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SAM Webinar Schedule for 2015

System Advisor Model

e Introduction to New SAM! e Scripting in SAM with LK
o Nov 20, 2014: Janine Freeman o Mar 19, 2015: Aron Dobos
e Sizing Photovoltaic Systems in SAM *  Modeling Wind Systems in SAM
o Dec 18, 2014: Janine Freeman o Apr 16, 2015: Janine Freeman
* Parametric and Statistical Analysisin | * SAM'’s Residential Third Party Financial
SAM Model
o Jan 22, 2015: Paul Gilman o Aug 20, 2015: Nate Blair
* Modeling Power Towers in SAM e Battery Storage for PV Systems in SAM
o Feb 19, 2015: Mike Wagner o Sep 17,2015: Aron Dobos
Details

* All sessions last one hour and begin at 1 p.m. Mountain Time

*  You must register to participate

* Registration is free, but space is limited

 More details and registration information on Learning page of SAM website

https://sam.nrel.gov/content/resources-learning-sam
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Status of SAM update * -

* We’re putting finishing touches on an update
to SAM:
o Improved financial metrics for PPA models
o Updated CEC PV inverter and module libraries

o New macros for “combine cases” feature and
scaling commercial electric load to monthly bill

o Fix issues with data viewer and PDF reports
o Improve listing of output variables

o Many bug fixes and minor improvements
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Webinar Outline s

System Advisor Model

e Overview
e Demonstrations

o Using cases for parametric and comparison
studies

o Parametric simulations
o Stochastic simulations
o P50/P90 analysis

o LK script

This webinar describes the techniques for using these features in SAM rather

than the theory of their implementation or application.
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Baseline or “base case” simulation

System Advisor Model

Run a simulation for a single scenario: One set of inputs and results.

and statistical files\base case.sam
@) Onew untitl
Photovoltaic, Single owner . . . . - - ——
, Summary Losses Graphs Data Cashflow Time series Daily Profiles Statistics Heat map
Location and Resource -
-
Monthly Array and System Producticn M
Module
Annual energy 37,211,888 kWh T T I I I I I ] T T I I
Inverter Capacity facter 2% 350008 1
First year kWhAC/KWDC 1,861
System Design Performance ratio 0.82
PPA price (Yearl) 9.64 ¢/kWh e008 1
Shadlng PPA price escalation 1.00 %
Levelized revenue (nominal) 1038 ¢/kWh 23=-005 1
Losses Levelized cost (nominal) 9.97 ¢/kWh
Met present value §1,422602 = eoesl 1 £
System Costs Internal rate of return (IRR) 11.00 % =
Year IRR is achieved 20 year
Degradation IRR at end of analysis period 11,00 % Lizeomsp ]
Initial cost $41,060,172
Financial Parameters Initial cost less cash incentives 541,060,172 le=005 - b
Equity $20,088,788
Time of Delivery Factors Debt 520,971,386 sooomal ]
Debt fraction 51.07 %
Incentives =
o ? Jn  Feo  Mar Apr My  Jun Al Aug Sep Oct Mov Dec
et dc ener: et ac ener;
Depreciation W Nt dcenergy N ay
Energy Loss [l POA chading loss

Results for a 20 MW PV e s

. . DC mismatch loss

System Wlth no Shad Ing | | [l D€ dicdes and connections loss
DC wiring loss

[ DC tracking loss

W OC nameplate loss

W ACinverter dipping loss

F B ACinverter power consumption loss

W ACinverter night tare loss

W AC inverter effidency less

P
Simulate > I_‘_ WA e o

B AC step-up transformer loss

. - i 1 AC performance adjustment loss
Parametrics Stochastic WACps i
|

P50 / PSO Macros i
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Baseline or “base case” simulation

System Advisor Model

You can change values of inputs by hand, run a single simulation, and compare results.

@ @New untitl

Photovoltaic, Single owner

Location and Resource
Maodule

Inverter

System Design
Shading

Losses

System Costs
Degradation

Financial Parameters
Time of Delivery Factors
Incentives

Depreciation

Results for a 20 MW PV

system with self shading

Simulate >

FN

Parametrics Stochastic

P50 / PSO Macros

SAM 20151.21: FASAM Webinars\2015 Webinars\parametric and statistical files\base case.sam

(= (==
Summary Losses Graphs Data  Cashflow Time series Daily  Profiles  Stafistics  Heat map
-
Monthly Array and System Producticn M
Annual energy 36,988,912 kWh T T I I I I I ] T T I I
Capacity factor 1% R & 1
First year kWhAC/KWDC 1,850
Performance ratio 0.82
PPA price (Yearl) 9.69 ¢/kWh e008 1
PPA price escalation 1.00 %
Levelized revenue (nominal)  10.44 ¢/kWh 23=-005 q
Levelized cost (nominal) 10.03 ¢/kWh
Met present value §1,422602 = eoesl 1 £
Internal rate of return (IRR) 11.00 % =
Year IRR is achieved 20 year
IRR at end of analysis period 1100 % Liseooer )
Initial cost $41,060,172
Initial cost less cash incentives 541,060,172 12+006 - 1
Equity $20,088,788
Debt 520,971,386 tooomol 1
Debt fraction 51.07 %
o
Jin  Feb  Mar  Apr My  Jun Rl Aug  Sep Ot MNew  Dec
W Met dcenergy [l Net ac energy
Energy Loss [l PCA shading loss
[l PCA sciing loss
i DC module medeled loss
DC mismatch loss
[l DC diodes and connections loss
i DC wiring loss
[ DC tracking loss
1 MCCnameplate loss
W ACinverter dipping loss
1 ACinverter power consumption loss
W ACinverter night tare loss
{ W ACinverter sfidency loss
Wl AC viring loss
| EMAC step-up transformer loss
I B AC performance adjustment loss
|
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Baseline or “base case” simulation

System Advisor Model

Or, you can create multiple cases to compare different scenarios in a single
project file.

EA saM 20151.21: FASAM Webinars\2015

®) @new noshading v

Photovoltaic, Single owner

rShading Losses

Location and Resource
Use the shade calculator to draw a 3D representation of the photovoltaic system and nearby objects.

Module Open 3D shade calculator... The calculator generates a diurnal table of shading losses and automatically populates the shading
factors table for each subarray in the system. (For systems with more than one subarray, use the
group name in the shade calculator to identify subarrays.) See help for details.

Inverter

System Design

. Subarray 1 Subarray 2 Subarray 3 Subarray 4
Shading ~External Shading
e Edit shading losses | Editshading.. | [ Edit shading... | [ Edit shading... | [ Edit shading...
-Self Shading

System Costs )
y Shading mode | Self-Shaded = Mone Mone Mone
Degradation Module erientation Portrait Portrait Portrait

Financial Parameters Modules in subarray (from System Design page) 65,520 0 0 1]

) . GCR (from System Design page) 0.3 0.3 03 03
Time of Delivery Factors

Mumber of modules along side of row 10 2 2 2

Incentives Mumber of modules along bottom of row 819 16 16 16

iati GCR = length of side = row spacing modules (portrait)
Depreciation module width = m odule area = 1.7 ﬁ
Maodule area (from Module page) 16310 m* numb:rofmodul'
along side
‘ row spacing

num ber of modules along bottom

Simulate > I_‘_

Parametrics Stochastic

P50 / PSO Macros
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System Advisor Model

Simulation Options smube>  |@

Parametrics Stochastic

P50 / PS0O Macros

* Parametrics: Use a table to assigh multiple
values to input variables

e Stochastic: Assign a statistical distribution to
input variables — SAM calculates a range of
input values with results and generates a table
of statistical measures

* P50/P90: Run simulations with a set of single-
yvear weather files to calculate probability of
exceeding different metrics
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LK Script

vA ¢
-q.-
FTA

System Advisor Model

 SAM'’s built-in scripting
language (analogous to
Visual Basic in Microsoft
applications)

 Most flexible way to
control and run
simulations, but requires
basic knowledge of
computer programming

 |ncludes LHS functions for
stochastic analysis

e Different from Software
Development Kit, which
allows you to control SAM
from applications you
write in C or other
languages

Start button

ﬂ (OL

New project

untitled v

New script s
Open project

Open script

Depreciation

48 str_line = "";
49 line = 8;
58 out("Conve

52

Ctrl-N 30/P20 analysis

rting file,
51 while ( read_line({ fin, str_line

Run >

t_file + " for wr

e stored in:Wn™ + ou

please wait...™);

53 if ( line ==B){

54 h ders = "Sgurce,lLocation ID C'ty,StateJCOUHtry,LatitudeJLon
55 ok = write_lin (f t , to_string(headers) );

56 if ok = false e ) {

57 tl n({ "Failed to write column headers to file. Exiting scr
58 exit;

59 3

60 ari split( str_line, ","

61 comnet = plt( [?],‘f )

62 ce = comments[3];

63 hl[B] = source; // source

64 hi[1] = arr[@]; // Location

65 hi[2] = arr[1]; // city

AR r21- /7 n |

hi1l31 = arr
n

Variables Functions Help Close

ipt.”

rt SolarAnywhere to SAM CSV.1k

could be open

iting. It could be open

tput_file + "\n");

gitude,Time Zone,Elevation™;

)i

in Excel. Exiting script.

in Excel. Exiting script

For more on LK, sign up for the webinar on scripting in SAM with LK (March 19, 2015)
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Compare cases

System Advisor Model

Use the inputs browser to see a list of all input variables in a case, or, for projects with more
than one case, to quickly find variables with different values.

Ed tnputs Browser [= /5]
Variable Label no shading self shading
Sta rt b Utto n subarrayl_shade_mode Self-Shading Mode MNone Self-Shaded

SAM 2014 .11.24: FASAM Webinars\2015 Webinars\parametric and stat

aweather file from tl

name in the list to cho

losding a e fsec below In this example, the project file has
two photovoltaic cases that are

Open project b for:

Open script
E

Save SR 5 sttt (wos) (M identical except for the value of the

Save as AR Texarkana Webb Fig

AR Walnut Ridge (awos| Self—Shading input.

Save with hourly results A7 Casa Granda (awos)
A7 Davis Menthan Afb
AT Deer Valley Phoenix
Close A7 Douglas Bisbee-dou
A7 Flagstaff (TMY2)

oA A7 Flagstaff Pulliam Ar

USA AZ Grand Canven MNatl ]

Inputs browser...

Quit
Degradation

Pl | Tl | »
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Parametrics s

System Advisor Model

Simulate > I_‘_

1.Create 3 table Of input F’ar‘arnetriu::sh Stochastic
. . P50 / P90 Macros
variables with more
than one value € Orer untited v

PVWatts, Single owner

Ed sam 2015121

Quick setup.. Inputs.. OQutputs.. Run simulations »

Number of runs:

2 C h Location and Resource DC to AC ratio | Annual energy (kWh) | First year kiWh/kW
° O O S e O u t p u t S System Design 1 1 3.51329+007 175664
2 11 3.51513e+007 175756
System Costs 3 12 3.51501e+007 175795
o 4 13 3.51134e+007 175567
3.Run parametric s e s
° 6 1.5 3.42327e+007 171164
Financial Parameters 7 1.6 3.33674e+007 1668 37

I Annusl energy - run 1

Si m u I at i O n S Time of Delivery Factors T . . . . . ;
Incentives 3Ses007[ 1 M Annualenergy:run2
Annual energy : run 3
4.SAM populates table . | | | gz
N E : s

1 M Azl energy - run 7

and graphs with results

Annual energy (KA (AR

Run number
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P50/P90

System Advisor Model

Simulate >

1.Put a set of single year Stochastic
weather files for the 0/P90 ) Macos
location in a folder on
your computer

o F:\SAM P50 PSO -

P50 P90 Min | Max StdDev  P50-norm | P90-norm
Daily average solar irradiance (kWh/m2/day} 653636 6.10050 587185 673396 0.1967 6.50206 6.24989
Annual AC system output (kWh}| 3.498992+007 332423e-007 3.17921+007| 3635782007 103820¢+006 3.48735-007| 3.35424e+007
Annual energy (kWh)| 3.498992+007 332423e+007  3.17921+007 | 363578e+007 103529¢+006 3.48735e+007| 3.35424e+007
2 S e I e Ct t h e fo I d e r Capacity factor (%) 199714 18.9739 181462 07522 0592631 19.905 19.1452
. First year KWh/kW 17495 166211 1580.6 1817.89 51.9144 174367 167742
First year energy from the system in TOD period 1| 349899e+007 3.32423e+007| 317921e+007| 3.63578e+007 | 1.03820¢+006 3.48735¢-007 3.35424e+007
First year energy price for TOD period 1 000109325 000105025 00010523 000120342 330575e-005 000109806  0.00105453

M PPA price in first year (cents/kWh) 10,9325 10.5925 10,523 120342 0.339575 10.9806 105453
(] u n a n a yS I S Levelized cost (real) (cents/kWh) 881392 8.53981 8.48373 9.70209 0.273768 8.85269 8.50172

Run P50y

Levelized cost inal) (cents/kWh) 11.1435 10.7969 10726 12.2664 0.346128 111925 10.7488
Levelized revenue (real) (cents/kWh) 9.42246 912943 9.06948 10372 0.282671 9.46391 9.08871
Levelized revenue (nominal) (cents/kWh) 11.9129 11.5424 11 4666 131133 0.370026 11.9653 11.4909

4 S A M O u | ate S ta b I e PPA price (Year 1) (cents/kWh) 10,9325 10,5025 10523 120342 0339575 10.0806 10,5453
. Present value annual energy (nominal) (KWh)| 3.54543¢+008 336835¢+008 | 3.2714+008 3.68403¢+008 | 105207e+007 3.53363¢-008 3.39875¢-008
Present value of annual energy (real) (kKWh)| 448251e+008 4.25363¢-008 | 4.07284e+008| 465775e+008| 1330142007 44676e+008 | 4.20707e-008

with results

Tip: Single year historical data from the National Solar Radiation Database for
U.S. locations is avialable on the SAM Website: https://sam.nrel.gov/NSRDB
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Stochastic

System Advisor Model

Simulate > I_‘_

1Add input va riab|es and Parametrics Stu::u::hastiu::h
define statistical L Macros
distribution

2 Ad d a ny CO r re | a te d Run simulations > Number of samples: Seed value (0 for random): m CDI'anltEr Samples
L]

Configure
Va ri a b I eS Input variables: [ Add... ] l Edit... ] [ Remove ] Correlations: l Add... I [ Edit... ] l Remaove ] Outputs:
Inverter Cost ( Nermal [0.12,0.25] ) Met present value (after-tax)
PPA price (Year1)
3.Compute samples
4.Run stochastic simulations
Net present value (after-tax) | PPA price (Year 1) it | Net present value (after-tax) PPA price (Year 1)
H % (cents/kWh) ($) (cents/kWh)
5.SAM populates table with s e e o o
. . Z 2.0003e+006 873594 Delta R*2: Module Cost ($/Wdc or $/Unit) 0452 0452
|t d t t t | 3 |3.396182+006 12,8552 = |Delta R"2: Fixed I cost escalation (%/yr) |0 0
re S u S a n S a I S I Ca ISJOS?S&UUG 13.7688 Beta: Imrert:r Co::r[.::;ac o::cfijni:;n . 0.7051 0.7051
M 5 |260524e+006 10,5211 Beta: Module Cost ($/Wdc or $/Unit) 06721 06721
m et r I C S T 2.79434e+006 11.0791 Beta: Fixed annual cost escalation (%/yr) 0 0
|7 |3.22246e+006 123435
z 233041e+008 971009
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LK: Tornado Chart Macro

System Advisor Model

Simulate > I_‘_

1_Choose input Va riables Parametrics Stochastic

P50 / P90 Macros .
2.Choose an output Choose the macro name

m et rI C | Combine Cases Run macro »

Create a Tornado Chart Inverter Cost (§/Wac or §

Create a Tornado Chart Module Cost (3/Wdc or !

3 C h a n e t h e 0/ . . . Tomnado charts can be a helpful way to visualize sensitivities of a Input variables
° g 0 Sltmg Considerations model to various inputs. Creating a tornade chart involves running (mEraaiEE
several simulations in which a set of input vaniables are
Weather File Checker decreased and increased independently to see how much a

a dj U St m e nt ( if d eSi re d ) Weather File Conve : e i e stout metric r:m ric:rwﬂrl) (cen:;kah. E
4.Click Run Macro

fo adjustment: 10

Module Cost (§/Wdc or §/Unit) |
05 (+/-10%)

You can write your own
scripts — click View Code to

Tnwerter Cost (§/Wac or §/Urit) |
03 (+/-10%)

see how this one was N
written, or to modify it.

W) W+
Running base case simulation... -
Considering variable: Inverter Cost..,

Inverter Cost=0.27, PPA price (Year 1) (cents/k\Wh)=10.6263

Inverter Cost=0.33, PPA price (Year 1) (cents/k\Wh)=10.8842
Considering variable: Medule Cost...

Medule Cost=0.45, PPA price (Year 1) (cents/kWh)=10.5404

Madule Cost=0.55, PPA price (Year 1) (cents/kWh)=10.9701
Tornado chart macro finished successfully.
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