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SAM Webinars 2018
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Modules, Recording available

At NBOASE 2F {! aQa bSg {2f¢
Download Features, Today

A Modeling PV Systems with Multiple MPPT Inverters,
October 18

For registration links

and recordings of past webinars, go to
https://sam.nrel.gov/webinars
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https://sam.nrel.gov/webinars

System Advisor Model (SAM)

SAM is free software for modeling https://sam.nrel.gov
the performance and economics of s peyeioped by NREL with
renewable energy projects. funding from DOE

A Windows, Mac, and Linux

Locaton and Resource

Modue Morthly Array and System Sroduction Promct Ator-tes Canh flow

Areusl energy 37,281 902 kAR

Capacity factir a2x .
e i - A One or two new versions
System Design :«“‘:m; :’:—; . e

prce (Vear 28 ¢

el st arerpay el ML T o per year

Leveiond PPA price (nominal) 1120 €/0Wh Siivins 6 o
Losses Levekzed cost (narmnad) 1043 </VWh = -

Nat peesert abie 12728.0%
System Costs Ioternal rate of retuen FR) 1100 % “
: Yew BE i achirved » tou e
ravdomparees By | A Software Development

Wl cost 41172380
Fnancial Paramaters Inisal cont less cash incentives $41,172380 .

fquey $10471.5% T Sooer Klt (S D K)
Time of Delvery Factors Dete 21,200422 . \ : ¢ 31 1 u »n =

Dete fraction uns Wheccceowy: ENeseey, W A%-tae oo et
Incertives
Depreciaton {rergy Loss W POA thasng a A .

i Open source project

A Support
- Help system
- Documents on website
- Online forum
- Contact form on website
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http://sam.nrel.gov/

SAM Beta Version

Windows

https://sam.nrel.gov/sites/default/files/content/public
releases/sanbetawindows20189-13.exe

Beta releases expire @13/2019, official releasdater this fall.
Pleasesendany feedback to

https://sam.nrel.govsupport, or

samsupport@nrelgov
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https://sam.nrel.gov/sites/default/files/content/public_releases/sam-beta-windows-2018-9-13.exe
https://sam.nrel.gov/support
mailto:sam.support@nrel.gov

A Weather data and SAM

A Overview ofNationalSolar Radiation Database
(NSRDB

A Motivation for updating Location and Resource input
page

A Demonstration of new features

A SAM tools for working with weather data

A Questions an@nswers
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{ | adiffarent solarenergy models requirdifferen
or subhourlydata in a weather file

Photovoltaic (PV) Concentrating
Solar Power (CSP

w

Latitude and longitude

Time zone

Elevation above sea level

W
W
Direct Normal Irradiance (DNI) )

e € [E € [E

Diffuse Horizontal Irradiance (DHI)

Global Horizontal Irradiance (GHI)

e

Dry bulb temperature

wet bulb temp or dew point

Relative humidity

Atmospheric pressure

SN £ BEN €

Wind speed )
Albedo 0wl

Snow depth 0O WL
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weather data elements

A Calculate DNI and GHI from Global Horizontal (GHI)
and either DNI or GHI for photovoltaic models

A Use planeof-array (POA) data for photovoltaic
models

A Calculate dew point or weitulb temperature when
missing from dry bulb temperature, relative
humidity, and atmospheric pressure for CSP models

2SI O0KSNJ 51

| SfLJ aeaagsy
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Time series graph of hourly data for photovoltaic modeling

Data Viewer. FASAMDEV\sam\deploy\solar_resource\phoenix_az_3
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Q, Search

© phoenix_az_33.448377_-112.074037_psmv3_60_tmy.csv
! | Glebal irradiance - GHI (W/m2)
EjEeam irradiance - DMI (W/m2)

W]  Diffuse irradiance - DHI (W/m2)

[ | Plane of array irradiance -POA (W/m2)
mWind speed (m/s)

| Wind direction (deg)

CIE] Ory bulb temp (C)

OO wet bulb temp (C)

OO Dew point temp (C)

O | Relative humidity (%)

[0 | Pressure (millibar)

O | Snow depth (cm)

! | Albedo (fraction)

NATIONAL RENEWABLE ENERGY LABORATORY




SAM reads weather data from a text file in the SAM CSV

format

[ phoenix_az_33.448377 -112.074037_psmvw3_60 tmy.csv 4 |

Source, Location ID,City,S5tate,Country,Latitude, Longitude, Time Zone,Elevation,Local Time Zone,Dew Point Unit
2 MSRDB, 310820,-,-,-,33.45,-112.06,-7,321,-7,c,w/m2,w/m2,w/m2, c, mhar, Degrees, m/=,v2.0.1

3 Year,Month, Day, Hour, Minute, Dew Point, DHI,DNI, GHT, Pressure, Temperature, Wind Direction,Wind Speed

4 1%9%,1,1,0,0,1.5150146484375,0,0,0,956,10,.545068359375023,84,4

5 159%,1,1,1,0,0.627410888671875,0,0,0,956,9.642938232421898,83,4

=

2,0,-0.191650390625,0,0,0,956,8.810174560546898, 83, 4
1,3,0,-0.7799072265625,0,0,0,955,8.211938476562523, 83, 4

8 1,4,0,-1.0946044921875,0,0,0,955,7.891900634765648,82, 4

s 1¢98,1,1,5,0,-1.20257568359375,0,0,0,955,7.782037353515648,81,4
1,6,0,-1.265655517578125,0,0,0,955,7.717767333984398, 80, 4
1,7,0,-1.18536376953125,0,0,0,955,7.799371337890648, 80, 4

8,0,0.889801025390625, 24, 338, 49, 956, 9.909692382812523, 82, 3

13 1998,1,1,9,0,4.219818115234375,53, 683,222, 956,13.292260742187523, 85, 3

14 19%8,1,1,10,0,8.23760986328125, 67,818, 387,956,17.370355224609398,97, 2

15 19sg,1,1,11,0,11.3858642578125, 75,881,509, 955,20.565301513671898,115,2

1%98,1,1,12,0,13.73919677734375, 79, 907,574, 954,22.953912353515648, 136, 2

17 19ss,1,1,13,0,14.839935302734375,79,907,576,953,24.071435546875023, 155, 1

=
()]

18 1998,1,1,14,0,14.762115478515625, 75, 882,514,952,23.992486572265648,172,1
i 19s8,1,1,15,0,13.650054931640625, 68,823, 396,952,22.863549804687523, 184, 1
20 1998,1,1,16,0,11.0322265625, 54, 696,234,953,20.206658935546898,193,0

21 19%8,1,1,17,0,7.9166259765625,27,376,59,953,17.045007324218773,182,0

22 1998,1,1,18,0,6.90533447265625,0,0,0,953,16.018731689453148,127,0

23 1998,1,1,19,0,6.11773681640625,0,0,0,953,15.219354248046898, 107, 1

24 1998,1,1,20,0,5.483306884765625,0,0,0,953,14.575433349609398, 105, 1

25 1998,1,1,21,0,4.91253662109375,0,0,0,953,13.996118164062523,108,2

26 1998,1,1,22,0,4.382568359375,0,0,0,952,13.458184814453148,113,2

27 19sg,1,1,23,0,3.82037353515625,0,0,0,951,12.887475585937523,119,2

28 1998,1,2,0,0,3.293487548828125,0,0,0,951,12.352502441406273,126,2

28 1998,1,2,1,0,2.777587890625,0,0,0,951,11.828515625000023,131,2

L
=]
=
sl
sl
o
-
=
-

.32659912109375,0,0,0,951,11.370416259765648, 134, 1
.9180908203125,0,0,0,951,10.955468750000023,132, 1
.55499267578125,0,0,0,951,10.586602783203148, 123, 1
.24969482421875,0,0,0,951,10.276330566406273,114, 1
.04010009765625,0,0,0,951,10.063287353515648, 109, 1
LNRZAEERE4QANGZTE O 0.0 95110 1T0&ITTIIBERTIRGQE._ TOGQ .2
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SAM CSV format has sevdrahefits over older form'at"’s*

A Use spreadsheet software and text editors to modify
or create

A Generate from script
o Custom data
o Convert from other formats
A Flexible format
o Columns can be in any order
o SAM ignhores columns it does not need

A Format is used by NREL NSRDB

SAM also reads weather files in EPW an(
f SAFOé bw9[ dc¢ca, HE
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Typical year and single year data

A Typical meteorological year (TMY) data

o One year of data represents a muygar historical
period

o Look at data over several years, choose month that
0Sali NBLINBaSyilda GKFOG Y2vy
period.

o Each month in a TMY file is for a different year

A Singleyear data
o One year of data for a particular year
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W System Advisor Model (Open Source) Help — O

Back Home Web site

Edit Schedule

MNotes

Excel Exchange

Libraries

Macros and Scripting

Software Development Kit

File Formats

Software Installation

Registration

Web Access and Proxies
Simulation

Parametric Simulations

Stochastic Simulations

P50/P90 Simulations

Optimization
Weather Data

Folders and Libraries

Download Weather File

Weather Data Elements

Typical and Single Year

Time and Sun Position

Photovoltaic Systems
Location and Resource
PV System Costs
Edit Shading Data
Detailed Photowoltaic Model
Module
Inverter
System Des<ign
Shading and Snow
Losses
Battery Storage
Results
PVWatts
System Design
Results
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Forum Email support Release notes Scripting reference About Close

~ SAM CSV Format Description A

The SaM CSV format is a comma-separated text format for SAM's solar performance models. It uses a standard CsV
format that you can edit in any spreadshest program, text editor, or other appropriate software.

The SAM CSV format supperts hourly and sub-hourly data with up to a one-minute resolution. SAM recognizes the
weather file's time resolution based on the number of data rows in the weather file. For example, SAM recognizes a file
with 8,670 data rows as an hourly data file, and a file with 35,040 rows as 15-minute data. & minute column is optional for
hourly data, and required for sub-hourly data. By default, for hourly data SAM calculates sun position angles at the mid-
point of the hour. However, if you specify the optional minute column for the hourly data, SAM calculates the sun
position at the minute indicated in that column. For sub-hourly data, sun angles are calculated for the minute indicated in
the Minute column. See Time Convention and Sun Position for additional details.

SAM reguires a valid value for all time steps for each data element. It does not fill data gaps. It does perform some checks
on the weather data before running a simulation, and displays messages about problems with the data in the simulation
notices, You can alse run the Solar Resource File Checker macro to perform the checks without running a simulation.

Header

The header rows provide location information and metadata, and identify the data columns.

Row 1
Row 1 contains labels for the lacation data and metadata, and must include at least the following, which may be in
any order and with any capitalization:

- Latitude
- Longitude
- Time zone

- Elevation

The opticnzl Units flag indicates that your weather file includes an extra header row for measurement units, By
default, the SAM CSV format does not include a row for measurement units in the header. To include a units row in
the header, add hasunits to Row 1, and set its value in Row 2 to yes. Then add a row after the data column heading
row (described as Row 3 below) with units for 2ach column. If hasunits is no, or is omitted from Row 1, SAM assumes
that the header does not include a row for units. SAM ignores the infarmation in the units row, but it can be useful to
help you keep track of units.

For example, a valid Row 1 might look like this:
Source,Location 1D, City,State, Region, Country, Latitude, Longitude, Time Zone Elevation

See the table below for a complete list of Row 1 header fields, accepted labels, and and units,

LABORATORY




NREL National So




NREL National Solar Radiation Database data is available for many countrie

In the Western Hemisphere and South Asia

Select and Query Data REL NSRDB Data Viewer Abour Home FPrimt Feedback Tumrials

AR S LSEARI

Data Layers Legend Query
@ +]-1O

- Environmental

> Infrastructure

» Land Ownership

- Power Plants Crsaniand

> Ground Measurement Sites

4 NSRDB Finland
[] spectral TMY B Sweden
Russia
] MT51 Norway
[] mrs2 s Kingdom
f— MTS3 Germany =~ Ukraine T
: \ Mangolia
4 PSMv3.0.1 e e ¢
P Spain i
f# Multi Year PSM Direct Normal Ir2... 2% @ Nerth Turkey . Japan
— : : China South Korea
- ) ) Atlantic % ira Alghaiisian L
| Multi Year PSM Global Mormal Irradiance Ocean 9 lran o
Algeria Libys Egypt Pakista -
» Annual Means Saud| Arabia i :
e Mol Niger . Thailane
F h Sudan
PS5M v2.0.1 " - £
[] Multi Year PSM Direct Normal Irradiance il Higerta Ethiopia
— Colombilz
| Multi Year P5M Global Horizontal lrradiance & . “ bRC Kefya ]
. k! y - Tanzania Indonesla P’E"
» Summary Statistics Yoow 1 L
[ : Fr Anpola
> India Summary Statistics 3y \\h . :
Namibia Madagascar Indian
4 SUNY South - South Botswana Ocean Australis
== p— . Pacific Atlantic
f#¥| SUNY India Direct Normal Imadiance 7] T Ocean ek Atrica
' SUNY India Global Horizontal Irradiance Argenting

[[] spectral TMY India

» Solar Study Areas

> StateflLocal Borders
3000 km
Southern 2000 mi

GO gle Ocean
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PSM V3 &m resolution for Western Hemisphere,

SUNY 18m for Asia

Area around Denver, USA Area around Kathmandu, Nepal

e

;;;
SLISVY

Langtang o
National'Park ; ”z'”fMH‘
ATEATE |
‘:4',,,’.
Sumba )
)
S Kadari
‘E e
S
Gathl
id)
FO31 |
Kathmandu ___ .
ekl o\ A Bhimesh
<2 r'u'.u‘_n:-jlp-:
4402 | DU:? it
| HO2 |

Both are 400 pixel screenshots of the NSRDB map at the same 20 km scale to
show the relative geographic resolution of the data.
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You can download weather files in the SAM CSV format from

the NSRDB Datdewer https://nsrdb.nrel.gov/nsrdiwiewer

Select and Query Data Download Data

NSRDE Data Download (Point) .
Download resource data from the National

Solar Radiation Database by point. This tool will
return data for the station closest to the point
drawr.

NSRDE Data Download (Box) ]
Download resource data from the National

Solar Radiation Database by box. This tool will
return data for all stations falling within the drawn
region.

NATIONAL RENEWABLE ENE

NSRDB Data Viewer

Spectral TMY  Spectral TMY India

International Data

The Mational Solar Radiation Database
(NSRDE) is a serially complete
collection of hourly and half-hourly
values of meteorological data and the
three most common measurements of
solar radiation: global horizontal, direct
normal, and diffuse horizontal
irradiance. These data have been
collected at a sufficient mumber of
locations and temporal and spatial
scales to accurately represent regional
solar radiation climates.

Supported by the U.5. Department of
Energy’s SunShot Initiative, the NSRDE
is a widely used and relied-upon

raznurea Tha Aarahacs i=s manansd and

% Documentation

Dr. Manajit Sengupta
Mational Renewable Energy Lab
Contact

Data Download Wizard

v

PSMv2 PSMv3 SUNY : MT52 Spectral On-demand

Select Years  selectal  Clearall

[ 2000 [ 2001 [ 2002 [] 2003 [ 2004 [ 2005
O 2006 O 2007 [ 2008 [ zo09 O 2010 O 2011

[ 2012 [ 2013 [ 2014 [ Ty

Select Attributes  SelecAll  ClearAll

The minimum required attributes for the SAM PV and C5P models have been selected by default

[ DHI [ DML [ GHI ~

[ Dew Paint [ Temperature [ Pressure

Select Download Options  SelectAll  ClearAll

[ Include Leap Day [~] Convert UTC to Local Time

Download Limit Indicator |

LABORATORY
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Or, better yet, download it directly from SAM!

- Download Weather Files

Download the latest weather files from the NSRDE to add to your solar resource library: Download a typical-year [TMY] file for most long-term cash flow analyses
or choose files to download for single-year or P50/PS0 analyses. See Help for details.

(® One location () Multiple locations

15013 Denver W Plowry, Golden, CO 20401 Default TMY file

w Download and add to library...
Goto SAM website Weather Page for information about WSEDB and PYGIS, and for links to other sources of solar resource data

Hourly Daily Monthly Heat map Profile Statistics PDF/ CDF Duration curve  Scatter

1200 Q, Search
1100

© 15013_denver_w_pkwy_golden_co_80401_39.740726_-105.168615_psmv3_60_tmy.cq
[0 | Global irradiance - GHI (W/m2)
EjBeam irradiance - DNI (W/m2)

W]  Diffuse irradiance - DHI (W/m2)

[0 | Plane of array irradiance -POA (W/m2)

1000

900
800
700

mWind speed (m/s)
T O Wind direction (deg)
600
% 0 bub temp (O

OO Wet bulb temp (C)
OO Dew point temp (C)
0| Relative humidity (35)

400
300
2
1

1 | Pressure (millibar)
O/ | Snow depth (cm)
O/ | Albede (fraction)

00
00

0

35
30

=]

o =1

L

_5__________....
{s/) paads puigy

Dy bulb temp (C)

e
[

P

h MH i Im'uuh’iu Iillii I |” I

Jan Feb Mar Ap Jul Oct Nowv Dec
KA
£ >
Qs
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Overview of Ne
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A Get the latest NSRDB PSM V3 (and SUNY South As
data

A Download typical meteorological year (TMY) or
singleyear files

A Download multiple files for P50/P90 analysis

A Get legacy NSRDRta: MTS1 (1961990 TMY2),
MTS2/3 (19992005/19912010 TMY}B
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For the future, we are considering

A Download PVGIS data for locations outside of the
NSRDB areas

A Automatically run P50/P90 simulations
A Use 30minute data bydefault
A Letusknow of other featuresyouwouldf A { S X
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Before a demonstration, some vocabulary

A Weather file

A Weather file folder

A Solar resource library

A Default weather file collection
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Aweather fileis a text file that contains weather data for one "

A Can be in SAM CSV,
EPW, TMY2 or TMY3

o SAM CSV is the easiest
to work with

A Hourly orsubhourly
data

A Singleyear or typical
year data

A May contain different
data, depending on the
model

o Atmospheric pressure

required for CSP, but
not for PV
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