Upcoming Schedule

e Module 4 Office Hours
— Wednesday, April 25t, 1-2 Eastern

(S ) .
LP — Register here:

https://attendee.gotowebinar.com/register/30184335
84458928641

U.S. EPA Webinar on its Local Government Solar Project
Portal

@

— Wed, Apr 25, 2018 1-2 Eastern
\__/ ’ )
\IEI A _

Register here:

https://register.eotowebinar.com/register/520614946
4354575105
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EPA’s Local Government

Solar Project Portal

https://www.epa.gov/repowertoolbox/
local-government-solar-project-portal

 EPAinvites local governments across the

Issued Request Proposal | Signed | Capacity

country to meet their environmental,
energy, economic and domestic job

creation goals through greater utilization | .
of solar energy from on and off site solar o | *

\\\\\\\\\

projects that serve municipal operations.

,,,,,,,,,
ccccc

* Local governments will find project | . . B
development resources and EAr . e
opportunities to learn from industry | . .

experts and their peers. EABEE e
* Share Your Progress and learn more il Ml I il

about available resources and technical

\\\\\\\\\

support.
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https://www.epa.gov/repowertoolbox/solar-project-development-pathway-resources
https://www.epa.gov/repowertoolbox/frequently-asked-questions
https://www.epa.gov/repowertoolbox/share-your-solar-project-experience
https://www.epa.gov/repowertoolbox/forms/submit-question-our-solar-experts
https://www.epa.gov/repowertoolbox/local-government-solar-project-portal
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Tools That You Can Use

PV modeling tools take into account the factors that impact project potential

e Publicly available tools can be used to gauge initial potential, optimize system
sizing & refine project economics

Expertise and Required Inputs Key Outputs

Effort needed
FEMP DG Low * Location * Map interface with geospatial layers
Screening Tool * High-level economics
PVWatts Low * Location * PV energy generation (no
Calculator * System configuration economics)
REopt Lite Web Medium * Location *  Optimized system size and dispatch
Tool * Energy Consumption * High-level economics

* Rate tariff

System Advisor High * Energy Consumption * Detailed technology performance

Model (SAM)

* Rate tariff
* Detailed system configuration
* Financing inputs

* Detailed economic modeling

NATIONAL RENEWABLE ENERGY LABORATORY 4



Poll Questions

* Have you previously used REOpt?

* Have you previously used SAM?

NATIONAL RENEWABLE ENERGY LABORATORY 5



Steps to Modeling RenewableErergy

Weather Data

System Specs

System Losses

+ + +

Electricity
Production

Results

Annual, Monthly, and Hourly Output, Capacity Factor, LCOE, NPV, Payback, Revenue

NATIONAL RENEWABLE ENERGY LABORATORY



System Advisor Model (SAM) »

System Advisor Model

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

Photovoltaic, Single owner

Summary Data tables Losses Graphs Cash flow Time series  Profiles  Stafistics .

Location and Resource

© Hourly Data

OO Irradiance G
Module 20000 0O Irradiance D
[ Irradiance D
OO Irradiance P
OO Irradiance G
O Weather file

Inverter

System Design

. [ Weather file
Shading and Snow O] Weather file
OO Weather file

Losses OO Sun zenith 2
T [ Sun altitude!

00O Sun azimuth
17 Sun up over
OO Sun pesitior
[0 Absolute air
OO Subarray 1 ¢
OO Subarray 1 ¢
OO Subarray 1
OO Subarray 1
[0 Subarray 1 £
OO Subarray 1 F
[0 Subarray 1 F
OO Subarray 1 F
OO Subarray 1 F
OO Subarray 1 F
OO Subarray 1 ¢
OO Subarray 1 £
OO Subarray 1 ¢
OO Subarray1 ¢
OO Subarray 1 ¢
OO Subarray 1 ¢
Simulate > OO Subarray 1 F

1 1
OO Subarray 1 1
Parametrics Stac i Jan Feb Mar Apr May Jun Jul Aug Sep Mow CI0] Subarray1 ¢

P50 / P90 acros I v @. ) e
http://sam.nrel.gov/download

Battery Storage
System Costs
Financial Parameters

Time of Delivery Factors

m r| s

Incentives

Depreciation
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What can you do with SAMZ L

System Advisor Model

* Model a variety of technologies in a consistent platform

* Access high-quality performance and economic models
developed by NREL, Sandia, and other partners

* Calculate financial metrics such as LCOE, NPV, payback
for projects in different markets

* Perform parametric and uncertainty analyses
* View and export modeling results in a variety of ways

* Access extensive help documentation, view tutorials and
webinars

NATIONAL RENEWABLE ENERGY LABORATORY 9



SAM Users Il

System Advisor Model

SAM is started once every 2 /2 minutes
Over 65,000 active users in 130+ countries
90+ webinars with 113,346 views

Users include Sunrun, Enphase, AEP, Southern Company, EPRI, & more

Google Scholar Citations of SAM ® United States
600 -
555 W Spain
500 - 475 ® india
400 - 364 W Australia
?E; ] B Germany
300 - 291
227 ® China
200 - 177 Ep—
119
100 W Brazil
” 51
0 E ‘ D : D : | | ‘ r T | B United Kingdom
2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 B Mexico
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Poll Questions

* Do you anticipate buying PV directly or through
third-party owners at this point?

NATIONAL RENEWABLE ENERGY LABORATORY



Third Party Ownership

-Terms of Agreement
@ Leaze agreement (") Power purchase agreement (PPA)
First year monthly lease price 50 §/month First year PPA price| 01 |$.."kWh
Lease price escalation rate 1 %/year PPA price escalation rate| 1 |'}E..'r],rear

* From perspective of building owner (discount rate,
etc.)

* Enter the offered PPA/lease offer
 Enter load data and rate data

* Model evaluates if the third-party owned project is
profitable (= positive net present value)

NATIONAL RENEWABLE ENERGY LABORATORY



Sub-system Components Working Jogether

Example: Battery Model

« Designed primarily for behind-the-meter
analysis (residential and commercial scale
systems)

=

* Lithium ion and lead acid chemistries
including submodels for cell voltage,
capacity, thermal, degradation, and
replacements

 Highly configurable manual dispatch
controller

* Validated with laboratory measured test
data for two systems.

NATIONAL RENEWABLE ENERGY LABORATORY



Detailed photovoltaic model

Module
« Simple efficiency model

» Single diode model
o CEC database or datasheet

« |EC-61853 data based model
* Sandia PV Array Perf. Model

Inverter
« Sandia/CEC grid-tied inverter model
» Datasheet part-load efficiency curve

Degradation
« Extrapolated single year
« Lifetime simulation of all years

 Module test data (according to IEC-61853)

|EC61853 Single Diode Model v

Import...

Irr(W/m2)| TelK)| PmptW)| Vmp(V) VoclA)| IsclA)
100 15 669433 63.8967 79.5398 01175
£.48283 61,6303 |77.0356 0.1
59371 558834 | 70.77510.1101
536685 50,0207 |64.51450.1203
13880 662073 82433 0.2350
135153 |64.2559 800352 0.236
125576 |59.1117 |74.0262 0.2383
115662 |53.9109 68,0172 0.2407

Export... 100 25

100 50

100 75
Paste 200 15
200 25
200 50
200 75

Copy

Rows:

2

!

400 15 28.1891 |67.3057 |85.3378 0.4701
400 25 |27.4968 6539 |83.0348 0472

400 50 257322 |60.5878 |77.2773 04767,
400 75

23.9194 |55.7673 |71.5198/0.4814

-Additional information for p

MNumber of cells in series 118

Calculate parameters

II

Type CdTe

rSTC (from test data)

P

Power (Pmp) __67.33 W
Current (Imp) __T 05 (A

Open circuit voltage (Voc) V
Short circuit current (lsc) _1.18 A
Efficiency 9.42083 |3

r Installation and thermal behavi

Mominal operating cell tempC

Standoff hE|ght|Ground or rack mounted v|

Approximate mounting height|0nestovy building height or lower v |

r Optical and spectral behawvi

Module cover | Standard glass v|

A\rmassmodif\ar5| 0.941?” 0.05515” -0.02022” 0.00219“ -9.1&-005‘

rCalculated model parameters from IEC-61853 test data

n
B

K
1
3
i
i

STC temp coeffs
s OBOMTE
bew| 0217 wic
gamma%f’C

Diode factar (n] 1.45071

Light current (II) 18951 | A
Saturation current {lo) | 2.08522e-

Bandgap voltage (Eq) 0.737668 |ev

Rsh parameters
C 1930.15

c2 474,64

148746

Il
L

Update plot

7
2%
o
3
§
@

D2 -0.0769735

D3 0.237327

Current (A)

[ —@1000W/m2, 25C
— @800 W/m2, 25 C

[ — @600 W/m2,25C 4
— @400 W/m2,25C
—@200W/m2,25C
0 10 20 30 40 50 & T0 0
Voltage (V)
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Complex System Feature: 3D shading.calculator

Feedback Help

« Fully integrated into SAM

« (Calculates linear beam shading losses and sky
diffuse view factor loss

* Imports 2D mapping underlays from Bing maps

« Diurnal or hourly/subhourly time series shade
simulation

e Estimation of nonlinear losses for shaded
parallel strings

« Scripting to automate panel layout and
import/export geometry data

NATIONAL RENEWABLE ENERGY LABORATORY



Complex utility rate model.options

SAM models complex utility rates in conjunction with the NREL Utility Rate Database

Recent additions:

Additional net metering options have been added and implemented to help users understand the
impact of different scenarios currently implemented in several states.

Metering options

() Met metering rollover monthly excess energy (KWh) ‘Year end sell rate 0.02739 | 5/kKWh

() Net metering rollover monthly excess dollars () MNon-net metering sell rate op

(®) Mon-net metering monthly reconciliation ®) Sell excess at energy charge sell rates

() Non-net metering hourly reconciliation (O Sell excess at specified sell rate Single TOU sell rate 0 S/KWh

New data browser categorizes and consolidates results.

J Energy charge without system (TOU] Jul () X} J Energy use without system (TOU
e 7o e Tt
© Utility Rate Data by Tier/Period - -
[ Energy charge with system (TOU) Apr (S) Period1| 6284 6284 Period 1 | 235,47 23347
- Period2 | 53053 50.33 Period 2 | 606.77 606.77
[ Energy charge with system (TOU) Aug (%)
[ Energy charge with system (TOU) Dec (5) Total 113.37| 113.37 Total 84223 84223
[ Energy charge with system (TOU) Feb (S)
[ Energy charge with system (TOU) Jan (§)
[ Energy charge with system (TOU) Jul (5)
[ Energy charge with system (TOU) Jun ()
[ Energy charge with system (TOU) Mar (3) J Energy charge with system (TQU] Jul (5) X} J Energy use with system (TOU) Ji
[ Energy charge with system (TOU) May (5)
[ Energy charge with system (TOU) Nov (§) Tier 1 1"“’" Tier 1| Total ‘
[ Energy charge with system (TOU) Oct ($) Period 1| -9.24 -9.24 Period 1 -34.61 -34.61
[ Energy charge with system (TOU) Sep (5) Period 2 | 18.03 18.03 Period 2 21656 216.56
[ Energy charge without system (TOU) Apr (8) Total 830 8230 Total 181,05 181.95
[ Energy charge without system (TQU) Aug (5)
[ Frerav charae without sustem (TOLN Dee (51

Linkage with OpentEl rate database improved and expanded for some international rates.

DpenEl http://www.openei.org Eg Utility Rate

Opan Encrgy Information D AT AB A 5 E
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Several ways to enter building.load.data

Calculate Load Data v

~Building Energy Load Profile Estimator

-Building Characteristics -Electric Appliances »
Floor area 20000 sqft Ceooling system Dishwasher
Year built 19&0
[¥] Heating system [¥] Washing machine
Mumber of stories 2
Mumber of cccupants 4 Range (stave) Dryer »
Energy retrofitted || Refrigerator Misc, electric loads
Occupancy schedule fraction/hr
-Temperature Settings -Monthly Load Data
Heating setpoint 68.0 =F Jan 72500 KWh Jul 192500 kKwh
Cooling setpoint 78.0 - Feb 63000 kKWh Aug 173000 kKWh
Heating setback point 68.0 =f Mar 66500  KWh Sep 1380100 kwh
Cooling setup point 780 = Apr 79500 kKWh Oct  L080.00  kWh

Temperature schedMEDWﬁ May 104000 KWh Mov 63500 kWwh

Jun 159000 kKwh Dec 71500 KWh

[ View load data...

~Annual Adjustment
————— In Value mode, the growth rate applies to the previous year's

viue |
Load growth rate 0 %/¥'  annual kWh load starting in Year 2. In Schedule mode, each

year's rate applies to the Year 1 kWh value. See Help for details.

Load profile in a file
that can be scaled
for monthly values.

Residential loads:
Use data about the
building to create
load data with
consistent weather
data

Macro to download
load data from
Opentl
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Putting it all together: Dispatch.and.degradation

A D S S S S — — —————— — —— — — — — — — —
. . =P ower to load from PV [KW)
Battery meets portion of load during — Power to load from battery (kW)
cececeeeceecetEEcegesesceeceEE EE ]_5-— peaks _- —Puwertuluadfrumgrid[km
L e s - ]

e R ] R
28 TERRET " CIERIERNY | | 4 kW PV system
BB RE 5 W beak load
w BEREEERTEET e EE pea Oa
Aug.i‘li11..|‘l11||l|..
SEp.l‘l‘l‘l‘l..‘l‘l‘l‘lll‘l‘l..
oct BN HEY YT EE
(O EREREREREN | EREREREREREREREN | |
pec [ (4 11 1 BB 11101 11 EE

[N N N I N I Y N N T T T T
0003 06 09 12 15 18 21 0D 03 06 0% 12 15 18 21 0D 03 06 09 12 15 18 21 0D

Apr27-2° After Tax Cash Flow- System Lifetime
Capal:i‘l]rfalle T T T T T T
100 T T T T T T T T T
B mN_ _ Battery replacements
g : : : : == - " ]
> User input degradation with cycling result in additional costs
g and depth-of-discharge - -
£ wf 1 o Husmnsunnnn_ENNEREEEN il
i+ — Dol: 20%
onr — DoD: 80% 7
% S0 do00 im0 2000 2m0 500 s oo 4sco  som : : : : : :

[+ 5 1o 15 20 5

Cycle number Ml After-taxcash flow
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Extending SAM

Desktop Application

« Advanced Analysis Features
o Parametric
o Stochastic (and for O&M)
o P50/P90
*  Built-in Scripting Language
e Macros
o  Written with SAM scripting language

f outputs

Requires programming skills
»  Software Development Kit (SDK)
o C/C++, Python, C#, Java
o Matlab, VBA
o PHP
o 10S And Android (NEW!!)
*  Web Services APl (PVWatts Only)

*  Open-sourced SAM code (NEW!!T)

Financials -

@@

AdsS

SAM project file > Code

External applications

NATIONAL RENEWABLE ENERGY LABORATORY




Poll Questions

Do you anticipate using SAM in a way other than via
the desktop tool?

NATIONAL RENEWABLE ENERGY LABORATORY



How to Interact with the SAMdeam.and.get help?

Website — http://sam.nrel.gov
o Support Forum — Ask your question!
o General info/ online help file / contact info
YouTube Channel
o https://www.youtube.com/user/SAMDemoVideos
o All prior webinars and seminars
Bi-Monthly Round Table sessions

o SAM team asks questions live
and interactively

* Email Support

o SAM support can provide
email support if question/bug
s involved

NATIONAL RENEWABLE ENERGY LABORATORY


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)

NATIONAL RENEWABLE ENERGY LABORATORY


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

1. Before you’ve issued a request for proposals:

* PVWatts + Financing Options
o Buying the system yourself (Commercial model)
o Third party ownership

2. After you’ve received bids:

* Detailed PV + Third Party Ownership
o Parametric analysis with multiple PPA price offers

NATIONAL RENEWABLE ENERGY LABORATORY



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

LiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

partment of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Selecting a Technology and Financial Model

Photovoltaic (PVWaitts)

High concentration PV

Wind

Biomass combustion
Geothermal

Solar water heating

Generic system

CSP parabolic trough (physical)
CSP parabolic trough (empirical)
CSP power tower malten salt
CSP power tower direct steam
CSP linear Fresnel molten salt
CSP linear Fresnel direct steam
CSP dish Stirling

CSP generic model
Help

Residential (distributed)

Commercial

Third party ownership

PPA single owner (utility)

PPA partnership flip with debt (utility)
PPA partnership flip without debt (utility)
PPA sale leaseback (utility)

LCOE calculator (FCR method)

No financial model

OK Cancel

NREL
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Select a Weather File

E3 saM 201795

File v (DA

Photovoltaic, Commercial

Location and Resource

Module

Inverter

System Design
Shading and Snow
Losses

Lifetime

Battery Storage
System Costs
Financial Parameters
Incentives
Electricity Rates

Electric Load

Simulate >

Parametrics Stochasti

P50 / P90 Macros

FN

ic

NREL National Solar Radiation Datab:

(NSRDB)

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 cash flow analyses, or choose files tc
download for single-year or P30,/P20 analyses. See Help for details.

‘ Download a TMY file for Americas...

TMY or Single-year for Americas and Asia...

Map on NSRDB website

International Data Sources

rSolar R Library

Use the buttons above to download the latest NSRDE files and add them to your solar resource library. Click Folder Settings to add your own weather files to the library. The

default library contains legacy weather files. See Help for details.

Weather ﬁle‘ CASAM\2017.9.5\s50lar_resource\USA AZ Phoenix (TMY2).csv

-Header Data from Weather File

City‘ Phoenix

-Annual A Calculated from Weather File Data

Time zone

Elevation

Data Source

GMT -7

339m

T™MY2

Latitude 334333°N |°N
Longitude -112.017 °E |°E
Station ID| 23183

Global horizontal kWh,fmz,fday
Direct normal (beam)kWh,"m‘,fday
Diffuse horizontal kWh/m?*/day

~Files in Library

Average temperature °C

Average wind speed m,"s
—

Maximum snow depth

Folder settings...
Refresh library

Open default library folder...

View weather file data...

Search for: I:l Name »

Name

USA AZ Kingman (amos) (TMY3)
USA AZ Luke Afb (TMY3)

USA AZ Page Muni (amos) (TMY3)

Station 1D
723700
722785
723710

Latitude
35.267
33.55
36.933

Longitude

Time zone Elevation
-7 1033

-7 331

-7 1304

NREL
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Choose a Module and an Inverter

E3 sam 201795

File v @Add

Photovoltaic, Commercial

Location and Resource
Module

Inverter

System Design
Shading and Snow
Losses

Lifetime

Battery Storage
System Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

Simulate >

Parametrics Stochast

P50 / P90 Macros

L

ic

untitled v

CEC Performance Model with Module Database v

SunPower SPR-76RE-BLK-U
SunPower SPR-E18-295-COM
SunPower SPR-E18-300-COM
SunPower SPR-E18-305-COM
SunPower SPR-E19-235
SunPower SPR-E19-240
SunPower SPR-E19-245
SunPower SPR-E19-310-COM

£
rModule Characteristics at Reference Conditions

I_mp_ref
5.65
545
549
5.58

5.8

593
6.05
5.67

V_mp_ref A N_s
1345 0.541 24
54.2 1.631 96
547 1.631 96
547 1.631 9%
405 1.244 72
405 1.244 72
405 1.244 72
547

1.631 96

I_sc_ref
6.02
5.83
5.87
5.96
6.18
6.3
6.43
6.05

Reference conditions: | Total Irradiance = 1000 W/m2, Cell temp = 25 C

SunPower SPR-E19-310-COM

o

Nominal efficiency 19.0159 (%

Temperature coefficients

<

5 Maximum power (Pmp)|  210.149 [wdc | -0386 J%/°C ||
<§, Max power voltage (Vmp) Vdc
ta
§ Max power current (Imp)Adc
S Open circuit voltage (Vo) 644 vac | 0273 ]serc ||
s 2
3 Short circuit current (Isc) 61]Adc | 0082 |%/°c [
=
0 | . | | . |
0 10 20 30 40 50 60
Module Voltage (Volts)
Temp ¢
(® Nominal operating cell temperature (NOCT) method "NOCT method parameters
AN s r____aL_ MAnntinAa ctanAnff [ Craiind Ar racl maanmdad 7
>

NREL
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Set Up Your System

Ed sAM 201795 - ] X

File v @Add

Photovoltaic, Commercial

untitled v

rSystem Sizing

Location and Resource (®) Specify desired array size (_) Specify modules and inverters

Desired array size kWdc Modules per string

Module DC to AC ratio Strings in parallel

Number of inverters

Inverter
: rConfiguration at Reference Conditions
SyStem DES"gn Modules Inverters L :
Sizing messages (see Help for details):
Shad‘mg and Snow Nameplate capacity 219.586 kWdc Total capacity 179.577 |kWac Actual DC/AC ratio is 122,

Number of modulesm Total capacity 183.300 kWdc
Losses Modules per string n Number of inverters
o Strings in parallelm Maximum DC voltage 1,000.0 |Vdc
Lifetime X -
Total module area 1,1547 |m Minimum MPPT voltage 570.0 \Vdc
. R Voltage and capacity ratings are at module reference
Battery Storage String Voc 7128 |V Maximum MPPT voltage 800.0 |vdc conditions shown on the Module page.
String Vmp 656.4 |V Battery maximum power 0.000 kWdc

System Costs

Financial Parameters

rDC Subarrays

To model a system with ane array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in parallel

|ﬂC€ﬂt|VeS to a single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.
E\edridty Rates Subarray 1 Subarray 2 Subarray 3 Subarray 4
-String Configurati
Electric Load Strings in array (always enabled) [ Enable [Enable [Enable
Strings allocated to sulfrray 0 0 0
Simulate > l‘_ ~Tracking & Orientati
Parametrics Stochastic Azimuth @ Fied Fixed Fixed Fxed
. N=0 . O 1 Axis 1 Axis 1 Axdis 1 Axds
) ) i o
P50 / P90 Macros & , )2 Ao , , , v
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Optionally, Enable a Battery

B sam 201795

File v (H)Add

Photovoltaic, Commercial

Location and Resource
Module

Inverter

System Design
Shading and Snow
Losses

Lifetime

Battery Storage
System Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

Simulate > l‘_

Parametrics Stochastic

P50 / P90 Macros

Battery type | Lithium lon: Nickel Manganese Cobalt Oxide (NMC) ~

rBattery Bank Sizing

(@ Set desired bank size (O Specify cells

Desired bank CEDaCiWkWh T MNumber of cells in series
Desired bank pOWErkW DC o~ Number of strings in parallel

Bank capacity and power fields are values measured before
conversion and parasitic losses. If specified in AC, the DC/AC
conversion efficiency will be used to scale the battery size.
See help for sizing information.

Max C-rate of charge

Max C-rate of discharge

rVoltage Prop:

Cell internal resistanceOhm

Desired bank voltage V (0o The desired bank voltage is used to calculate the interal battery configuration using the provided cell

nominal voltage. If you've manually specified the cell configuration, the desired bank voltage input w

Cell nominal vcltage\i (DC) not be available. Cell resistance is used to compute the battery temperature and voltage

-Voltage curve specificati

@ Use voltage model (O Use input voltage table
-Voltage model -Voltage table

There is no voltage model in SAM for iron-flow For iron flow batteries, enter a table of voltage vs. depth-of-discharge which will be linearly
batteries. Other chemistries have models for use interpolated between in the simulation. You can also choose this option for other battery
chemistries. The interpolated voltage is updated to include internal resistance ™
>

NREL
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Define Costs, Financial Parameters

Ed sam 201795

File v @Add U

Photovoltaic, Commercial

Location and Resource

Module

Inverter

System Design
Shading and Snow
Losses

Lifetime

Battery Storage
System Costs
Financial Parameters
Incentives
Electricity Rates
Electric Load

Simulate > l‘_

Parametrics Stochastic

P50 / P90 Macros

rProject Term Debt

Debt $518.91291 value for calculations.

WACC % For a project with no debt, set the debt percent

to zero.

The weighted average cost of capital (WACC) is

Net capital cost $518,912.91 displayed for reference. SAM does not use the

rAnalysis P

Analysis period years

Inflation rat

Real discount rat:

Nominal discount rate

' Tax and Insurance Rates

Federal income tax rate %,"year

-Property Tax:

Assessed percentage% of installed cost

State income tax rate m 7

Sales tax 5

Insurance rate (annual)

%fyear
% of total direct cost

% of installed cost

Assessed value
Annual decline

Property tax rate

$518912.91
0 |%/year

Sal Value

Net salvage valueljl% of installed cost

End of analysis period value

Federal

(O No depreciation
@ 5-yr MACRS
(O Straight line

State

() No depreciation
@ 5-yr MACRS
(O Straight line
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Examine Outputs in a Variety of Ways

Summary Data tables
Location and Resource
Module Annual energy (year 1) 411,280 kWh
Capacity factor (year 1) 214%
Inverter Energy yield (year 1) 1873 KWh/KW
. Performance ratio (year 1) 078 E
System Design Battery efficiency (inc. converter + ancillary) 91.14% Potoveiais. Cowmerdel ‘
Levelized COE (nominal) 575 ¢/kWh 30000} ;
ion and Resource
Shading and Snow Levelized COE (real) 455 ¢/kwh Locstoniand Qseach
Electricity bill without system (year 1) 626030 25000} | Module IO Subarray 1 Open circuit voltage (V) A
Losses Electricity bill with system (year 1) $783.282 _ 1] Subarray 1 Short circuit current (A)
Met savings with system (year 1) $42747 £ 2o00f | Inverter [CIC] Array POA total radiation nominal (W)
Lifetime Met present value $109917 = g g Array 2: beam radiation nominal (kKW)
_ Array POA total radiation after shading only (W)
Payback period 110 years £
Battery Storage D:coum:d payback period 2 Sxars rsooof- | System Design 3 [IC] Array POA total radiation after shading and soiling (KW)
: b4
. - 10 Array POA beam radiation after shading and soiling (kW)
Met capital cost 518913 ; g
System Costs Eaurty 0 soopa | Shadingand:Snow H gg o ocres '(:;;)“““""W‘W”
ay DC power
Debt 518913 L
oa e osses IO inverter DC input voltage (V)
Financial Parameters soob § DI inverter efficency (%)
) Lifetime § D)0 Inverter clipping loss DC MPPT voltage fimits (kW)
Incentives ob ] = [0 Inverter clipping loss AC power limit (KW)
[0 Inverter power consumption loss (kW)
Electricity Rates Battery Storage 10 Inverter night time loss (kW)
00 AC wiring loss (kW)
Electric Load Ersrgy bk 204 shading loss System Costs DO Transformer no load loss (W)
W POA soiling loss . . 2 oo load loss (kW)
mocuie megeiea | Financial Parameters oo total loss (kW)
nr DC inverter MPPT ¢ . |WIC] System power generated (kW)
0 mismatch oss Incentives ICIE] Erectricity load (year 1) (kW)
D diodes and con 00 Bill load (year 1) (KWh)
oc dades ncarme] Elocyricity Rates CIC] Electricity to/from grid (year 1 hourly) (WWH)
i I DC wiring loss 0] Electricity to grid (year 1 hourly) (Wh)
MOC vacking loss Hlactricload 0IC] Electricity from grid (year 1 hourly) (Wh)
namepiate OO Electricity from system to load (year 1 hourly) (KWh)
D - o zer id) electricity I
mulate > % 5 oG pewer apmizer 00 Lifetime ty load (W)

O] Eectricity to/from grid peak (year 1 hourly) (kW)

1] Electricity peak from system to load (year 1 hourly) (KW)
[DIC] Electricity sales/purchases with system (year 1 hourly) (5)
0] Electricity sales/purchases without system (year 1 hourly) ($)
0] Energy charge with system (year 1 hourly) (S)

[0 Energy charge without system (year 1 hourly) ($)

)0 Demand charge with system (year 1 hourly) (§)

= 101 Demand charge without system (year 1 hourly) ($)
Simulate > I.l IC] TOU period for energy charges (year 1 hourly)

Parametrics Stoch. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec gg l:‘m‘?:"";’s::; :z‘::;';’{g&‘y:;um:, T

ps0/790 Moo » QALK =

performance adu

Electricityload (year 1) (kW)
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How to Learn More and Get Help

*  Website — http://sam.nrel.gov

— Support Forum — Ask your question!
— Documentation / case studies / general info

 Webinars/YouTube Channel

— https://sam.nrel.gov/webinars

* Bi-Monthly Round Table sessions
— Ask the SAM team questions live
» Email Support for complex questions

—
33 Download SAM | System %
€« C O | @ Secure | hitpsy//sam.nrel.gov/download e
i apps IR sam Git [} ReleaseNotes [) Weather © PVPMC {y Workday S PubHub &% trac [) Yoga®NREL [} Desal FOA 5" CombinePDF
?-1 : Login | Register
System Advisor Model (SAM
el | Search
HOME DOWNLOAD SDK SUPPORT RESOURCES CONTACT ACCOUNT ABOUT
Download SAM Legacy Versions
published by admin on Tue, 2011-08-30 08:47 Lag on or Register to download legacy

versions of SAM.

Download SAM 2017.9.5 for Windows
== Windows 10/8/7, EXE 192 MB

Download SAM 2017.9.5 for OS X
‘ 05 X 103 Intel or later, DMG 212 MB

Download SAM 2017.9.5 for Linux
A Linux x86-64, RUN 244 MB

The current version of System Advisor Madel is SAM 2017.9.5. It requires about 900 MB of disk space, and
runs on Windows 10/8/7, 0S X 10.9 or later, and Linux x84-64 operating systems. On Windows, SAM's
installation program automatically installs both the 32-bit and 64-bit version on your computer, and the desktop
and Start menu shortouts point to the version of SAM that matches your computer's operating system. Only
B4-bit versions are available for OSX and Linux

The first time you start SAM, you must provide a vaild email address to request a free registration key that
NREL will automatically email to you. This registration system gives NREL a way to collect information about
the number of people using SAM for project reports to the U.S. Depariment of Energy.
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