthly Load Summary
: = Electric load scaling factor (optional) 1 e These monthly and annual values are calculated from the hourly

Grid Limits or subhourly load profile and shown here for reference.

Electric ioad annual growth rate " 0 |%/yr 6

AC Degradation

Installation Costs Energy kWh)  Peak (kW)

J 456423 596.
Operating Costs Adjust Load Profile to Monthly Usage an (e | 29609
- Feb | 12333558 44049
Financial Parameter Scale electric load profile to monthly usage T =
ancial Parameters D ? y 9 Mar 141,605.21 436.90
Incentives Monthly electricity usage for scaling  Edit values kWh 6 Apr 134.657.92 486 2«.1
Electricity Rates May | 15357029|[  50367]
- Jun 178,186.94 600.63
Electric Load Douidicd N | — 50.. _ 55,

u 379. ;
Click Download Electric Load Data to run a macro that downloads it 1L 0

modeled hourly load data. See Help for details. Aug » 196,989.83 ||

Sep 156,955.94
Download Electric Load Data T

Oct | 14653890 ||

Nov 131,687.02 ||

Dec | 13801987 ]

Annual | 1,844,569.30 |
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O. Electric Rates

SAM 2025.4.16

Input Time Series Load Data v

Electric Load Data
Electric load data describes the electricity usage of a building or facility for electricity bill calculations. Enter or import an hourly or subhourly load

Wind Resource

Wind Turbine profile and use the adjustment options to scale the profile or to account for annual load growth, See Help for details.
Wind Farm
Losses -Hourly or Subhourly Load Profile - View load data..
Electric load power kw 6
Uncertainties P -Monthly Load Summary
: = Electric load scaling factor (optional) 1 e These monthly and annual values are calculated from the hourly

Grid Limits or subhourly load profile and shown here for reference.

Electric ioad annual growth rate " 0 |%/yr 6

AC Degradation

Installation Costs Energy kWh)  Peak (kW)

J 456423 596.
Operating Costs Adjust Load Profile to Monthly Usage an (e | 29609
- Feb | 12333558 44049
Financial Parameter Scale electric load profile to monthly usage T =
ancial Parameters D ? y 9 Mar 141,605.21 436.90
Incentives Monthly electricity usage for scaling  Edit values kWh 6 Apr 134.657.92 486 2«.1
Electricity Rates May | 15357029|[  50367]
- Jun 178,186.94 600.63
Electric Load Douidicd N | — 50.. _ 55,

u 379. ;
Click Download Electric Load Data to run a macro that downloads it 1L 0

modeled hourly load data. See Help for details. Aug » 196,989.83 ||

Sep 156,955.94
Download Electric Load Data T

Oct | 14653890 ||

Nov 131,687.02 ||

Dec | 13801987 ]

Annual | 1,844,569.30 |
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Resources and Tutorials

= SAM Training and Curricula

= https://sam.nrel.qov/training-curricula.html
= https://sam.nrel.qgov/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

EEEEEEEEEEEE

Better ) us.
!E‘Qﬂ?ﬁw . Contact the SAM team: sam.support@nrel.gov ENERGY



https://sam.nrel.gov/training-curricula.html
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https://atb.nrel.gov/electricity/2024/index
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mailto:sam.support@nrel.gov
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- Will Distributed Energy Resources
~ (DERs) Work for Your Site?

Local Energy Technology Costs Site Energy Utility Cost and Financial
Resource and Incentives Goals Consumption Parameters

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

NREL | 51



REopt Energy Planning Platform

Formulated as a mixed integer linear program, REopt provides an integrated, cost-optimal energy solution.

Site Energy Goals

Detailed Technology @ Results:
Models Resilience Integrated, Cost-Optimal

Energy Solution

¥ix
Technologies

Energy Storage @ REOpT o

_ Operations
H Energy Planning Platform
Heat Pumps TechneEconomic Optimization

Renewable
Generation

JD _
ol Project
Economics

@ Resilience and
RE/Emissions
Metrics

HP Combined Heat
and Power
ﬁ Conventional
Supply ) ®
Heating Cooling

Advanced Load Modeling

NREL | 52



General Scope of REopt Analysis

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 practitionerare 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

NREL | 53


https://betterbuildingssolutioncenter.energy.gov/onsite-energy

REopt Web Tool and APl Usage Metrics

Driving clean,
resilient, affordable
energy investment

decisions for

/77,000 users*

from homeownersto commercialand industrial entities to governmentsand

communitiesto ports/airports and utilities.
Core tool used for the , f
- Total 7-year REopt web tool lifetime users; 29K active users in FY24
Onsite Energy Progra REopt has been used at NREL since ~2010, public “light” version in 2018, and open-sourced in 2021

NREL | 54




REopt Minimizes the Life

Cycle Cost of Energy

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

Capital Available O&M EIecjcrlc Fuel
LCC : Grid
Costs Incentives Costs Purchases
Purchases

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

.




REopt considers trade-offs between DER costs and

H OW DOeS R EO pt WO rk? savings across multiple value streams to recommend

optimal size and dispatch.

Demand Reduction Energy Arbitrage for TOU Energy Rates
Setting peak for the month Store when cheap, use when expensive

Grid Serving Load PV Serving/Load mmStorage Discharging PV Charging Storage —Electric Load
30

25 l

%

20 A\
: 15 v
10
5

Example of optimal dispatch of photovoltaics (PV) and a
battery energy storage system (BESS) NREL | 56



How Does REopt Evaluate Resilience?

Existing generator with fixed fuel Adding solar and storage to the existing generator increases
H ow d 0€S R EO pt eval u ate supply sustains the critical load survivability from 5 to 9 days by extending fixed diesel fuel
res | | | enc e’) for 5 days with 90% probability. supplies and provides utility cost savings while grid-connected.

100%

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).

80%

60%

40%

20%

Probability of Surviving Outage [%]

0%
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Energy Resilience Performance (ERP) Evaluation Length of Outage [Days]

REopt's Energy Resilience Performance (ERP)
capability then evaluates all possible grid outages
of the user-specified outage duration to identify the
ERP Evaluation overall probability of outage survival,
considering DER availability and reliability.

REopt Optimization
Outputs

NREL | 57



Access the REopt web tool at reopt.nrel.gov

REopt Web Tool User

Step 1: Choose Your Focus

Do you want to optimize for financial savings or energy resilience?

Interface

$ Financial U Resilience

i

Step 2: Select Your Technologies

Which technologies do you wish to evaluate?

REOpt Web tOObI’OVIdeS free, pUbIICIV avallablel (v A 2 Battery= () wind + €% CHP I (] chilled Water Storage 5
user-friendly capabilities from NREL's
Comprehen5|ve Open_source REOpt mOdeI. Existing boiler type and assumed CHP thermal production type @

Select additional CHP technologies to evaluate @

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

D Hot Water Storage C] Absorption Chiller

Step 3: Enter Your Site Data

Enter information about your site and adjust the default values as needed to see your results.

Q Site and Utility  (requireg

Choose the technologiesyou want to evaluate

alll Load Profile  eqiey

$ Financial
Input site dataand optionally customize other PO
inputs such as technology costs * v
& Battery
9 (’x D S lj W S é dzt l:l é é bl combined Heat & Power

NREL | 58
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REopt Web Tool

Key Outputs

Technology Sizes and Net Present Value

{é} Your e
recommended
solar
installation size

1,751 kW

PV size

Measured in kilowatts (kW) of direct current
(DC), this recommended size minimizes the life
cycle cost of energy at your site.

This optimized size may not be commercially
available. The user is responsible for finding a
commercial product that is closest in size to

this optimized size.

E Your @

recommended
battery power
and capacity

328 1,557
kW kWh

battery battery
power capacity

This system size minimizes the life cycle cost
of energy at your site. The battery power (kW-
AC) and capacity (kWh) are optimized for
economic performance.

This optimized size may not be commercially
available. The user is responsible for finding a
commercial product that is closest in size to

this optimized size.

EJ Your potential life cycle savings (25 years)

This is the net present value of the savings (or costs if negative) realized by the project based on the difference

between the total life cycle costs of doing business as usual compared to the optimal case.

Your e
recommended
CHP electric
capacity

392 kW

CHP reciprocating
engine size

Measured in kilowatts (kW) of alternating
current (AC), this recommended size minimizes
the life cycle cost of energy at your site.

This optimized size may not be commercially
available. The user is responsible for finding a
commercial product that is closest in size to

this optimized size.

e

$2,813,245

Operations: Hourly Dispatch

4000 kKW - - B T .
. 5 L
S

1
1l
'
H

3200 kW

2400 kW

1600 KW |

Power (Kilowatts)

800 kW

1. Jun 2 Jun 3. Jun 4. Jun 5 Jun 6. Jun

Zoom Out a Week | Zoom In a Week

5 100%
Reset zoom
[
f 80%
[
[
;o .,.
v i Iy
[ a
Vo ' o
[ ! oB0% 2
Lo o]
Vo 1 P =
[ B
v i i g
[ a
.
H o
| ]
=
20%
0%
7. Jun
'
Download Sys. Perform

Detailed Financial Outputs

Summary Financial Metrics

Total Upfront Capital Cost Before Incentives N/A
Total Upfront Capital Cost After Incentives @ N/A
Lifecycle 0&M and replacement costs, after tax N/A
Total Life Cycle Costs @ 515,056,424

Net Present Value @ S0

Payback Period @ N/A

PV Levelized Cost of Energy @ N/A

Internal Rate of Return @ N/A

$4,828,681
$3,070,132
$1,399,584
$12,243,179
$2,813,245
5.56 yrs
$0.074

16.23%
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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,
e (Customization, and
* Tool integration.

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

Energy Charges Demand Charges

B PV Recommended
Q‘ [] Not Recommended
’ [] No Data

[[] Not Recommended
. [] No Data

LINREL

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

NREL | 60



REOpT
Accessing REopt ® P

Interface Description

*  Easy-to-use web access
REopt Web Tool * Key standardized capabilities
reopt.nrel.gov *  Results visualization and downloads
* User accounts

REopt API *  Open-source code
github.com/NREL/REopt API/wiki * Additional features and capabilities

*  Facilitates large-scale analysis and customization
REopt Julia Package *  API: Leverage NREL computational resources
github.com/NREL/REopt.jl/wiki * Julia package: Faster solve times, users can run locally
REopt Analysis Scripts *  Scripts (e.g., Jupyter notebooks) to use the APl and Julia
github.com/NREL/REopt-Analysis-Scripts/wiki 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

NREL | 61
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Web Tool Demo Summary

* Evaluated an example large industrial facilityin 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

e Considered different technologiesincluding combined heat and power (CHP), solar
PV, and battery storage

* Considered a resiliencerequirement 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 infor 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 circlesnext to the inputs for more information
 The Help Manualhas a lot more information on technologies and other considerations

* If you want to evaluate specific technology sizespecify 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 Evaluationpage (click button at upper right) has previous runs

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

« Allows downloading a spreadsheadf results data for multiple runs to compare
« Share results page URWith others to collaborate, but they should also be logged in
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Thank you!
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Questions?
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Thank you!
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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 kwWh) or use utility bills from Week-1 HW

https://reopt.nrel.gov/tool
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= 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: kKWh (or MWh)
3- Total CO, emissions reduced in Year 1: tons

4- Savings in utility costin Year 1: $
5- Economics:
a) Net Present Value (NPV): $
b) Payback Period (PBP): years
c) Internal Rate of Return (IRR): %

EEEEEEEEEEEE
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