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PSA: nrel.gov domain disappears May 29

Please update all email addresses, bookmarks, API calls, and links on websites
nrel.gov = nir.gov
github.com/nrel - github.com/NatLabRockies

**This includes all API calls to NSRDB and PVWatts™*




System Advisor Model (SAM) & PVWatts

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

PVWatts® Calculator

et sore: R “ o Desktop application

( (] ) NREL'sPVWatts'[aIc_uIator ” P\/\/\/aJ[J[S WEb tOO| & APl

Estimates the energy production and cost

Software development kit
PySAM Python package

Open source code
Extensive documentation
User support



https://sam.nlr.gov/
https://pvwatts.nlr.gov/

Technologies

Photovoltaic

Energy storage
Electric battery
Electric thermal
Pumped thermal

Concentrating solar power

Industrial process heat

Marine energy

Wind power

Fuel cell

Geothermal power

Solar water heating

Biomass combustion

Generic system

PLUS: HYBRID SYSTEMS
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Power purchase agreements
Single owner
Partnership flips
Sale leaseback

Residential

Commercial

Third party ownership

Merchant plant

Community solar

Simple LCOE calculator




Recently and soon-to-be released




Recently expanded PVWatts data

PVVWatts now has
Arctic data! Using
NSRDB Polar Data
(60°-90° N)

.=. NREL's PVWatts' Calculator

.. Estimates the energy production and cost of energy 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.
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PVWatts with detailed battery model in SAM

SAM'’s full detailed battery model is now available connected to PVWatts in
SAM. Users can choose any of the available dispatch algorithms, and have
more control over the detailed models for performance and degradation.

File v (®Add  untitled v

PVWatts-Battery Charge Limits and Priority
Minimum state of charge 30 % Initial state of charge 50 %
v PVWatts ) . .
Maximum state of charge 95 % Minimum time at charge state 10 min

Location and Resource

System Design

Behind-the-meter (BTM) Storage Dispatch Opti

v Battery The storage dispatch options determine how and when the battery charges and discharges. Choose an option below and then set dispatch parameters as appropriate.
Battery Cell and System
B ak shaving attery can charge from gri attery is AC-connected. (See Power Converters inputs on -
Battery Lif O Peak shavil Os harge fi id B is AC d. (See Power C i
attery Lire
Y O Input grid power targets Battery can charge from system ifiE C2l ) S Em )
Battery Dispatch ) Charging from grid-limited power is only available for
LI Input battery power targets Battery can charge from grid-limited system power Manual Dispatch and when limits are defined on the Grid
e Manual dispatch
Grid Limits o P Battery can charge from clipped system power UGS Feee ;
O Retail rate dispatch Charging from cllppe}d system power is only available for
Grid Outage o Self-consumption Battery can discharge to grid DC-connected bat.terles. )
. Battery can only discharge to grid for Input Battery Power
DC Degradation Charge from system only when system output exceeds load Targets, Manual Dispatch, and Retail Rate Dispatch.
. i See Help for more information about these dispatch
Installation Costs Discharge battery only when load exceeds system output e

Operating Costs

Financial Parameters

The self-consumption dispatch option tries to minimize power imported from or exported to the grid. This is also referred to as 24/7 carbon-free energy. There are no additional inputs

Incentives required for this dispatch option.

Electricity Rates

Electric Load
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Improved access to snow data

~Snow Losses
Snow losses are caused by snow covering the array. When snow depth data is available in the weather file or provided below, SAM can estimate these losses for each subarray. Click Edit

Array to enter your own data, or click Download Snow Data to download data from the NOHRSC.

Estimate snow losses

© Enter or download time series snow data Download Snow Data Coordinates
(O Use snow data from weather file Edit array... -
Visit NOHRSC interactive website Station ID

National Operational Hydrologic Remote Sensing Ce

Interactive Snow Informatio!

for 2026 May 4, 22:00 UTC

Inches of water

v[22:00 UTC v 5 ¥ equivalent

Snap to nearest time
Elect Overlays.
drologic Featu
RFC Basins abel
Other Basins @ Label
HUCs (6-digit)
RFC Boundaries
Rivers and Streams
Lakes and Reservoirs

County Boundaries
CWA Boundaries
State Boundaries . .
National Boundaries __ San Antorkious - =
Fed. Indian Land Areas A [ Not Estimated
int Features

s A\ v 4 > 13124
Flight Lines d S o E 5 203 b 13120
Climate Stns. 0] D3 “ 3 to 3281

- . =

Skiing
fansportation Features

Elevation in feet

Screenshot of https://www.nohrsc.noaa.gov/interactive/ntml/map.html National Laboratory of the Rockies | 8



Reworking incentives and depreciation for ITC changes

« With the upcoming change to the ITC where it will apply to storage but not
PV, we've reconfigured the financial models to allow different incentives to
apply to different parts of a system

* Related changes to depreciation inputs to allow users to specify depreciation

b a S I S ITC Qualification
Federal State

PVinstalled cost  112,068,500.00 ¢ 18.838 % O ]

Battery installed cost 74,460,094.42 12517 % 2 (L]

Wind installed cost ~ 190,488,100.00 ¢ 32.021 % 0O 0O

Fuel cell installed cost ~ 105,000,000.00 § 17.650 %

Custom generation installed cost ~ 112,875,000.00 ¢ 18.974 % ()] 0O

Hybrid installed cost 0.000 g 0.000 % ()] 0O

Total ITC Qualified Installed Cost 179,460,094.415 § 179,460,094.415 §

Percent of total installed cost: 30.167 % 30.167 ¢
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Non-energy revenue inputs

New inputs to allow revenue,
revenue sharing, and O&M costs for
‘non-energy” revenue sources

o Agrivoltaics
o Co-located EV charging revenue

o and more

NLR Photo Gallery Image 103814
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Hybrid configurations running in lifetime mode

PVWatts, wind, and “custom generation” performance models
expanded to be able to run in “lifetime mode” - examine battery
degradation impacts for all hybrid configurations!

PVWatts + Wind + Battery
PVWatts + Wind + Fuel Cell + Battery
Detailed PV + Wind + Battery
PVWatts + Wind + Custom Generation + Fuel Cell + Battery
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In progress




Voltage degradation modeling

IV Curves: Impact of Annual Voltage Degradation (STC)
W i Resolve model

\\ \ -\\ approach: After
\ \\‘ \

* Previously, power was degraded in
out-years, but voltage and current
were not

year 0 of modeled
performance,
recalculate single
diode equivalent
circuit model fit
based on user-
specified voltage,
current
degradation inputs

Current (A)

* Investigating different methods of EER |
degrading voltage in out-years to L Vemsew

Solve | from V with Voltage Degradation (STC) Solve | from V

1 _— approach: After
impact current and power
calculations,

. | — Year 0STC curve degrade voltage
Ca I C U | atl O n S P ey by user-specified

. Year amount, then use

existing single
diode fit to solve

« If you didn’t see Matt Prilliman’s | E v caren
poster, go check it out or talk to (B
him to learn more!

Current (A)

\7oltage (Vf

From Poster: Enhancements in voltage
degradation modeling for multi-year analyses
Funded by Southern Company
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Technology-specific features

« Tandems: developing simplified and more computationally tractable
models for tandem modules that could go into SAM

o shoutout to Rajiv Daxini’s poster “Is IEC-61853 testing useful for predicting the
energy yield of tandem solar cells?”

« Thin film: implementing precipitable water spectral models

« PV, CSP, electric battery, and thermal energy storage hybrid
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Floatovoltaics

Collecting data from a
floating PV installation in
Golden CO, planning to
use the data to create
correlations for thermal
effects on floating PV
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Improved Python interoperability

New way of communicating with Python
packages from within SAM’s C++ framework
which will allow faster and easier
interoperability with external packages




Thank you!

www.nlr.gov
www.sam.nlr.gov
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