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System Advisor Model (SAM).&«R\AAatts o

System Advisor Model

Free software that enables detailed performance and financial
analysis for renewable energy systems
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http://sam.nrel.gov/download

« Desktop Application
* Advanced Analysis Features
— Parametric
— Stochastic
— P50/P90
 Built-in Scripting Language
* Macros
How can yOU acCess « Software Development Kit (SDK)

— C/C++
SAM models? _ Matlab

— Python

— PHP

— C#

— Java

— VBA

— NEW:iOS / Android

« Web Services API (PVWatts Only)
e NEW: Open-source SAM code




How does SAM fit in at NREL and.externally?

System Advisor Model

Solar Engineers, Solar Installers, PV v Grid integration studies
Developers, Utilities. etc. Monitoring platforms, etc.

AN

Renewable energy futures

LCOE of breakthrough
technologies

Over 2 million
hits per month

Started every
2 ¥z minutes

AN

v" Policy and utility rate design

AN

Technical potential studies

SAM & PVWatts

Commercial applications

Consumer Adoption Capacity Expansion Production Cost e.g. Southern Compan A
I I I
Model- dGen Model- ReEDS MOGElEFEEAOS AEP, Sunrun)
’

Grid Integration

SunShot Vision Study Studies (ERGIS, NARIS)
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Recent Imprc




Open Source Code

System Advisor Model

Pull requests Issues Marketplace Explore . y
/ F I . I
[ NREL/ Ik @Unwatch~ 10 | HUnstar 7 YFork | 4 eX I e

<y Code Issues 1
t ' This repository Pull requests Issues Marketplace Explore \ / T
LK (Language Kit) is a simpl ra n S P a re n t

applications. The core LK er L NREL / wex @ Unwatch~ | 14 Hunstar | 12 | Yok | 4
Standard C++ Library (STL),

°
Add topics ¢> Code Issues 18 /
This repository Pull requests Issues Marketplace Explore o ¥

Da2commits  wey which s short for WxWidge

— ) pular open-source project W = NREL/ ss¢ @Umwatch~ 17| KUnstar 12 YFork 15
Branch: develop > Newpulls (Nttps://github.com/NREL/wex/W ——

Add topics <5 Code Issues 11
niemntﬁ&mﬂﬂ Merge pull re¢ Q This repasitory Pull requests Issues Marketplace Explore

) 765 commits No description, website, or
. topics

i LK Cookbook

8 buid finux i L NREL / SAM @Unwatch~ 21 KUnstar 4 YFork 6
Branch: develop > | New pull request
I build_osx 1 D 4.343 commits
8 build_vs2013 E nickdiorio Merge pull request #63 frt e <> Codle Issues 13 Pull requests 0 Projects 0 Wiki Insiahts Settinas
i build_vs2017 B build_Jinux Branch: develop ¥ | New pully ) .
- | System Advisor Model (SA Git clones

—_—

i build_osx B sianzou Update pesk TOU G4 Add topics
I build vs2013 e — 10+ .
. D 4.238 commits
W build <2017 1 build_sndroid
——
B include/wex S | L0
Branch: develop = New pull
B pdfionts B build_linux 1 -
B build_osx cpaulgilman Fix #51 send-t [}
i build_vs2013 i Sandia 58 .\ L] L]
8 build_vs2017 B build_linu l \lﬁlb_lﬁ.\ -5
S L L \.
build
i build_osx .\ ! |
8 build_vs2013 \ #.\H\M H
B build vs2017 = . I-
0= 0
[ deploy
01/26 01127 01/28 01128 01720 01431 0201 02102 02103 0204 02105 0206 0207 0z2/08
i resource

49 4
http://sam.nrel.gov/opensource Clones Unigue coners
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New Weather Data for SAM.ard-P\\Aatts o

System Advisor Model

- My
7 “‘ ‘ - —
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[ ) J -‘NREL National Solar Radiation Database (NSRDB)
' Poti) 4 . Download the latest weather files from the NSRDB to add to your solar resource library: Download a typical-year (TMY] file for most long-term

-----

| download for single-year or P50/P30 analyses. See Help for details.

‘ Download a TMY file for Americas... H TMY or Single-year for Americas and Asia...

« NREL NSRDB V2 and V3 include weather data for much larger
geographical extent
o We are also collaborating with PVGIS to incorporate their data

« From SAM Ul: download TMY for your location, or download multiple
files of specific year data or TMYs from multiple datasets (update to V3
coming soon)

« NEW:PVWatts V6 API that allows accessto NREL NSRDB V3



Software Development Kit (SPK

New Open Save eas Find Run

var{ 'batt_target_power', real_array(read_text_file('C:/Users/jfreeman/Desktop/batt_target_power.csv')
379  var( 'batt_target_power monthly', [ 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 ] ); Code Language b4
380 wvar( 'batt_target_choice', @ };

381  wvar( 'batt_dispatch_choice', 3 );
382 wvar( 'batt_pv_choice', @ ); , L
383 run('pvsamvi'); 1 Choose a language: E
384 wvar( 'inflation_rate’, 2.5 )

H
385  wvar( 'degradatien’, [ 8.5 ] ); N
386  var( 'load_escalation', [ @ ] ); 1 J50N for inputs
387 wvar( :rate_esqlationj, I.:B] A i LK for SDKtoal
388  wvar({ 'ur_metering_option', 2 );
389 wvar( 'ur_nm_yearend_sell rate’, 2.027302088492334366 ); C
380  wvar( 'ur_monthly fixed_charge', 16.680080385175781 );
381 wvar( 'ur_monthly min_charge', @ ); MATLAB
382 wvar( 'ur_annual_min_charge', @ ); Pj"thl:ln 2
393 wvar( 'ur_en_ts_sell rate', 1 }; 1 Pj"thl:'n 3 I
394 var({ 'ur_ts_sell rate', real_array(read_text_file('C:/Users/jfreeman/Desktop/ur_ts_sell rate.csv'))); | I
385  wvar( 'ur_ec_sched_weekday’, 1 Java
36 [ [4,4,4,4,4,4,4,4,4,4,4,4, 3,3, 3, 3,3 3, 3,4,4,4,4,4], 1
397 [ 4,4, 4,4, 4,4, 4, 4, 4, 4, 4, 4, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4], o
398 [ 4,4, 4,4,4,4,4,4,4,4,4,4,3,3,3,3,3,3,3,4,4,4,4,41],
399 [4,4,4,4,4,4,4,4,4,4,4,4,3,3,3,3,3,3,3,4,4,4,4,4], H H
400 [2,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,1,1,1,2,2,2,2,21, I
401 [2,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,1,1,1,2,2,2,2,21, L
402 [2,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,1,1,1,2,2,2,2,21, H 1
405 [ 2, 2, 2,2, 2, 2,2,2,2,2,2,2,1,1,1,1,1,1,1,2,2,2,2, 2], 1
404 [2,2,2,2,2,2,2,2,2,2,2,2,1,1,1,1,1,1,1,2,2,2,2,2], 0K Cancel I
405 [2,2,2,2,2,2,2,2,2,2,2,2,1, 11,1, 1,1, 1, 2,2,2,2,21,
406 [ 4, 4, 4, 4, 4, 4, 4, 4,4, 4, 4,4, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4], 1 o
407 [ 4, 4, 4,4, 4,4,4,4,4,4,4,4,3,3,3,3,3,3,3,4,4, 4,4, 411}
408 wvar({ 'ur_ec_sched_weekend",
409 [ [ 4,4, 4,4, 4,4, 4, 4, 4, 4, 4,4, 4,4, 4, 4, 4, 4, 4,4, 4,4, 4, 4],
410 [ 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4,41, ' °
411 [ 2, 4, 4, 4, 4, 4,4, 4,4, 4,4, 4, 4, 4, 4, 4, 4, 4,4, 4,4, 4,4, 417, ® NEW. Androld
412 [ 4, 4, 4, 4, 4, 4, 4, 4, 4,4, 4, 4,4, 4,4, 4,4,4,4,4,4,4,4,41],
413 [2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,21, .
414 [2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,21,
= R R N T A Y T T A T A AL and iOS wrappers
46 [ 2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,21,
M7 [2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,21],
48 [ 2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,21],
419 [ 4,4, 4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,41], [ ] UI featu r'e to
40 [ 4, 4, 4, 4, 4, 4,4, 4,4, 4,4, 4,4, 4, 4, 4, 4, 4, 4,4, 4, 4,4, 4 1] )
421 wvar( 'ur_ec_tou_mat',
422 [ [ 1, 1, 9.9999996802856025e+037, @, ©.26686009201774597, @.26636099201774597 ], °
423 [ 2, 1, 9.9999996882856925e+837, @, ©.883279997110366821, @.883279997118366821 ], autol I latlcally
424 [ 3, 1, 9.9999996802856925e+837, @, ©.22056999802539417, @.22056999302589417 ],
425 [ 4, 1, 9.99999958082856925e+837, B8, ©.883250999752044678, @.883259999752844678 1 ] );
426 var( 'ur_dc_enable', @ );
427 var( 'ur_dc_sched_weekday’, generate COde for
428 [[1,1,12,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1],

49 [1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1], .

430 r,1,1,1,1,1,1,1,1,1,1,1,1,131,1,1,1,1,1,1,1,1,1,1], th SDK

41 [1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1, 1], use WI
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Battery Model Improvements *

System Advisor Model

 Calendar life degradation model for lithium-ion batteries
« All-iron flow batteries and flow battery model improvements
 Improved battery dispatch control

» DC-connected battery model improvements
» See Will Hobbs' presentation on Thursday!

-Calendar degradation
C ity fad
(O None @) Lithium-ion model (O Enter custom 100 apacityfade
-Lithium-ion model coefficients 80 _\
=
s 0.00266 |1/sqrt(day) 5 o0
o
b 7280 [k~ 9=090-k.cal * sqrt(t) S
= 40
— ® - ® - -
cK k_cal = a * exp[b(1/T - 1/296)] * exp[c(SOC/T - 1/296)] E — [T =20C, SOC=50%]
w — [T =30C, S0C=100% 1
-Custom degradation 20+
— [T =40C, 50C=50%]
Import... Battery age (days) Capacity (%) [T = 50C, SOC=100% ]
D 100 1 | I 1 1 | - 1 1 | IR
Export... 3650 80 0 1000 2000 3000 4000 5000 6000 7000 8000 900C
7300 0 Age of battery (days)
Copy
Paste
Rowvs:
3
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Solar Resource InterpolationMacre .

System Advisor Model

Easily interpolate hourly weather files to sub-hourly to
matCh |Oad prOﬂleS Interval Length: Same as Load ~

File selected from: 30 min Erce page ~

15 min

10 min

5 min

Wind Direction Interpolation for 1 Week
Interpolated Beam vs Hour 0
800 T T

@ hourly point 120 60
£ interpolated point 150

beam

sunset
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Released Beta version of the
Photovoltaic Reliability
Performance Model (PV-RPM)
that has been implemented in
SAM LK scripting language

http://sam.nrel.gov/pvrpm

Time series  Monthly Heat map Profile  Statistics

11
Module repairs
1 an
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Grid or transformer outages ]

05k i /d |
] P

S"‘fﬂgs m—
oaf Combiners failing

Inverter failure &

repair

) Dady Factors
B o< Equipmeent Operstional
|EI0] A< Equipment Operstional
00 Module degradation factor

Lmlhllulmlmlumlm

Modules failing

L L L L L " L i
Ot How Dec Jan Febs Mar Apr May Jun
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Samples failure distributions for
components in a PV system
and predicts failure times,
replacement costs, and
performance/cost impacts for a
more realistic representation of
LCOE of PV systems



http://sam.nrel.gov/pvrpm




Host + Developer FinancialModel sl

System Advisor Model

Dual-perspective financial model
combines:

1. Single owner cashflow model:

[ SAM (Open Source) 2018.1.3

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

Ca | CU | ate S P PA req U I red fo r Photovoltaic (detailed) Residential (distributed)
i . . . Photovoltaic (PVWatts) Commercial (distributed)
ﬂ nanC|a| Vlabl | |ty to deve|oper High concentration PV 'Third party ownership - host
2 ’ T h | rd pa rty owners h | p m Od € | g;r:ass combustion Thlrds::::zz\:::rmh? —
Ca|CU|ateS Va|ue to hOSt W|th Geothermal PPA partnership flip with debt (utility)
. . Solar water heating PPA partnership flip without debt (utility)
P PA p [l Ce a S N Ut Generic system PPA sale leaseback (utility)
TO eva | u ate P PA p I'I CeS .th at ma |<e CSP parabol?c trough (phys-ic-al] LCOF calc-ulator (FCR method)
CSP parabolic trough (empirical) No financial model

system financially viable to both €5 o e molica st
parties (military bases, housing
authorities, etc.)

NATIONAL RENEWABLE ENERGY LABORATORY



Bifacial Module Model K

System Advisor Model

Implementing bifacial model
developed by Marion et al
into main workflow of SAM

"A Practical Irradiance Model for Bifacial PV Modules” Marion et al, 44t [EEE PVSC, June 2017
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PV-Connected Fuel Cell Model o

System Advisor Model

In conjunction with Southern
Company, implementing a
PV +Battery+Fuel Cell model
within SAM
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Multiple MPPT Inverters o

System Advisor Model

 Ability to model inverters with
multiple MPPT inputs

— Different subarray orientations
— Varying string lengths
— efc

» Requires re-architecting core PV
model code

— Simultaneously designing to = North g
simplify possible future projects

Inverter

NATIONAL RENEWABLE ENERGY LABORATORY







DOE SETO Lab Call 1. Core SAM.Development bl

System Advisor Model

Open Source Model

— Incorporating user contributions, open source community support
— Better align PV model with pvlib

Platform Improvements

— Keep up to date in rapidly evolving battery, utility rate, and financial modeling
worlds

— Better connection with NREL building load modeling resources

PV Model Improvements

— Battery model: resiliency calculations, optimal sizing, optimized dispatch

— Smart inverter and off-MPPT operation for realistic grid integration studies

— Improved shorter timestep modeling
Stakeholder engagement, foundational maintenance, technical support

Thank you for your 15 letters of support!!
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DOF SETO Lab Call 2: P\ Uncektainiy *

Establish consensus methods for quantifying energy uncertainty in energy
production estimates
Propagate modeling uncertainty into annual energy estimates
— Identify & quantify sources of uncertainty

— Identify & implement methods to efficiently propagate uncertainty to desired
energy estimate metrics

— Publish methodologies (both in literature and in open source code)
« Quantify & publish reliability uncertainty using operational data

« Propagate reliability uncertainty into energy estimates using the PV-RPM
model as a foundation

« Quantify and represent weather uncertainty, leveraging long-term
historical datasets

We need your involvement!!
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Unfunded Ideas

 Crowd-sourced component database
 Floating PV, BIPV, Transparent/shifted spectrum PV
 Using spectral data from the new spectral NSRDB

 Importing measured data and tools for automated
comparison
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Thank you! Questions?

Janine Freeman - project lead, photovoltaic and wind models
Nick DiOrio - code architecture, battery storage models
Nate Blair - emeritus lead, financials, costs, systems
Steve Janzou - programming, utility rate structures (subcontractor)
Paul Gilman - user support and documentation (subcontractor)
Ty Neises - concentrating solar power models
Mike Wagner - concentrating solar power models

www.nrel.gov
http://[sam.nrel.gov

i:NREL
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