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System Advisor Model (SAM) & PVWatts

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

PVWatts® Calculator LINREL

(\

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

English
HELP | FEEDBACK
Espatiol

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

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

SAM Users

SAM is started once every 2 minutes
PVWatts receives over 17.5 million hits per month
Over 150,000 users in 190+ countries
|20+ webinars with over 280,000 views
Users include Sunrun, Enphase,AEP, Southern Company, EPRI, & more

Google Scholar Citations Cf SAM

= United States
Brazil
Australia
Spain
China
India

= Canada

m Mexico

m Germany

m Chile

m United Kingdom
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Detailed PV Model Improvements

Transient Module Thermal Model
for subhourly simulations

|
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M. Prilliman, J. S. Stein, D. Riley and G. Tamizhmani, "Transient
Weighted Moving-Average Model of Photovoltaic Module Back-
Surface Temperature," in IEEE Journal of Photovoltaics, vol. 10, no. 4,
pp. 1053-1060, July 2020, doi: 10.1109/JPHOTOV.2020.2992351.

Improved backtracking algorithm
with simple terrain slope input

-Tracking & Orientation
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() Seasonal Tilt
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Azimuth (deg)

Ground coverage ratio (GCR)

Tracker rotation limit (deg)
Backtracking [_] Enable

Terrain slope (deg) Ijl

Terrain azimuth (deg) I:l
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Upcoming: Bifacial Model Improvements

e Bifacial electrical mismatch

* Shading from racking
structures

« Multi-albedo ground
surface

* Edge effects
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Run PV uncertainty simulations >

Sources of Uncertainty

Translation from GHI to GPOA 0 MNormal, Mean (mu)=11.5, 5td. Dev. (sigma)=2.5 Edit...
Horizontal shading 0 Triangular, A=-1, B=0, C=0 Edit...
Row shading e Triangular, A=-5, B=-1, C=0 Edit...
STC power (single module rating) 0 Normal, Mean (mu)=0, 5td. Dev. (sigma)=2 Edit...
o ° Inverter availability o Triangular, A=-5.7, B=-2.7, C=0 Edit...
°

co m I ng t h lS fa I I ° Spectral response 0 Normal, Mean (mu)=-1, 5td. Dev. (sigma)=0.5 Edit..

Cell temperature o Normal, M
] I

PV U n Ce rta I nty Mismatch loss @ Triangular, Scaled Histogram v # Bins:| Freedman-Diaconis Formula
DC cabling o Triangular, 100

M o d e I Transformer 0 Triangular, 6
Soiling 0 Triangular,

80

Interannual Variability 5

Selct wther e folder
Implemented functionality to Dounload files rom NSRS for my location
combine specifying multiple 1 e i
weather years (interannual ——
uncertainty) with annual

uncertainty factors for

calculation of joint probability :

of exceedance (P90 etc)
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Overall uncertainty (Energy (kWh))
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New Battery Technology Models

Standalone Electric Thermal

Standalone Electric Battery Fnergy Storage

Image credit: https://www.teslarati.com/tesla-
N = o J/0hv<icswor : z =i
powerwall-demand-after-australian-blackouts/ Image credit: https://physicsworld.com/a/how-to
store-electrical-energy-as-heat/

https://www.nrel.gov/docs/fy220sti/82989.pdf
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https://www.nrel.gov/docs/fy22osti/82989.pdf

New Battery Dispatch Algorithms

e Utility-scale PV smoothing
dispatch algorithm
» Thank you EPRI and Southern
Company!
* Behind-the-meter dispatch
to respond to prices

» Previously responded to energy
peaks that might not always
coincide with highest cost

* Optimal battery sizing and
dispatch profile using NREL's
REopt tool

Power (% of Nameplate)

100%

50%

0%

—— State of Charge

8:00

100%

75%

{ite of Charge
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Grid and Resiliency Capabilities

» Specify grid outages and
use the battery to cover
only critical loads

» Calculate resiliency metrics

* Specify interconnection
imits and grid curtailment
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More Battery Model Features

* Levelized Cost of Storage (LCOS)

* Improved battery degradation modeling for Li-ion NMC/graphite
and LMO/LTO technologies

» Forthcoming report on battery model validation

Check out Brian Mirletz's poster for more battery info!
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New Financial
Models

* Community solar

* Merchant plant

» Access to NREL's
CAMBIUM dataset for
market price proxies

Image credit: fgss
https://www.vox.com/2016/3/24/11297054/shared-solar Z




New Technology Models

PV+Battery+Fuel Cell

model within SAM with funding
from Southern Company

Image credit: https://www.mmc.gov/priority-topics/offshore-
energy-development-and-marine-mammals/renewable-
energy-development-and-marine-mammals/

Marine Energy
technology models for
wave and tidal power

Image credit: https://www.nytimes.com/2012/10/02/business/energy -

. o . . NREL | 13
environment/marine-energy-projects-pick-up-momentum.html
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Special Shoutouts

> "New” SAM team members!
(Find them and say hi!)

» Open source code contributors
» PySAM contributors

Matt Prilliman



IINREL |/

Transforming ENERGY

b Thank you

"y 'V - B 0 o ‘-

- & < ‘~ Yt Janine (Freeman) Keith = project lead, photovoltaic and wind models
J’ s Nate Blair —emeritus lead, financials, costs, systems
3 ".‘:_'_, Darice Guittet — software development, battery models
- i Brian Mirletz — software development, costs, battery. models

: Matt Prilliman — photovoltaic, geothermal, and marine energy models
- . SteveJanzou —- programming, utility rates, financials (subcontractor)
: Paul Gilman — user support and documentation (subcontractor)
) Ty Neises — concentrating solar power models

Matt Boyd — concentrating solar power models

Photo from iStock-627281636 - . ¥ ”




Model Structure

Performance Financial
Model ﬁ@ Model

Weather Data

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

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

. Revenue/savings
Production (kWh) Taxos / s

NREL | 16



Technologies

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

Financial Models

Power purchase agreements
Single owner
Partnership flips
Sale leaseback

Residential

Commercial

Third party ownership

Merchant plant

Community solar

Simple LCOE calculator

17



Desktop Application

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

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

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

«  Open-source SAM code




Advanced Analysis Features

Built-in parametric, stochastic, probability of exceedance
(P50/P90), and scripting features enable complex questions to be
answered quickly and easily

Run simulations ¥

Configurs

Inputvariables | Add.. | | Edit.. | Remove Carrelations: | Add... | Edi

sepe. nputs.. Outputs. Run simulations >

Tilt 1] Mormal [20,3] )

sl vy 1 _acanth b | s o110 Tde) | i rcal fucnba W
Azimuth 1 [ Marmal [180,27])

® | o arrn
1 @ w SaHE
] w ESET)
B (1 n EEiily]
] 0 P
Eal |1 i Aamam
210 0 i

_]Enable weather file analysis | DNI Sdeufolue::|

[EEB O\ Cadel sam-dacumen

Pin [ Pz
Annusal AC energy (KWh) a8 W1 38l &

Inearter clipping loss D MPPT woltage Bmits (KWh/ye) 025 233,39 14,1 E
Tiwes e clipping loss AL power fmil KWy 133057 104495 e 1
Inverter power consumption loss [KWhiyr) 567441 Rz seaf §
Inwerter night time loss Whfyr) 7722 A3 a3
R

Annual GHI (Whim2fyr) 15015905 1.85727e-06 151115+

FOA Tront-side irradiance tolsl nominal (KWhyr) 2470220005 28153ee06  213477ee

FOA fromt-side irradiance beam nominal (KWhifyr) 121372405 1.75e+06 1656450+

POA front-side irradiance total after shading WWhfyr) 0470370406 2315Mec 06 13347700

PO front-side bradlance total after shading and solling (kWhfyr)  23468e+05 2297906 227803+
POA Tront-side irvadiance total alter cover IGWh/yr)  Z2T405e+05)  2.2050e+06 214326+

L POA irradiance total after cover [KWhfyr) 2274052+06  22280erD6 2748260+
POA fromt-side inradiance beam after shading and soiling WWhfyr) 1723010406 166345006 15726204 06| 1.
Annual DC energy nominal [KWhfyr) 432430 413331 A0

i

NREL
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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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Detailed Battery Model

Only publicly available tool with detailed battery model that
accounts for voltage characteristics, calendar and cycle degradation, etc

300

P |

Calerder degradation

£ e 9 Lo mael 23 Erer cusiom

Lithham-fom el aoetficents

2 farten z
TR ety ;|
0w al ket g ]
D0 g KEAlea ARSI - VR T mICSOCT < VR
Curiom degradabian
[y Eattery ags (daya] Capacity {3}
0 1
Bpat E [
30 51

Bt

Capacity lagke
=T - 0 SIS0 e
- o " S
— T =300 S0C=1000 |
—IT = K, sec =i Hﬁ““—--q_
-
11 = SO SO | T

0
[ 1000 20 3000 400 500 MO Tid  AMO bl

e o bttery (ot

Currently integrated with PV, “Generic System” model, Standalone battery model
Available on DC or AC side of PV system
Multiple automated dispatch strategies for different markets
Behind-the-meter or front-of-the-meter operation
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Open Source Code

K NREL/ Ik
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popular open-saurce project Wl & NREL / ssc @Umatch- 11| humim | 2 | Phoik | 15

Seanche deveiop = | | Mewputf (DpS://github REL/

YR

9765 commits

£ NREL / SAM QUmatch~ 21 hUnstar | 41 PRk 6
Bsech:deveop ™ | | Hewpullrsque
4343 commits | —————
e — — Code () lsues T Pull recuests 0 Wik Insiahts 1 Settinas
. B davelop | Hew | §
bl System Advisor Model s @it clones
P
I spiwrappers 101 .
4238 commies
b
el o build jos - 10
e Branch: develop v New pull
e — 8 i i H
cpaulgilman »
= '\ / .\ /.
\ . . . L5
‘/ \./ k.
h .
\" | %'\-
= B
o . o
on28 o127 028 o128 0130 013t 0200

0202 02/03 0204 02/05 02/06 0207 02/08

49
http://sam.nrel.gov/opensource

Clones

41
Unique cloners
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http://sam.nrel.gov/opensource

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

B YouTube

— All prior webinars and seminars
* Bi-Monthly Round Table sessions
— SAM team asks questions live .

and interactively System Adiisor Model (SAM)

» Email Support
— SAM support can provide
email support if question/bug
is involved o
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http://sam.nrel.gov/
https://www.youtube.com/user/SAMDemoVideos

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)
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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

A Partial Web of NREL Data & Tools

WIND Toolkit

Storage Solar Futures Standard
LATOO Study Futures Study Study Scenarios
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