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Solar Advisor Model Disclaimer

© 2008 National Renewable Energy Laboratory

The Solar Advisor Model is provided by the National Renewable Energy Laboratory ("NREL"), which is operated by
the Midwest Research Institute ("MRI") for the Department Of Energy ("DOE").

Access to and use of the Solar Advisor Model shall impose the following obligations on the user. The user is granted
the right, without any fee or cost, to use the Solar Advisor Model for any purpose whatsoever, except commercial
purposes or sales, but not to modify, alter, enhance or distribute. Further, the user agrees to credit DOE/NREL/MRI
in any publications that result from the use of the Solar Advisor Model. The names DOE/NREL/MRI, however, may
not be used in any advertising or publicity to endorse or promote any products or commercial entity unless specific
written permission is obtained from DOE/NREL/MRI. The user also understands that DOE/NREL/MRI is not obligated
to provide the user with any support, consulting, training or assistance of any kind whatsoever with regard to the use
of the Solar Advisor Model or to provide the user with any updates, bug-fixes, revisions or new versions.

The Solar Advisor Model is provided by DOE/NREL/MRI "as is" and any express or implied warranties, including but
not limited to, the implied warranties of merchantability and fitness for a particular purpose are hereby disclaimed. In
no event shall DOE/NREL/MRI be liable for any special, indirect or consequential damages or any damages
whatsoever, including but not limited to claims associated with the loss of data or profits, which may result from an
action in contract, negligence or other tortious claim that arises out of or in connection with the access, use or
performance of the Solar Advisor Model.

Microsoft and Excel are registered trademarks of the Microsoft Corporation.

While every precaution has been taken in the preparation of this document, the publisher and the author assume no
responsibility for errors or omissions, or for damages resulting from the use of information contained in this document
or from the use of programs and source code that may accompany it. In no event shall the publisher and the author
be liable for any loss of profit or any other commercial damage caused or alleged to have been caused directly or
indirectly by this document.
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6 Solar Advisor Model User Guide
1 Before you Begin
1.1 About the Solar Advisor Model

The Solar Advisor Model provides a consistent framework for analyzing and comparing
power system costs and performance across the range of solar technologies and markets,
from photovoltaic systems for residential and commercial markets to concentrating solar
power and large photovoltaic systems for utility markets.

Installation requirements:

¢ The installation file: SAM_install.exe.
e A computer running Windows Vista, XP or 2000 with at least 500 MB of free disk space.
¢ Microsoft® Excel if you plan to use the spreadsheet linking feature.

Solar Advisor combines an hourly simulation model with performance, cost, and finance
models to calculate energy output, energy costs, and cash flows. The software can also
account for the effect of incentives on cash flows. Solar Advisor includes both built-in cost
and performance models, and a spreadsheet interface for exchanging data with external
models developed in Microsoft Excel. Most of Solar Advisor's inputs can be used as
parametric variables for sensitivity studies to investigate impacts of variations in
performance, cost, and financial parameters on model results.

This manual describes the current version of the software, which can model photovoltaic and
concentrating solar power technologies for electric applications for several markets. The
current version of the Solar Advisor Model does not model solar heating and lighting
technologies. The current version number is displayed in the software under Help, About.

Table 1. Current status of Photovoltaic modeling in the Solar Advisor Model

Balance of
Technology Module Inverter Storage System
Single-point Single-point e Under e Under
efficiency efficiency development development
Sandia PV Sandia
_ Array Performance
Flr?cttgl\flctletaic Performance Model for Grid-
P Model Connected PV
CEC Inverters
Performance
Model
Single-point Single-point e Under e Under
Concen- efficiency efficiency development development
trating performance
?éllg)\t/(;voltalc Model for Grid-
Connected PV
Inverters
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Table 2. Current status of Concentrating Solar Power modeling in the Solar Advisor

1.2

Model
Tech- Collector and Power
nology Solar Field Receiver Block Storage Parasitics
e Layout as o Library of e Library of e Thermocline |e Library of
C multiple of collector power cycle |e Two-tank parameter
oncen- . .
trating design point | types types Storage sets fg(
Solar or specified |e Library of parasitic
area receiver losses
Power .
(CSP) e List of heat types and
transfer fluid | condition
options

The single-point efficiency models are simple representations of system components based
on a size value in rated watts or kilowatts and an efficiency value. The PV single-point
efficiency model also includes a simple representation of module temperature effects. The
commercial models represent particular commercially available inverters and PV modules
using a set of parameters based on field measurements. System components that are in
development are not available in the current version of Solar Advisor.

The Department of Energy's Solar Energy Technologies Program (SETP) initially developed
Solar Advisor for analysis to support the implementation of the SETP Systems Driven
Approach. The model also has applications for the solar industry for planning research and
development programs, and developing project cost and performance estimates. Solar
Advisor is being used as part of the Solar America Initiative application and monitoring
process.

Solar Advisor models system performance using the TRNSYS software developed at the
University of Wisconsin combined with customized components. TRNSYS is a validated,
time-series simulation program that can simulate the performance of photovoltaic,
concentrating solar power, water heating systems, and other renewable energy systems
using hourly resource data. TRNSYS is integrated into Solar Advisor so there is no need to
install TRNSYS software or be familiar with its use to run Solar Advisor.

About this guide

This user guide describes the current version of the U.S. Department of Energy’'s Solar
Advisor Model software. The guide introduces new users to the software and describes basic
tasks required to review complete analyses or to perform a new analysis.

e The Getting Started and User Interface Overview chapters explain how to install Solar
Advisor and introduce you to the software.

e The Results and Exporting Data and Graphs chapters explain the various ways you can
look at the model's results.

e The Input Pages chapter explains the user interface, page by page, for both photovoltaic
and concentrating solar power systems.

e The Parametric Variables chapter and External Workbook chapters explain advanced
features of Solar Advisor that allow you to perform sensitivity analyses and connect the
model's inputs to an external spreadsheet.

e The Appendix describes the levelized cost of energy calculation methodology, cash flow
calculations, and equations used to calculate the intermediate variables displayed with
blue backgrounds throughout the user interface.

e The References section is a list of publications and web sites that you can refer to for more
information about the technologies Solar Advisor can model, and about the financial and

Solar Advisor Model 2.0
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1.3

economic aspects of solar system design.

Note. The images of the Solar Advisor user interface in this guide may have been
prepared using different files than the ones you are reviewing. Some of the images may

not exactly match what you see on your screen.

Contacting user support

If you have any questions about Solar Advisor orthis guide , please send an email to
Solar Advisor Support@nrel.gov.
You can also find more information about the model on the Solar Advisor website.
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Installing and starting the software 9

2.1

2.2

Getting Started

Installing and starting the software

The following procedure describes how to install the software, open a sample file, and create
a second copy of the file for reviewing inputs.

Solar Advisor comes with a set of four sample files:

e Standard PV Systems.sam
e Standard CSP Systems.sam
e Parametrics Example.sam

e Workbook Example.sam

The sample files are located in the Samples folder. There is a backup copy of each sample
file in the Backup folder. Both the Samples and Backup folders are located in the same folder
as the Solar Advisor program files, which is C:\SAM unless you specify a different folder in
the installation process.

Note. Solar Advisor must be installed on a local drive. The software will not work properly
if it is installed on a network drive or if any of the files it uses are on a network drive.

To install Solar Advisor and start the software:

1. Download or copy the installation file, SAM _install.exe, to a convenient folder on your
computer. You can download the file at http://www.nrel.gov/analysis/sam.

2. Run the installation file and follow the installation wizard instructions.

3. On the Windows taskbar, click the Start button.

4. Click All Programs, and click 3 san to start the software.

There are several ways to start the software. For example, depending on your
Windows setup, you can click the shortcut on your desktop, or the command in the
Start menu.

5. When you start Solar Advisor for the first time, the software prompts you to select a
sample file. Each time you start the software, you must open an existing file.
To uninstall Solar Advisor:

e Run the Windows Add/Remove Program tool and delete the Solar Advisor folder,
which is C:\SAM by default.

What to do if you encounter a bug

Solar Advisor is under development and may occasionally fail. If you encounter a bug while
using the software, Solar Advisor displays an error message giving you several options.

Solar Advisor Model 2.0
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@ An error aoourred in e applcation., W continue scrlcation
¥  restart applcation
B send bug report L, sheow bug report %  closme spplcation
It is unlikely that you will encounter a bug as you work through this guide, but if you do, in the
error message window, click continue application. If the message persists, click restart
application to restart the software. If you cannot restart the software, contact User Support.
Tip. If you encounter a bug during your work, in the error message window, click send
bug report. The Solar Advisor support team will receive a copy of the bug report and
contact you to help resolve the problem. You can also contact the Solar Advisor support
team directly by sending an email to Solar_Advisor_Support@nrel.gov.
2.3 Reviewing an existing analysis
Solar Advisor allows you to review an existing analysis performed by someone else, or to
create a new analysis.
Summary of steps to review an existing analysis:
1. Open the file containing the analysis.
2. Save a copy of the file to review.
3. Review graphs and tables on the Results Summary page.
4. Review input variables of interest in the input pages.
When you review an existing analysis, you can start by looking at the graphs and tables on
the Results page, and then look at the assumptions on the input pages. The input pages
contain variables and options that define the parameters of the analysis. The pages are
grouped into three categories: Program, Environment, and System. The Program inputs
define the power system type and market in which the project will operate. The Environment
inputs describe the project's location, utility rates, incentives, and financing. The System
inputs describe the physical characteristics of the power system.
Note. If you change the value of any input variable, the Run Analysis button appears in
the navigation menu and you can no longer view the results of the previous model run. If
that happens, close the file you are reviewing, and open the original file to restore the
original results. The current version of Solar Advisor does not have an undo function.
2.4 Creating a new analysis

You must always start an analysis with an existing file, which can either be one of the sample
files packaged with the software or a file prepared in an earlier analysis. Solar Advisor does
not allow you to start with a new or empty file. This approach makes it possible to start with a
quick first cut of an analysis using default input values to get preliminary results, and then to
refine the analysis by revising input variables as you develop a better understanding of the
importance of different variables.
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Summary of steps to create a new analysis:
1. Open an existing file, either a sample file or one from a previous analysis.
2. Review the input pages and modify any variables as appropriate.

3. Run the model and view results. In this step, you may need to create custom graphs
to display your results in a meaningful way.

4. Refine inputs and repeat Steps 1-3 until the results are satisfactory.

Tip. If Solar Advisor takes more than a few seconds to display a case or graph, you can
speed things up by changing the startup mode setting. To change the setting, click
Settings on the File menu, and on the General tab of the Settings window, select Slow
startup (fast viewing of graphs and cases).

Some advanced analyses may require sensitivity studies. For sensitivity studies, you can
define one or more parametric variables or create separate cases. See Sensitivity analysis:
Working with parametric variables for a description of how to set up parametric variables or
use cases for a sensitivity analysis.

Other advanced analyses may require more detailed inputs than Solar Advisor provides, or
the use of output from external spreadsheet models as input to Solar Advisor. For these
analyses, you can link Solar Advisor to one or more external spreadsheets. Solar Advisor
can use values from named ranges in Excel workbooks as input variables. Working with
external workbooks and UDVs describes how to use Solar Advisor's linked spreadsheet and
optional user defined variables to add detail to your analysis.

Advanced analysis options:
¢ Define parametric variables for sensitivity studies.

¢ Link to external spreadsheets for detailed analysis.

2.5 Working with files and cases

A Solar Advisor file contains one or more cases. A case is a complete set of input data and
results that represents the cost and performance of a single system design using a particular
technology in a given market. Solar Advisor displays different cases on tabs in the same way
that spreadsheets are displayed in an Excel workbook. By creating more than one case in a
file, you can easily compare the assumptions and results of different analysis scenarios. For
example, you could use cases to compare the cost and performance of a residential
photovoltaic system in several locations by defining a separate case for each location.

There are three commands that you can use to manage cases:

e Duplicate: Creates a copy of the active case, with a duplicate set of input parameters and
results.

¢ Delete: Deletes the active case.
e Rename: Allows you to edit the name that appears on the case tab.

To view the case commands:

e Click the Case menu, or

Solar Advisor Model 2.0
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Right-click a case tab.

fEs SENIHWSORC W=~ "= FE=MEREEE 2080 [Fie View | Case Help

Duplicate
et Diokets 100 MW Duplicate F'-'I]
— Delete
Aesuls
I } Equ Rename Rename
Thea! Define parametics Flesult Define parametrics |
|

Advamced ¥ Advanced E

| Solar Pow Frogrran _

Solar Advisor file formats
Solar Advisor saves files in three formats: SAM, ZIP, and SCIF:

e SAM is the standard format and saves all input variables, results, weather data for each
case in the file. Typical SAM files sizes range from 5 to 10 MB.

e ZIP is a compressed archive that contains the SAM file and any workbooks linked to the
file. ZIP files range in size from 500 KB to 1.5 MB.

e SCIF is a compressed archive that contains only input variables for one or more cases.
SCIF files range in size from tens to hundreds of kilobytes.

Solar Advisor can open files in two formats: SAM and SCIF. To open a ZIP file, use a file
compression utility program.

You can import one or more cases from a SCIF file into an open SAM file by using the Import
Case(s) command on the File menu.
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3 User Interface Overview

The Solar Advisor user interface organizes model input variables into pages of related
variables. The navigation menu along the left side of the main window provides access to the

input pages, using buttons which are presented from top to bottom in the following order:

e The Program input pages define the technology and market.

e Environment input pages contain variables that are independent of the system technology
and describe the solar resource, as well as economic and financial parameters and

incentives.

e Variables on the System pages describe the technology, equipment used in the system

and their costs.

The buttons at the bottom of the navigation menu run the model and display results.

3.1 Main window

The main window consists of a navigation menu and data page. Navigation buttons in the
navigation menu select the data page to display. Data pages display results and input data.
Tabs along the top of the window provide access to each case in the file. The menu bar

provides access to command menus.

[[7 casamsamplesiStandard PV Systems.sam =] B
Residersial Flat Plshs Syitem ﬂ Uty Flat Plole System - IPP Uty Flol Flote System - 10U © Uity Conceriraling Systesm
Progream . = = 5 = —
S There is a tab for each cage in the project. The active casze,

Techeclogy  [Photovoliscs here Commercial Flat Plate System, is highlighted in green.

[Commessid ﬂ T A

Elecricity Infation Rabe 250 % Loan (D ebi) Fraction S0 %
e & Fieal Dot Asis 550 % Tesm 15 yame
i~ - Rat B00 Xipesr
Chrate Iﬁ\ZPhouemlm? j T Y Bosa =
Uty Fiotes  [Flat Rata 2| FodealTax [ B0 Xipess Woightod Avorage Cast.of Capital
Frscids  [Commescal - L . -
d : = Mavigation buttons determine i
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Beemy [Eye=151 oW k=141 ﬂ
[BP Scles BP21505 (-5 ﬂ
[Frorius IG2500V 2080 ﬂ
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" Ho Deprecistion
& MACRS MicHuarter Cormventon
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™ Sisight Line T e
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BOS [Undes Diveloprart ﬂ
Er
fasuiie
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Spreadshesat |
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external Excel workbook.
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input wariables and results.
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3.2

Text box background colors

The background color of text boxes provides information about the data in the box. On the
View menu, click View Input Type Legend to display a legend of background colors.

Cate

Configurstion | Passbobc Teough _)I
SolwField |BT1,30G0ENT] 3
SCA SHCE  |Solsigeni SG. Scho ﬂ

Tou
Sioage Dispatch Fraction [with Solal” q

File Ednt View
ﬁmmmm@mw. wBh TCTES 7 IMWORC
; b “Energy Storage (TES)
[ User-speciied  Inget variable; ncik the viskse in the b bood Hous of TES B hir Miarrem Erergy Sloiage | IT4EEN Mk
Pmetes Il veaia - dﬂ Desion Tuskine Themallngat 291 483 Mwt
o xmmu;;w &, brown field background j s v
[ CostuedFrem Voo sponied o £ iniCates that the wariable is s = Blue type indicates that the variable
| x:m | a parametric varable. Tank Heat Lostss N ix 2 copy of a value displayed on ane
Ifcaatad ol viricblos: cano: 0o ST Tieal Exchonges Doty | 7 or more other data pages.
n Refesnced .:.immmpmnﬂuw e TES Adj - Efficioncy” l_“"ﬁa’.ﬁ T —
Secondap bed material [Tusizie 5
[ Schedue: Al schedue of vahas based (Adustment - Gross Oulput® [T
o Analysiz Piod o Francial page. Themmaclne TenpDegadstion [ 50 C
Wisirniam Povrnt T Slotnge 2468 i
s Click Input Type Legend in the iew | fiomsings [TTE838 hw ! : ARRIRS
Loads [Orde| rew bo display a color key for Thenmocis Dutpeat A for TES® [ 0
background colors. ) — -
Syestem -_ﬂwwwf.hw—'wﬂk Blue field backarounds indicate that Solar Advisor

caloulated these values using ather input variables.
Calculated values can not be edited. See the Equations far
Calculated Walues chapter for information about these
warigbles.

Stosage Dispatch Fraction [without Solal]”

Fiowses Bk, [100Mwe, BETT ﬂ

(| g || | | 1
I

Tusbinw Quitpes Fraction® | 1 |

Storage Gl 588, G, 21, - Forsd FilFractor? | A
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Brown backgrounds in the nawvigation
Cottt TITATES | ey indicate the data pages that

contain parametric variables.
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Summary j Audd LDV
Spreadsheet |
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3.3

Table 3. Description of text box background colors.

Background Description of variable type
color
White User Specified: Data that you can edit by typing in the box.
Brown Parametric: The variable is a parametric variable and has more than one

value. The value in the box with the brown background is the base value of
the parametric variable. Right-click the box to view all values. See
Sensitivity analysis: Working with parametric variables.

Yellow CapturedFrom: The value is linked to a cell in a spreadsheet. Right-click
the box to access the spreadsheet. See Working with external workbooks
and UDVs.

Blue Calculated: Values that Solar Advisor calculates based on the values of

other input variables. For example, in the Module page, the Power box
appears with a blue background because Solar Advisor calculates the
module power using values for the module size and efficiency.

Blue type font |Referenced: This value from a different input page appears as part of the
text on the current page.

Green Schedule: A variable that has a different value for each year in the analysis
period. For example, seven-year inverter replacement costs could be
specified by defining the operation and maintenance Fixed (per year) cost
variable on a schedule, with an annual payment every seven years. See

Costs.

Run Analysis and results buttons

Note. If you are accustomed to using Version 1.3 of Solar Advisor: The buttons described
in this section replace the Results button that was at the top of the navigation menu in
previous versions of the software. This new approach makes it more obvious how to view
results in different formats.

The Results area of the navigation menu changes state depending on the status of input
variables. Whenever you change an input value, the results area displays the red Run
Analysis button, and you can no longer view results from the previous model run.

s gl

When you click the Run Analysis button, Solar Advisor calculates results, and the Results
area displays three buttons: Summary, Spreadsheet, and Time Series.

e

STy _}l

Spreadsheet |

Time Series Graphs |

For a description of the different results formats, see Results.
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4

4.1

Results

This chapter describes the Metrics table and graphs on the Results Summary page, project
and case summary spreadsheets, and the time series graphs displayed in the DView data
viewer.

To view results:
e Click the Summary button to view the Results Summary page.
e Click Spreadsheet to open an Excel workbook.

e Click Time Series Graphs to open DView.

firseniie

Summary _’I

Spreadshest

Time Series Graphs

When you change the value of any input variable, Solar Advisor disables the results buttons
and displays the red Run Analysis button, and you can no longer view the results of the
previous model run. The current version of Solar Advisor does not have an Undo function. If
you are reviewing an analysis and want to avoid accidentally modifying the file, save a copy
of the file before viewing the results. (Click Save As on the File menu to save a copy of a
file.)

Tip. If Solar Advisor takes more than a few seconds to display a case or graph, you can
speed up the display speed by changing the startup mode setting. To change the setting,
click Settings on the File menu, and on the General tab of the Settings window, select
Slow startup (fast viewing of graphs and cases). The change will take effect after you
restart the software.

Metrics table

The variables that appear in the Metrics table depend on the system being modeled. For
example, the table below on the left is for a residential system and displays fewer variables
than the table on the right, which is for a utility system with IPP financing. You can right-click
the Metrics table to copy its contents and paste it into a document. You can also view the
same data on the Metrics Table tab of the results spreadsheet.

Hlptet Ease Shdar Main: Eads bder
LC0% eslicivn) [EREETREET Eﬂzmmnn. 0w oo
LCOE [romzEwh] 1713 1713 LOOE [momiekwhi) ik | 503
T Acsted Uity Rate(csd 15 15 Actual IRAK] 495 4951
Het Present Valus{s] -134,355.25 18435555 Actusl Min DSCR 1.63 163
Simple Payback{peas] +3 »30 Frst Year PRE[cAMWH] oA 50
Ew'h /KW - Yea 1h) 1,565.31 15850 FPA Escalstion Ratef %] 0.00 000
Capuaciy Fachod ) 1787 1747 Dbt Fraction(%] E5.00 5800
Arras Dutpt - e 1[kwh 236831.31 23683131 Min Cash Flow($] 40LED 4060
a4 b < e 1) ZMmegs 20683
Capacity Facto] %] 0z 7302
Srwrwial Didpid - ese T[RwH 2001659000 8 2016500 £
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The Base column in the Metrics table displays results calculated from values of input
variables as they appear on the input pages. The Slider column displays results calculated
from the values of input variables shown on sliders: Moving a slider changes values in the
Slider column (and graph), but not in the Base column. See Adding and removing sliders for
more information about sliders.

Note. If the project or case includes parametric variables, the results in the Metrics table
are for the base values of the parametric analysis. (The word "Base" in the Metrics table
refers to the default slider values, not to the base value of a parametric analysis.) The
Metrics table does not display the results of parametric analyses. See Working with
Parametric Variables for information about parametric analyses.

The variables that appear in the Metrics table and on the Metrics Table tab in the results
spreadsheet depend on the type of financing defined on the Financials page. The variables
followed by an asterisk (*) in the table below are input variables from the Financials page that
are included in the Metrics table for reference.

Table 4. Variables that appear in the Metrics table for different financing types.
Type of Financing Variables in Metrics Table

Residential Cash
Residential Mortgage
Residential Loan

LCOE

Net Present Value (NPV)
Simple Payback

kWh / kW - Year 1
Capacity Factor

Annual Output - Year 1

Commercial Cash
Commercial Loan

LCOE

Tax Adjusted Utility Rate
Net Present Value
Simple Payback

kWh / kW - Year
Capacity Factor

Annual Output - Year 1

Utility IPP
Commercial Third Party
System Ownership

LCOE

Actual IRR

Actual Min DSCR

First Year PPA

PPA Escalation Rate*
Debt Fraction*

Min Cash Flow

kWh / KW - Year
Capacity Factor
Annual Output - Year 1

Utility IOU LCOE
kKWh / kW - Year 1
Capacity Factor
Annual Output - Year 1
LCOE

The levelized cost of energy for projects financed by cash, mortgage, or loan is the cost per
unit of energy, that, when multiplied by the total energy produced and discounted to a base
analysis year, is equivalent to the present value of the total life-cycle cost of the project.

For utility projects with independent power producer financing, or commercial projects with
third party ownership financing, the LCOE is the cost per unit of energy, that, when multiplied
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by the total energy produced over the project life and discounted to the base analysis year, is
equivalent to the present value of the project required revenues over the project life given a
set of financing constraints defined on the Financials page.

For a detailed description of LCOE, see Levelized Cost of Energy (LCOE).

Note. The LCOE for the systems in the sample files includes the effects of incentives. To
see what the LCOE would be with no incentives, set the sliders for all incentives to zero,
and read the LCOE value in the Slider column of the Metrics table.

Net Present Value (NPV)

The net present value is the present value of the after tax net equity cash flow discounted to
year one using the discount rate on the Financials page plus the after tax net equity cash
flow in year zero.

Simple Payback

The simple payback is the time in years starting in year one of the project that it takes for the
cumulative cash flow to switch from positive to negative.

The payback cash flows for each year are shown on the Cashflow tab of the results
spreadsheets:

Payback Cash Flow =
After Tax Cash Flow + Debt Interest Payment x (1 - Effective Tax Rate) + Debt
Repayment

The cumulative cash flow for each year is:

Cumulative Cash Flow =
Payback Cash Flow + Cumulative Cash Flow (of previous year)

kWh / kW - Year 1

The kilowatt-hour per kilowatt-year metric is the annual output in year one divided by the
system capacity. For photovoltaic systems, the system capacity is the Array Power on the
Array page. For concentrating solar power systems, the system capacity is the Rated
Turbine Net Capacity on the Power Block page.

Capacity Factor

The Capacity Factor is the first year annual output divided by the system capacity divided by
8,760 hours per year. The system capacity for photovoltaic systems is Array Power on the
Array page, and for concentrating solar power systems is the Rated Turbine Net Capacity on
the Power Block page.

Annual Output - Year 1

The annual output in year one is the number of kilowatt-hours or megawatt-hours produced
by the system in its first year of operation. Note that output in subsequent years may be
lower than the first year depending on the value of the degradation rate on the Array page for
photovoltaic systems and on the Power Block page for concentrating solar power systems.

Note. You can see system's annual output on the Output graph on the results summary
page, and on the cash flow tab in the results spreadsheet.

Tax Adjusted Utility Rate
The tax adjusted utility rate is the Utility Rate on the Utility Rates page less state and federal
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taxes:
TaxAdjustedUtilityRate = UtilityRate - (UtilityRate x EffectiveTaxRate).
The effective tax rate is a single rate that includes both the state tax rate and federal tax rate.

Actual IRR, Actual Min DSCR, and First Year PPA

For utility systems with IPP financing and commercial systems with third party ownership
financing, the internal rate of return (Actual IRR), minimum debt service coverage ratio
(Actual Min DSCR), and first year electricity sales price (First Year PPA) must meet the
constraints defined on the Financials page.

Note. The revenue stream, cash flow, and loan payment streams shown in the equations
below are on the Cashflow tab of the results spreadsheet.

The internal rate of return is the discount rate, IRR, that corresponds to a project net present
value, NPV, of zero:

N RequiredRev — AfterTaxCahFlow,
‘lﬂpl’zz eguiredRe venue, fir axCahFlow,

] (1+IRR)

The debt service coverage ratio in each analysis year (DSCR,) is the ratio of operating

income to expenses in that year:

+ AfterTaxCahFlowy =0

RequiredRe venue, — OperatingCost,

DSCR,_ =
* InterestPaym ent, + PrincipalP ayment,

In Solar Advisor, the project's debt service coverage ratio is the lowest value of the DSCR
that occurs in the life of the project:

DSCR = min DSCR,

n=LN]

Solar Advisor calculates the first year sales price, FirstYearPPA, by using an iterative search
algorithm to find the first year sales price that, when inflated using the user-defined
escalation rate, meets the minimum required IRR and the minimum required DSCR
constraints, and results in a positive cash flow for each year if that is a requirement:

Find FirstYearPPA such that
Actual IRR = Minimum Required IRR, and
Actual Min DSCR = Minimum Required DSCR, and
Cash Flow in Year n > 0 (when the cash flow requirement is positive)

The minimum required IRR and DSCR are user input variables on the Financials page. The
positive cash flow requirement is set by a check box on the Financials page.

Utility projects with 10U financing must meet a single constraint on the internal rate of return.
Solar Advisor calculates an annual revenue requirement that meets the IRR constraint.

Find FirstYearRevenueRequirement such that
Actual IRR = Minimum Required IRR

Min Cash Flow

The minimum cash flow is the lowest positive value in the after tax net equity cash flow,
which is displayed in the both Cashflow standard graph on the Results Summary page and
on the Cashflow tab of the results spreadsheet.
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4.2

Graphs

The Graphs list on the Results Summary page includes a set of standard, pre-defined graphs
that allow you to quickly view results in typical formats. Standard graphs are indicated in the
Graphs list with an asterisk before the name. You can modify these graphs or create custom
graphs if the standard graphs do not meet your needs.

To view standard graphs:

1.

2.

In the Graphs list, select the standard graph you want to view. Note the asterisks in
the graph names indicating that these are standard, pre-determined graphs.

Graphs [EEEETEEY et

JLCOE [rocrvina) stacked bt
2'1‘1.‘0.‘!’E[red]slmm
2 | "Hloaehdy |rvesiter Eiicie

Lty et
1

Solar Advisor displays the graph. Note the table below the graph that displays the
graph values.

Giophs [Monmy Oupd =] | g | oo | siam |

2,400,000
2,200,000
2,000,000+
1,800,000+
= 1,600,000
2 1,400,000
1,200,0004

£ 1,000,000
800,000
&00,000+
400,000
200,000+

oL |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

] ShowHoles | ¥ Aucacale [~ Legerd B Serd ToEncel

Tips for viewing graphs:

o Adjust sliders to see the effect of changing input variables on the graph. Click Reset to

return a slider to its default position.
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Add and remove sliders using the Slider button. (See Adding and removing graph
sliders.)

Clear Autoscale before moving a slider to make graph changes more visible.

If a graph goes off scale when you move a slider, a red arrow will appear at the top or
bottom of the graph scale. Click the red arrow to automatically rescale the graph.

To change the graph size, resize the Solar Advisor window.

If the legend takes up too much space in a graph, clear the Legend check box to hide
the legend.

Refer to the table under the graph for exact values displayed in the graph.

To export the data in the table to an Excel spreadsheet, click Send To Excel.

Click Show Notes to display an editable text box to make notes about a graph. Solar
Advisor associates a text box with each graph in the Graphs list.

Table 5. Standard Graph Descriptions and Samples.

Annual Output

Total annual output versus project
year. Shows the total energy J
produced by the system for each lm

year of the project life.

After-tax cash flow for each year of i o “_‘Ii.

Cashflow the project life. Red indicates S o
negative cash flow, green indicates :
positive cash flow. R
LCOE Real and nominal levelized cost of

energy on a single graph.

Cost stacked bar

Cost of energy bar graph showing
relative contribution of each project
cost. The operation and
maintenance (O&M) contribution is
the value of all O&M cash flows
discounted to year 1. The values of
remaining costs are from the capital
costs shown on Costs page.

H B § i
(LTI} 3

A

I 1
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Monthly average values of system L =
Monthly Output output for each month of the year. ;
Monthly average incident radiation
and output at various points in the
concentrating solar power system:
(l\éI:oSnFEr:)IKI E)nergy Flow solar field output, power block input, | ||
y power block output, net electricity |
(after parasitic losses), net electricity
(after availability factor).
4.2.1 Adding and removing sliders

Lo (D] Feaction (%] A slider is a user interface element that allows you to
[ v o dynamically change the value of some independent variables
Resst | J = In graphs and see the effects on the graph. You can use

T slide_rs to see hov_v changes in an input value impact any re_sult
= that is displayed in a standard or custom graph. Solar Advisor
3 allows many input variables and all parametric variables to be

L = used as sliders.

Note. Moving a slider only changes the graph. It does not change the stored inputs or
results.

The graphs on the results summary page of each sample file appear with a set of sliders.
You can add or remove sliders by using the Sliders button. The following procedure
describes how to display sliders for the Cost stacked bar chart. You can use a similar
procedure to display sliders for any standard or custom graph.

To add and remove sliders for a graph:

1. Click the results summary button to display the Results Summary page.

Summary _?I

Spreadshest

Time Serias Graphs

2. Select a graph to view in the Graphs list.

Grapha [";WI‘I-;T- E‘ | Add | | 1% T

["Arwal Dutpas
“Cashdioan

3. Click Sliders to open the Slider Selection window. Solar Advisor displays a list of
Available variables and of Selected variables. The Selected variables are ones that
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4.

5. Click > to add the highlighted sliders to the Selected box.

lider Selection

Slidens
Available

Selected

Flak Riate [¢./wh]

| Ancshysis Pessiod [pears]
Federal Tax [%vea)
|riflshon Fate [X)
Irsinares %]

L [Debt] Fraction (%]
Lo Flate (% 'poa]
Lo Toeam [peans]
Prospesty T | Xivear]
Fheal Discount Fsts [%]
Salas Tax [X]

Slte T [ o]

Fedderal ITC (%]
Federal ITC Mt (5]

2
<
_« |

State ITC %) -

Mole: Chokmng OE will resed shders on the
main wendow bo thew baze vislues,

v 0k | X co |

‘Slicler Selection

Shdets

Availalbe

Federal T [5/pea]
Irflstion Rate [%]

Real Discoard Rate (%)

Saler Tan [%]

Slider Selection

Slhdes
Available

Flat Frates (oA

Sirushurey P [usare]

Lo [Drbil] Frasction [X)
Froperty Tas [$/peat)

You can remove sliders by selecting slider names in the Selected box and clicking
_< | 10 remove all sliders, click %,

Selected

currently appear as sliders on the Results Summary page. Available sliders are ones
that are available for you to add to the list of Selected sliders.

In the Available box, select one or more variable names. Hold down the Control or
Shift key while clicking to select more than one slider.

6. Click OK to close the Slider Selection window. All of the variables in the Selected list

appear as sliders on the Results Summary page.
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4.2.2

Customizing graphs

The Results Summary page displays two types of graphs: Standard graphs appear by default
when you run an analysis and are indicated by an asterisk in the Graphs list, custom graphs
are graphs that you create based on a copy of a standard graph. You cannot modify or
delete standard graphs.

Note. When the current graph is a standard graph (indicated by a an asterisk in the graph
name), only the Add button is active. When the current graph is a custom graph, the Edit,
Add, and Delete buttons are active.

To create a custom graph:

1.

5.

On the Results Summary page, click Add to display the Graph Info window with a
copy of the properties of the current graph. You can save a few steps by selecting a
standard graph similar to the one you want to create.

Graphs |".-5'.rvu'.'] Dulput - | | Add |

Solar Advisor assigns a name to the new custom graph using the name of the current
graph followed by a number indicating the number of copies that exist of the original
graph.

Geaph Inka =t
Hame |SEETITERN
Gangh Typs |5 |
HVakms !"J sl El

i g E.é..w.'l Disdput

L]

[ v2viahes | -]
Paarnster] | =|
Parameter? | 3

Type a new name in the Name box if you want to change the graph name.
Select a type of graph from the Graph Type list.

Select variables to display on each axis of the graph. The available axes depend on
the graph type. Refer to the table below for a description of graph variables.

Click OK to close the Graph Info window and display the graph on the Results
Summary page. Solar Advisor may require a few seconds to display the graph.

To modify a custom graph:

1.

On the Results Summary page, select the custom graph that you want to modify in
the Graphs list. Note that custom graph names are not preceded by an asterisk.

Click Edit to display the Graph Info window with a copy of the properties of the
custom graph.
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Ginphs |Parameterized Storsge v | i.-Jr.-‘] add | D:-lrie| Shalert
—

Solar Advisor assigns a name to the new custom graph using the name of the current
graph followed by a number indicating the nhumber of copies that exist of the original
graph.

6rup|1[r|h é'
PPN P s oot esiczed Siceage]
Gengh Typs E =
¥ Vikums [Sok Mulicle -]
“Wiakms [LODE [rom] -
2 Vs v]

Pt arreeter ] _E:r.r.- Full Lowsd Howrs of TES j

Parameter2 LI

.u"' 0 X Corcal

L

Type a new name in the Name box if you want to change the graph name.
Select a type of graph from the Graph Type list.

Select variables to display on each axis of the graph. The available axes depend on
the graph type. Refer to the table below for a description of graph variables.

Click OK to close the Graph Info window and display the graph on the Results
Summary page. Solar Advisor may require a few seconds to display the graph.

Table 6. Graph Axis options.

Axis Name Description Graph Types

X Values Horizontal axis of two-dimensional graphs and contour all

graphs.
On three-dimensional surface plots, appears as horizontal
axis perpendicular to the y-axis.

YValues Vertical axis of two-dimensional graphs and contour graphs. all

On three-dimensional surface plots, appears as horizontal
axis perpendicular to the x-axis.

Y2 Values | Second vertical axis on two-dimensional graphs. Scale bar, line,
displayed on right side of graph. stacked bar
ZValues Vertical axis of three-dimensional surface plots. surface,
Colored lines on contour plot. contour
Parameterl | Parametric variable to display on x-axis. Variable names bar, line
only appear when one or more parametric variable is
defined.
Parameter2 | Second parametric variable to display on x-axis. Variable bar, line

names only appear in list when two or more parametric
variables are defined.
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4.3

To delete a graph:

1. On the Results Summary page, select the name of the graph you want to delete in the
Graphs list.

2. Click Delete. You can only delete custom graphs from the Graphs list.

Spreadsheets

Solar Advisor displays inputs and results in two different Excel workbooks:

e The case summary contains six spreadsheets containing inputs and results for a single
case.
e The project summary contains a set of six spreadsheets for each case in the file.

Note. If the project or case includes parametric variables, the results in the workbook are
for the base values of the parametric analysis. The results spreadsheets do not display
the results of parametric analyses.

To open the case summary:

e Click Spreadsheet in the navigation menu. If the Run Analysis button appears
instead of the results buttons, click Run Analysis to generate results. You can also
open the spreadsheets on the Results menu by pointing to Case Summary, and
clicking Spreadsheet.

Summany _,‘I

Spreadshest

Time Series Graphs

To open the project summary:
¢ Inthe Results menu, Click Project Summary.

(07 cosannisampies\Standard C5P Systemssar S
File Edit View Case  Results Help

|~ ProjectSumerary |3

Frageam Case Summa_n_.- _ L |

For each case or project summary that you open, Solar Advisor creates an Excel workbook
with the name of the current file and stores it in a temporary folder, which is
C:\SAM\temporary by default. When you close Solar Advisor, it deletes any workbooks in the
temporary folder. If you want to save the workbook, use Save As in Excel to save it to a
folder other than the temporary folder.

In the project summary, the spreadsheets for each case are labeled by a number indicating
the position of the case tab in the Solar Advisor main window: Casel, Case2, etc.

The six tabs for each case are Cashflow, Metrics Table, Inputs, Hourly Data, Monthly Data,
and Annual Data:

¢ In the cash flow spreadsheet, the values in the After Tax Net Equity Cash flow row are
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4.4

equivalent to the values shown in the Cashflow standard graph on the Results Summary
page. See Cash Flow for a description of the cash flow variables and calculations.

e The data on the Metrics Table tab are also shown on the Metrics table on the Results
Summary page.

e The Inputs tab displays a list of input variable names, values, and units.

e The Hourly Data tab contains sets of 8,760 values that Solar Advisor uses to simulate the
system's performance.

e The Monthly Data and Annual Data tabs contain monthly and annual averages of the
hourly data.

Time series graphs in DView

Solar Advisor displays hourly data for the current case in a built-in data viewer called DView.
In DView, you can view graphs of hourly results as well as monthly and annual averages of
the hourly data. DView allows you to export the data to a tab-delimited text file, and to copy
graph images for use in presentations and reports.

Note. If the analysis includes parametric variables, the results in DView are for the base
values of the parametric analysis. DView does not display the results of parametric

analyses.

To display the graphs of time series data in DView:

1. Click Time Series Graphs. If the Run Analysis button appears instead of the results
buttons, click Run Analysis to generate results. You can also open DView on the
Results menu by pointing to Case Summary, and clicking Time Series Graph.

SUmmany _"I

Spreadshest

Time Serias Graphs

2. In DView, click the tab for the graph format you want to view. See the table below for
a description of the different formats.
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3. Select the variable or variables to view. Depending on the graph format, a list of

available variables appears either in a drop-down box or as a list of check boxes.

Tips for using DView:

For check box lists, checking a box in the leftmost column splits the graph into two
and displays the checked variable in the upper graph. Checking a box in the
rightmost column displays the graph in the lower graph, or in a single graph when no
boxes are checked in the leftmost column.

Right-click a graph to export an image of the graph or a table of the data in the graph.

Change properties of a graph, such as the graph title and labels, line colors and style,
and axis bounds by right-clicking a graph and choosing Properties.
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Table 7. DView graph formats.

Tab Name Graph Format Description
DMap 8,760 point data map showing entire year of hourly data in a single
graph
Hourly Time series line graph, use scroll bars and zoom buttons to view entire
data set
Daily Daily average line graph
Monthly Monthly average line graph
Boxplot Monthly average with daily and monthly minima and maxima
Profile Average daily profiles by month
PDF Probability distribution function
CDF Cumulative distribution function
DC Duration curve
Table 8. Hourly data variable names and explanations for CSP systems.
Variable name Units Description
solar electric generation in excess of power plant maximum
E_dump MW  |output
E_gross MW |gross total electric generation
E_min MW |solar electric generation below minimum power plant output
E_net MW |net electric energy production (gross parasitics)
E_parasit MW  [total parasitics for entire system
Epar_OffLine MW |total offline parasitic losses
Epar_OnLine MW [total online parasitic losses
Q_abs W/m2 |absorbed energy
Q_dni MW |solar radiation incident on the collector
the amount of energy dumped (in excess of turbine and
Q_dump MW |storage)
Q_from_ts MW  |energy from thermal storage
Q_gas MW |gas thermal energy Input
Q_hftFpHtr MW  |QhtfFpHtrHTF freeze protection from auxiliary heater
Q_htfFPTES MW |HTF freeze protection from thermal energy storage
Q_nip W/m2 |measured beam radiation
Q_SF(MW) MW  Joutput power
Q to PB MW |energy to the power block
Q_to ts MW  |energy to thermal storage
Q_ts_Full MW |energy dumped because the thermal storage is full
Q_tur_SU MW  |the energy needed to startup the turbine
QSF_Abs MW |absorbed energy for the solar field
QSF_HCE_HL MW |receiver heat losses for the solar field
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44.1

Variable name Units Description
QSF _nipCosTh MW |measured beam radiation cosine theta
QSF_Pipe_HL MW  |piping heat losses for the solar field
QTS _HL MW  |energy losses from thermal storage
TIME none |hour of the year
TOUPeriod none |time of use periods (1 through 6)

Table 9. Hourly data variable names and explanations for PV systems.

Variable Name | Units Description
ACPower kW | AC power at inverter output, not derated
AmbTemp °C ambient temperature
CellTemp °C cell temperature
DCPower kW | DC power at array output, not derated
GlobHozRad kW/m2 [ global horizontal radiation
IncBeamRad kW/m2 | incident beam radiation
IncDiffRad kW/m2 [ incident diffuse radiation
IncTotRad kW/m2 | incident total radiation
InvEff none [ inverter efficiency by hour
InvPartLoad none |inverter part load efficiency by hour
TIME hour of the year
Windspd m/s wind speed

Waterfall graphs (CSP only)

A waterfall graph displays groups of related variables for comparison. For concentrating solar
power systems, DView displays a set of variables designed for creating water fall graphs on

the Hourly, Daily, and Monthly tabs.
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To create a waterfall graph:

1.

Open a file containing results for a concentrating solar power (CSP) system, for
example, the sample file Standard CSP Systems.sam.

In the results area of the navigation menu, click Time Series Graphs. If necessary,
click Run Analysis first.
SUMMERY _’I

Spreadshest

Time Serias Graphs

In the DView window, click either the Hourly, Daily, or Monthly tab.
Clear the TIME check box and any other check boxes that might be checked.

Click the down arrow below the list of check boxes to scroll to the bottom of the list of
variables.

There are four groups of related variables that are suitable for waterfall graphs. Each
of the four groups has a primary variable: Sol Rad Inc_on_Coll(Qdni),
ThermalEnergy_Del_by SF, ThermEnergytoPB, and EPGS_Losses. The first and
second of these are followed by a series of "Less" variables, whose value is
subtracted from its associated primary  variable. For  example,
Less SF_Inc_Ang_Losses is the Sol Rad _Inc_on_Coll(Qdni) minus the solar
field incident angle losses.

Check the boxes for the variables that you want to appear in the waterfall graph. If
you are on either the Hourly or Daily tab, zoom in or out to a suitable level of detail. (
The zoom buttons are below the graph, to the right of the horizontal scroll bar.)

Experiment with the graph by selecting and clearing check boxes.
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Properties in the pop-up menu.

Tip. You can change the properties of the graph by right-clicking the graph and selecting

Table 10. Waterfall variable names in DView. Primary variables are shown in bold font.

Waterfall variable name

Description

Sol_Rad_Inc_on_Coll(Qdni)

solar radiation incident on collectors (Qdni)

Less_SF_Inc_Ang_Losses

minus Incidence angle for solar field
(QSFnipCosTh)

Less_SF_Auvailability _Losses

minus solar field availability
(QnipCosTh*SFAvail)

Less SF_Opt_Eff Losses

minus solar field optical efficiency (QSfADbs)

Less_Receiver_Thermal_Losses

minus receiver thermal losses (24hrs)
(above - QsfHceHl)

Less_Piping_Thermal_Losses

minus piping thermal losses (24hrs) (above
- QsfPipeHlI)

Less No_Operation(Low_Insol)

minus no op. low Insolation (Qsf -
QhtfFpTES) Note: Qsf=Qcoll - Rec.HL -
PipeHL

ThermalEnergy_Del by SF

thermal energy Delivered by solar field (QSF)

Less TES Full_Losses

minus TES full losses (above - QTSFULL)

Less_TES_Thermal_Losses

minus TES Thermal losses (above -
QTSHL)

Less Turbine_StartLess Up_Losses

minus turbine start-Up (above - QturSU)

Less Excess_above PowBICk&TES

minus excess to power block / thermal
energy storage

Less_Below_Turb_Min

minus the energy below turbine min (above
Less_ Qmin)

ThermEnergytoPB-solar

thermenergy to power block from solar
(Q_to_PB)

ThermEnergytoPB-fossil

thermenergy to the power block from fossil

ThermEnergytoPB-Total

thermal energy to the power block - total

EPGS_Losses

losses in conversion from thermal energy to
electrical output from the power block

Gross_Electric_Generation

gross electric generation (E_gross)

Parasitic_OnLine_SelfGen

parasitics (on-line self generated)

Parasitic_OffLine_SelfGen

parasitic losses (off-line self generated)

Net_Electricity_Generated

net electricity produced (E_net)
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5 Exporting Data and Graphs

Solar Advisor provides a variety of options for exporting data to other applications for further
analysis or inclusion in reports and other documents. The project summary and results
workbooks contain Excel spreadsheets that contain many of the input and result data for
each case in the file, including a pro-forma cash flow. Graphs can be exported either as
image files or tables of data. Solar Advisor also displays results of hourly performance
calculations in graphs, or allows them to be exported as Excel spreadsheets.

5.1 Exporting graph and table data

Solar Advisor allows you to export the data represented in graphs and shown in tables on the
Results Summary page. You can export the data to a comma separated text file recognized
by Excel and other software. You can also export the data in text or .xml format using the
advanced properties feature.

To export graph data to a comma-separated file:
1. Display the graph on the Results Summary page.

2. Click Send to Excel. Solar Advisor displays the graph data in Excel.

Output Measure Base Case Walue Graphs |Auray Orientation - Edit Add Delete

LCOE (Realllcents/kiwh 34.30
LCOE [Nominalfcents/kwh) 4418

Net Present Value($s] -18,367.78
Simple Papback(years) >30
Kot £ K -Year 1k 3 Microsoft Excel - Array Orientation(1).csv
Capacity Factail] iEd] He Edt View Insert Format Tools Data  Window Help
Annual Output - Year (kKW ¢ 5 = = = o = = i =
i Adobe FDF o = E2
NEEHO SRV E s LR F TG T
i Arial -0 - B | E=E=0EEFE O
View Baze Case Al - B X
Houry D ata A ‘ B | c | D | E | F | =
10X Iy z X Y z
B 0 40.69519 -30 0/ 40.69519 -30
23 0 40.69519 -20 0 4069519 -20
| 4 | 0 40.69519 -10 0/ 40.69519 -10
EE | 0 40.69519 0 0/ 40.69519 0
| 6 | 0 40.69513 10 0 4069519 10 @ Send[ o Excel
EE] 0 40.69519 20 0/ 40.69519 20
| 8 | 0 40.69519 30 0 4069519 30 Ule Azimuth=-10 Maduls £
EH| 10 37.65594 -30 10/ 37.65594 -30 40.70
| 10| 10| 37.5093 -20 10| 37.5093 -20 37.46
| 11 10 3746108 -10 10] 37.46108 -10 35.46
| 12 | 10 37.50934 0 10| 37.50934 0 34.41
1 13 | 10 37.65748 10 10 37.65748 10 3413
| 14 | 10 37.89765 20 10| 37.89765 20 3469
| 15 | 10 38.2294 30 10/ 38.2294 30 3601
16 20 3577537 -30 20 3577537 -30
[ 17| an 2€ £anaT an anl ac cannT an )
M 4 » W]\ Array Orientation(1) / < s
iDraw~ |3 | AumShapes~ N\ W (1O [ 4l 22 (8] (& | &~ o ~
Ready NUM q
|3 >

3. Solar Advisor creates a comma-separated file in the folder containing the Solar
Advisor file and names it after the graph. For example, it creates the file Cost stacked
bar.csv when you export the Cost stacked bar graph.
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Note. Each time you click Send to Excel for a graph, Solar Advisor creates a new Excel
file in the Solar Advisor temporary folder (C:\SAM\Temporary by default). If a csv file
already exists with the graph name, Solar Advisor appends (n) to the filename,
incrementing n for each version of the file with the same graph name. When you close
Solar Advisor, it deletes all files in the temporary folder. If you want to save the workbook,
save it to a location other than the temporary folder.

To export table data:

1.
2.

Display the table on the Results Summary page.

Right-click the graph and click Copy on the shortcut menu.

Dutput Measure Base Case Yalue
LO0E Fedlfeerisidt] 2k
LCOE [Mominall[cents/kw'h) 4418
Net Present Yalug($s] -18,367.78
Simple Payback(years) »30
Kb £ Kb -Vear 1(h] % 1.677.68
Capacity Factor(] 1915
Annual Dutput - Year 1[kwh] 6.711.52

Open a text file, word-processing document or spreadsheet and paste the table data.

B3 Microsoft Excel - Book1
iE] Fle Edit View Insert Format Tools Data  Window Help  Adob
N EEHS GRS RS- 8
i Arial 0 B 7 U|E=E=FEEE S
D18 he b3
= B T E [ D
1
L Output Measure Base Case Value
3| LCOE (Real)(cents/kWWh) 343
| 4 | LCOE (Nominalj{cents/kWh) 4418
L5 Net Present Value($s) -18,367.78
| 6 | Simple Payback(years) =30
L] KWh / KW - Year 1(h} 1,677.88
| 8 | Capacity Factor(%) 19.15
EEE Annual Qutput - Year 1(kWh) 6.711.52
| 10
"

Advanced - To export graph data to a text, xml, or html file:

1. Display the graph on the Results Summary page.

2. Right-click the graph and click Advanced Properties on the shortcut menu.

3. In the chart editing window, click Export in the navigation tree.

4. On the Data tab, make the appropriate selections and click Copy, Save, or Send.

5.2 Exporting graph images

Solar Advisor displays graphs on the Results Summary page and in DView windows. You
can export images of these graphs for use in documents and reports.

To export a graph image:

1. Display the graph on the Results Summary page or in a DView window. (To open the
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DView window, click Time Series Graph in the navigation menu, or click View Data
on the Climate page.)

Right-click the graph and click Copy on the shortcut menu. In DView, choose Copy
Bitmap or Copy Metafile.

Graphs |EECmaen]

10,000,000

0

-10,000,000

-20,000,000

Advanced P@rﬁes

After Tax Cash Flow (s)

-30,000.000

-40,000,000

0123456789 1113 15 17 19 21 23 25 27 29
AllYears

Solar Advisor exports graph images as bitmaps.

DView allows you to export graph images as bitmaps or metafiles, and to save them
as portable network graphic or metafile files. Use the metafile format when you want
to scale the image of the graph after exporting it.

Open a word processing document or spreadsheet and paste the image by
right-clicking and choosing Paste, or by pressing ctrl-V.

Tl Document1 - Microsoft Word

! Fle Edit View Insert Format Tools Table Window Help AdobePDF  AdobatCo
B HSS BT s B S ARE B F]e -
i A4 Normal - TmesMewRoman - 12 ~ | B J U x° X |

[t]

0

10,000,000 1] |
0

~10,000,000

-20,000,000

Afler Tax Cash Flow($s)

-30,000,000

-40,000,000

0123456789 11131517 1921 23 25 27 29
Al Vears
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6 Input Pages

This chapter describes the thirteen input pages. The navigation menu provides access to the
input pages, which are categorized into three groups: Program, Environment, and System.

For a description of the calculated values (variables with blue backgrounds) on the input
pages, see Equations for Calculated Values in the Appendix.

6.1 Program

The Program page displays options that determine the set of

Frogany * input variables that Solar Advisor makes available for the case.

Concenirating Solar Pow The Technology options determine the set of options that appear

ConaGomron B on the System pages, for either a photovoltaic system,

= : concentrating solar power system, or generic system. For each

ey Technology option, a different set of Market options is available.

The Market options determine what set of financing variables
appear on the Financials page.

Table 11. Program options.

Available Financing Types
Technology Available Market Options (on Financials page)

¢ Independent Power Producer
Central Generation (IPP)

¢ Investor-owned Utiltiy (IOU)
e Cash

Photovoltaics Commercial Buildings e Loan

e Third-party Ownership

e Cash

Residential Buildings e Mortgage

e Loan

¢ Independent Power Producer
Central Generation (IPP)
¢ Investor-owned Utiltiy (IOU)

e Cash
Distributed Generation e Loan
e Third-party Ownership

Solar Heating and Lighting [None None

Concentrating Solar Power

¢ Independent Power Producer
Central Generation (IPP)

¢ Investor-owned Utiltiy (I0U)
e Cash

Generic Commercial Buildings e Loan

e Third-party Ownership

e Cash

Residential Buildings e Mortgage

e Loan
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6.2

6.2.1

Note. Only the Photovoltaics, Concentrating Solar Power, and Generic technology
options are implemented in the current version of the software. Future versions will
include Solar Heating and Lighting. Future options are disabled because they are not fully
implemented in the current version of the software.

Environment

The five Environment options include variables and options that describe the characteristics
of the system that can be considered to be outside of the technical description or
specification of the system itself. The environment options include climate, incentives, and

financial parameters.

Climate
Emvrenmarind The Climate box in the navigation menu shows the location name
Chimae [ Phaosrecima El for the solar resource data that Solar Advisor will use for
simulation, in this case, TMY2 data for Phoenix, Arizona.

Uty Rsbect Flat Rste:

e Click the Location arrow to view a list of all available TMY2 locations.

Locstion BN B
Ch fincata tm? A

[ ETE R

G S acranmeno il

Solar Advisor can use weather data files in two formats: Typical Meteorological Year format
(TMY2) and EnergyPlus Weather format (EPW). Weather files for the United States in the
new TMY3 format are available in EPW format.

Solar Advisor weather files must meet the following criteria:
o Atext file in TMY2 or EPW format.
¢ Filename extension tm2 or epw.

e Located the Solar Advisor weather data folder, which by default is
C:\SAM\Data\WeatherFiles.

Note. For more information about the weather formats, see the following websites: NREL
TMY2 (typical meteorological year) format, EnergyPlus Weather file (EPW) format. See
the References section for internet addresses.

Typical Meteorological Year (TMY2)

The Solar Advisor Model software includes a set of TMY?2 files for 239 U.S. locations. To use
TMY?2 data for one of these locations, select the location name in the Location list on the

Climate page.

Solar Advisor Model 2.0
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POTERNIS, | ong Heschiri] =

CA Dagoett I ~
CA Fresnom2

If the location you are modeling is not in the list, you can:
o Add locations to the list by adding files in TMY2 format to the SAM weather data folder.

e Purchase the Meteonorm database and software package, which contains climatological
data for over 7,700 global weather stations and can convert the data into TMY2 format.
Meteonorm can also import data in various formats and convert it to TMY2.

EnergyPlus Weather (EPW) data

You can download weather data in EPW format for locations around the world at no cost
from the EnergyPlus weather data website.

Note: To download TMY3 weather files in EPW format for U.S. locations, visit the
EnergyPlus weather data website United States page.

To use EPW weather data:

1. Go to the EnergyPlus weather data website and navigate to the region and location
you want to model.

2. Download the EPW file for the location you are modeling. If there is not an EPW file
for the location, download the ZIP file and extract the EPW file.

3. Place the EPW file in Solar Advisor's weather data folder.

The EPW file should now be visible in the Locations list on the Climate page.

RSTRE SP_Sevila SWEC.epw |

EGY_Cairo.IntLAirport_EThY, epi ”
ESF Almeria SWEL. epi

ESP Sevila SWEC.epw
USé,_Cé_CZ01 Y2 spu
USé_Cé_CZ0ZRV2 spm
LISa,_Ca_CZORN2. epw

Ak, Anchorage. tm
&K drnetta b ?

Tips for downloading EPW data:

e For some regions, you can download an EPW file directly for a location. For example,
for Bangladesh, you can download the data for Dhaka by right-clicking the blue
square next to the word EPW for Dhaka. Be sure to save the file with the epw
extension.
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All Regions : Asia WMO Region 2 : Bangladesh

Bogra {SWERA) N epw W STAT H zIp
Chittagong-Patenga (SWERA) W Epw B STAT m Zip
Coxs Bazar (SWERA) H epw W STAT W zIP
Dhaka (SWERA) EPW B STAT H zip
Ishurds (SWERA) EPW W STAT H zIp
Jessore (SWERA) N Epw W STAT m zIp
Rangpur {SWERA) H epw M STAT u zip
Sylhet (SWERA) N Epw B STAT L i

e For other regions, you must first download a zip file containing the EPW file and
extract the EPW file. For example, for Malaysia, you can download the data for Kuala
Lumpur by right-clicking the red square next to the word ZIP for Kuala Lumpur. After
downloading the zip file, you can extract the EPW file to the SAM weather files folder.

All Regions : Southwest Pacfic WMO Region 5 : Malaysia

George Town (IWEC) B sTAT m zip
Kota Baharu (IWEC) B STAT u zip
Kuala Lumpur (IWEC) B STAT kz[p
Kuching (IWEC) B STAT zZIp

6.2.2 Utility Rates

Emarammant = The utility rate is the price per kilowatt hour paid to the project for
[BZProsnsmz ﬂ electricity generated by the system. Payments and revenue from
. e _"I eIectr|C|ty sales appear in the prOJect_cash flow, but 'do not affect

levelized cost of energy -calculations. For residential and

~! commercial projects, electricity sales are assumed to be on a

net-metering basis.

[

The current version of Solar Advisor models a flat rate for photovoltaic and concentrating
solar power systems, i.e., the same rate applies regardless of the time of day or year. It also
assumes net-metering, where electricity is purchased and sold by the project at the same
rate. Later versions of the software will model time-of-use rates for photovoltaic and
concentrating solar power systems.

Note. The Utility Rates page for concentrating solar power (CSP) systems displays a
diagram of time-of-use periods for two California utilities. The current version of Solar
Advisor uses this information to determine how to dispatch storage in a CSP system, but
not to determine the time dependent value of electricity. See CSP_Storage for more
information about storage and time-of-use periods for CSP systems.
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6.2.3

Financials

Emvaranrirenl

Chrishs !“2 Phosne:

Uity Fatey  |Flat Feste
Financials Fleciadential - Mortgage

resrtoons [ITCJEICEI

The Financials page displays the variables that Solar

W EHV v

Advisor uses to calculate project cash flows and other
related financial metrics. Type of Financing determines
which groups of variables appear on the Financials page.
For example, Residential - Mortgage financing does not
include the Depreciation group of variables, which is only

available for the Commercial and Utility financing types. The
options available in the Type of Financing list depend on the
Market option on the Program page.

Note. For more details on financing options, please refer to Project economics and
financing in the References section and to the financials spreadsheets on the Solar
Advisor website's download page, https://www.nrel.gov/analysis/sam/download.html.

For utility projects, Solar Advisor models two types financing: independent power producer
(IPP) and investor-owned utility (I0U). All utility projects are funded through a combination of
debt and equity that earn revenues from electricity sales.

Table 12. Financing options for different project types.

Project Type

Financing Options

Description

Residential

Cash

The owner pays cash in the amount of the
total installed cost in year zero of the
project cash flow.

Mortgage

The owner pays cash for the equity portion
of the total installed cost in year zero of the
cash flow, and makes an interest and
principal payment in subsequent years.
Interest payments are tax deductible.

Loan

The owner pays cash for the equity portion
of the total installed cost in year zero of the
cash flow, and makes an interest and
principal payment in subsequent years.
Interest payments are not tax deductible.

Commercial

Cash

The owner pays cash in the amount of the
total installed cost in year zero of the
project cash flow.

Loan

The owner pays cash for the equity portion
of the total installed cost in year zero of the
cash flow, and makes an interest and
principal payment in subsequent years.
Interest payments are not tax deductible.
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Project Type

Financing Options

Description

Third Party Ownership

The project earns revenues through
electricity sales to cover project costs. The
owner pays cash for the equity portion of
the total installed cost in year zero of the
cash flow, and makes an interest and
principal payment in subsequent years.
Depreciation, interest payments and sales
tax (in year one) are tax deductible. Solar
Advisor calculates a first year power
purchase price that meets internal rate of
return, minimum debt service coverage
ratio and positive cash flow requirements.

(IPP)

Utility Independent Power Producer

The project earns revenues through
electricity sales to cover project costs. The
owner pays cash for the equity portion of
the total installed cost in year zero of the
cash flow, and makes an interest and
principal payment in subsequent years.
Depreciation, interest payments and sales
tax (in year one) are tax deductible. Solar
Advisor calculates a first year power
purchase price that meets internal rate of
return, minimum debt service coverage
ratio and positive cash flow requirements.

Investor-owned Utility (10U)

The project earns revenues through
electricity sales to cover project costs. The
owner pays cash for the equity portion of
the total installed cost in year zero of the
cash flow, and makes an interest and
principal payment in subsequent years.
Solar Advisor calculates a first year power
purchase price that meets an internal rate
of return requirement.

cash financing.

Note: To model a utility project with cash financing when sufficient cash is available to
fund the project with no debt, choose Commercial under Buildings (grid-tied) as the
market option on the Program page, and then choose Commercial - Cash for Type of
Financing on the Financials page. Financing constraints do not apply to projects with

Table 13. Finacials page variables.

Variable Name Applicable Description
Market
Analysis Period All Number of years covered by the analysis.
Typically equivalent to the project or
investment life.
Inflation Rate All Annual rate of change of prices, typically

based on a price index. Solar Advisor
uses the inflation rate to calculate costs in
the cash flows for years after year one.
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Variable Name

Applicable
Market

Description

Real Discount Rate

All

A measure of the time value of money
expressed as an annual rate. Solar
Advisor uses the real discount rate to
calculate the present value (value in year
one) of cash flows over the analysis
period and to calculate annualized costs.

[Loan] Amount

All

The amount of money borrowed to cover
installation expenses. Solar Advisor
calculates the loan amount based on the
Loan (Debt) Fraction and the Total
Installed Costs on the Costs page.See
Equations for Calculated Values,
Financials for a description of the loan
amount calculation.

Loan (Debt) Fraction

All

Percentage of the total installed cost that
can be borrowed. For analysis of utility
IPP projects with a goal of minimzing
LCOE, the loan fraction and PPA
escalation rate should be adjusted so that
the minimum constraining assumptions
are met.

[Loan] Term

All

Number of years required to repay a loan.
Can be more or less than the analysis
period.

[Loan] Rate

All

Loan interest rate.

Federal Tax, State tax

Commercial and
Utility

Federal and state income tax rate. Applies
to annual income from incentives for all
projects, and to revenues from electricity
sales for utility projects.

Property Tax

Commercial and
Utility

Annual tax paid on project property,
expressed as a percentage of total
installed costs. Solar Advisor treats
property tax as a tax-deductible operating
expense for each year. In each year, the
property tax expense is the property tax
rate multiplied by the annualized
installation cost.

Sales Tax

All

A one-time tax paid in year one on
equipment purchases during installation,
expressed as a percentage of the taxable
portion of installed costs. Solar Advisor
treats sales tax as a deductible expense.
The taxable portion of installed costs is
defined on the Costs page.

Insurance

Commercial and
Utility

An annual operating expense expressed
as a percentage of total installed costs.
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Variable Name

Applicable
Market

Description

MACRS Mid-Quarter
Convention

Commercial and
Utility

Modified Accelerated Cost Recovery
System depreciation schedule offered by
the Federal government and some states.
This tax deduction, expressed as a
percentage of the total installed cost,
applies to the first years of the project life
as follows: 35%, 26%, 15.6%, 11.01%,
11.01%, and 1.38%.

MACRS Half-Year
Convention

Commercial and
Utility

Modified Accelerated Cost Recovery
System depreciation schedule offered by
the Federal government and some states.
This tax deduction, expressed as a
percentage of the total installed cost,
applies to the first years of the project life
as follows: 20%, 32%, 19.2%, 11.52%,
11.52%, and 5.76%.

Straight Line depreciation

Commercial and
Utility

A depreciation schedule offered by the
Federal government and some states.
This tax deduction is 20% of the of total
installed cost and applies to the first five
years of the project life.

PPA Escalation Rate

Utility

Solar Advisor calculates an electricity
sales price for each year in the project life
using the PPA (Power Purchase
Agreement) Escalation Rate and First
Year PPA Price. For analysis of utility IPP
projects with a goal of minimizing LCOE,
the loan fraction and PPA escalation rate
should be adjusted so that the minimum
constraining assumptions are met.

Minimum Required IRR

Utility

The lowest value of the internal rate of
returned required for the project to be
financially feasible. The internal rate of
return is the discount rate that results in a
project net present value of zero.

Minimum Required
DSCR

Utility

The lowest value of the debt-service
coverage ratio required for the project to
be financially feasible. The debt-service
coverage ratio is the ratio of operating
income to expenses in a given year.

Positive Cashflow

Utility

A requirement that the annual project cash
flow be positive throughout the project life.
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6.2.4 Incentives

Emarenment The Incentives page provides a variety of options for entering
cewe  BZPhoem 3| mMost of the incentives and tax credits available to residential,
~ . commercial, and utility projects in the United States. Note that
Uiy Aatey  |Flak Raba > . . .
—= some incentive-related inputs such as state and federal

Franca |Resdental-Meigage 3| depreciation and taxes are on the Financials page.

ncertivnz [TTC.0EN .
Loads Linsr Development >

Solar Advisor only models incentives that are checked on the Incentives page. For example,
the screenshot below shows a project that benefits from a 30 % Federal investment tax credit
with a $2,000 maximum, and a $3/W capacity based incentive provided by the utility with a
$50,000 maximum. In this case, Solar Advisor will not model the state investment tax credit
(25% with $1,000 maximum) because it is not checked.

= Invediment Tax Coedst [ITC)

Anourk [§]
I Fodenl a
I~ Shas 0
% M asimes [§)
¥ Feden | 3 | 20
I seae | | 1,00

+ Papduction Tax Credit [PTC)

+ Invedmend Bazed Incentive [181)

- Capacity Bazed |ncentrve [CEI)

W Wit [§]
™ Fedel | [ 1E
¥ Seae | 3] S0.000
I vy | af S
I Other | 0| ]
+ Pooduction Bazed | tive [PRI)
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Table 14. Summary of incentives and tax credits.

Applies in
Incentive Name Type Incentive Calculation year
mginmfﬂi_fgsgfd't’ ITC Investment, as percent of |Total Installed Costs ($) x 1
. . capital investment Incentive Percent (%)
incentive, 1B
Investment tax credit, ITC '
Investment-based Investment, as fixed Amount ($) 1
. ) amount
incentive, IBI
Incentive Rate ($/W) x
Capacity-based Investment, as function of iArray .5'2eR(kW)§$/c§/rv . 1
incentive, CBI system size ncentive Rate ($/W)
' Rated Net Capacity
(MWe)
Incentive Rate ($/kWh) x
Annual Output in Year n
. . . (kwh) x All, or
Production-based Production, as function of | [1 + Escalation (%)]Year !
; . Year 1 thru
incentive, PBI system output n term
(Annual Output is a
calculated value on
Results Summary page)

Note. For a description of incentives available to solar and other renewable energy
projects in the United States, see the Database of State Incentives for Renewables and
Efficiency at http://www.dsireusa.orq.

Solar Advisor models two types of incentives: tax credits and incentive payments to the
project. Tax credits can be provided by a state or federal government. Incentives are
payments that can be provided by a state or federal government, utility, or other entity.

Incentive payments and tax credits can be either investment-based or production-based. An
investment-based incentive or tax credit is a one-time payment to the project made in year
one of the project cash flow that is either a fixed amount, percentage of total installed costs,
or a function of system size. A production-based incentive or tax credit is an annual payment
based on the amount of energy produced by the system in each year.

Incentive payments may or may not be taxable by either the Federal or state government.
Solar Advisor allows you to control which incentives, if any, are taxable. To show or hide the
tax details for each incentive, click Show Tax Details.

Solar Advisor applies the federal tax rate from the Financials page to any investment-,
capacity-, or production-based incentives with Taxable Federal checked on the Incentives
page. Similarly, it applies the state tax rate for incentives with Taxable State checked. Solar
Advisor multiplies the applicable tax rate by the investment amount and adds it to each year's
cash flow.

Investment tax credits and all incentive payments may or may not contribute to depreciable
costs. When Basis is checked for a particular incentive, Solar Advisor subtracts the incentive
amount from the depreciation basis in each applicable year of the project life.

See Cash Flow for information about how incentives affect the project cash flow.

Solar Advisor Model 2.0
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6.2.5 Loads

The current version of Solar Advisor does not model loads for distributed generation or
off-grid markets.

6.3 System: Photovoltaic

Photovoltaic systems convert global solar radiation to electricity. Solar advisor models grid-
connected photovoltaic systems that consist of a photovoltaic array and inverter. The array
can be made up of flat-plate or concentrating photovoltaic modules, and can be fixed, or
employ single or dual axis tracking. The current version of Solar Advisor does not model
battery or other types of storage, or loads for off-grid systems.

This chapter describes the system input pages that are available when the Program
Technology on the Program page is Photovoltaics:

o Configuration

o Array
e Module

e Inverter

e Storage
e BOS (balance of system)

The sample file, Standard PV Systems.sam, contains five cases based on photovoltaic
technologies. The cases are for residential and commercial systems, and for utility systems
with two types of financing. The fifth case is for a utility system using concentrating
photovoltaic technology. The sample files are located in the Samples folder, which is in
C:\SAM by default.

For a description of the Concentrating Solar Power System options see System:
Concentrating Solar Power.

6.3.1 Configuration

Swstem & The Configuration page displays options for a photovoltaic
qasion [FAFie ll system and that determine whether the system is based on
s )| flat-plate or concentrating photovoltaic (CPV) technology,

: how the system is mounted, whether the system uses

[BF Sclar BPZIS0S1c50 D | inverters or whether the inverters are integrated in the

' photovoltaic module, and whether the system includes
batteries or another form of storage. Only options that are
available in the current version of the software are active.

Flat plate systems use global radiation data (beam + diffuse) from the weather file, and
concentrating systems use only the beam component of the radiation data.

June 2008



System: Photovoltaic 47

6.3.2

Array

The Array page displays variables and options that describe
) the array layout, loss and degradation factors, and tracking
DRIARLDE 3| and orientation of the collector.
[Ere=150 200 i _,I

EP Soler BF215305c-51) }l

In Layout, note that Total Modules, Array Power, and Inverter Power have blue
backgrounds, indicating that Solar Advisor calculates the total number of modules, rated
array power and rated inverter power values based on the values of other input variables.
See Equations for Calculated Values, PV Array Layout for the equations behind these
variables.

ShEfeT

Inverters is the total number of inverters in the system. It appears here instead of on the
Inverter page to make it easier to see whether the inverter capacity is adequate to meet the
array's peak rated power.

Solar Advisor applies the Total pre-inverter derate factor to the output of the array, and
applies the Total post-inverter derate factor to the inverter model output. You can choose
to enter the derate factors in Simple mode or Detailed mode. In Detailed mode, you enter the
components of the total derating factor, and Solar Advisor calculates the total value. See
Equations for Calculated Values, PV Array Derate for calculation details.

The System Degradation represents an annual reduction in system output due to
equipment aging. It applies to each year's derated inverter output in year two and
subsequent years. When you enter the degradation rate as a single value, the degradation
for each year is compounded. You can also define the system degradation using an annual
schedule, which allows you to manually assign a different degradation rate to each year. One
application of this approach is modeling the effect of replacing equipment within the system
lifetime: You can set the system degradation to zero for the year equipment is replaced. To
define an annual schedule, right-click the system degradation variable and choose Annual
Schedule in the Input Type window. Note that for system degradation rates entered on an
annual schedule, degradation rates are not compounded annually: Solar Advisor multiplies
each year's degradation rate by the first year annual output.

Salar System
Radiation
In

x
Pre-inverter
Derate

x
Post-inverter
Derate

x
System
Degradation

PV Array Model Inverter Model

Array output, DC Irverter output, AC

The graphs below show the effect of different combinations of a system derate factor of 5%
and system degradation factor of 1% on the annual output of a residential, grid-connected
PV system.
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Degradtion = 0, Derate Factor =0 Degradtion = 0, Derate Factor = 5%
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The Tracking options cause the software to simulate the effects of a fixed array with no
tracking, an array mounted on a single-axis tracking device to follow the sun's daily east to
west movement through the sky, or an array mounted with dual-axis tracking to follow both
the sun's daily movement and its seasonal movement north and south.

The Orientation variables determine the tilt (north-south orientation) and azimuth (east-west
orientation) of the array when Tracking is set to Fixed. A Tilt value of zero degrees is
horizontal, and positive 90 degrees is vertical. An Azimuth value of zero is facing the equator.
In the northern hemisphere, positive 90 degrees is facing due west, and negative 90 degrees
is facing due east. The ground reflectance accounts for radiation incident on the array that is
reflected from the ground. The Ground Reflectance variable is expressed a fraction of the
global solar radiation at a given time. The typical range for ground reflectance is between 0.2
for grassy ground and 0.7 for predominantly snowy ground. Solar Advisor uses the Ground
Reflectance value except for hours during which the weather data indicate that there is snow
on the ground, when it uses the Ground Refl. with Snow value.

Module: PV

=

Shestom The Module page displays the characteristics of the
Conligastion [Flak Plala 3 performance model for flat-plate photovoltaic modules when
the System setting on the Configuration page is Flat Plate.

Bury [Ty T e— >
Modde  |BF Solw BPSEOIESH _;l e To select a performance_model, in the Module/Array
e ] [ Performance Model list, click a model name.

There are three flat-plate PV performance models available in the current version of Solar
Advisor:

e The Sandia PV Array Performance Model is based on empirical field measurements of
module performance.

e The single-point efficiency model is a simple representation of module performance based
on a single efficiency value and module area with temperature correction.

e California Energy Commission (CEC) Performance Model is based on a 5-parameter
representation of a module equivalent electrical circuit and standard rating conditions
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supplied by module manufacturers or based on tests by an independent laboratory, such
as Arizona State University Photolvoltaic Testing Laboratory.

The Sandia and CEC photovoltaic models each include a library of commercially-available
modules that you can select from a list. When you select a module, Solar Advisor
automatically populates the parameter variables with values for that module. To model
modules that are not in either library, you can use the single-point efficiency model to define
a custom module.

Note. The modules available in the library of commercially available modules for the
Sandia and CEC performance models is determined by the modules in the databases
maintained by Sandia National Laboratories and the California Energy Commission. If
you download and install the CEC's CECPV model, you can read documentation of the
CEC performance model that is packaged with the software. You can also download
documentation of the Sandia PV performance model from the Sandia National
Laboratories website. See the References section for complete citations and Internet
addresses.

You can also learn more about the models by exploring the module databases, which are
located in the Data folder of the Solar Advisor folder (C:\\SAM by default). The Sandia
model database is stored in the KingDatabase folder, and the CEC model database is
stored in the Modules folder. If you have questions about any of the performance models
used in Solar Advisor, contact the software development team by sending an email to
Solar_Advisor_Support@nrel.gov.

Sandia PV Array Performance Model

e To use the Sandia model, on the Module page's Module/Array Performance Model
list, click Sandia PV Array Performance Model and select a module in the Database
of Available Module Coefficients list.

The Sandia model is an empirically based model that consists of a set of curve-fit equations
based on field I-V curve measurements for each module in the library. Because it is based on
actual field measurements, the model has a high level of accuracy in module output
predictions, but because of the time and effort required to make the field measurements, the
module library in the Sandia model is less current than the CEC model library.

The first several items in the Sandia database are arrays instead of single modules. The
arrays are indicated by the word "Array" in the name, which also includes the number of
modules and the module type.

Modudsuray Pardumance Moded |5andia P Amey Perfomance Model

Dialsbae of Avalable Modue Coefficierts [IELRTAILLL bl Lo =|
Charactonsines 13?;1ﬁféﬂfﬁnfl%t. :
Efficisncy 4% x ifiﬁﬁ_}-}l‘u}‘l:'lj:;,{ﬁnl 3

8 Shap 16TUIF Anapfmc-55) 5
Pep | DOGEENS W ﬂ;:‘fm"—:? dunagle-54 ]

oo [N g (SKCnagecS g
California Energy Commission (CEC) performance model

e To use the CEC model, on the Module page's Module/Array Performance Model list,
click CEC Performance Model and select a module in the Database of Available
Module Coefficients list.

The CEC performance model uses the 5-parameter model developed by the University of
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Wisconsin's Solar Energy Laboratory, which uses standard rating conditions data from
manufacturer's module specifications and a set of semi-empirical correlation equations to
predict the modules's I-V curve, and thus the modules power output.

Single-point efficiency model for flat-plate modules

e To use the single-point efficiency model, on the Module page's Module/Array
Performance Model list, click Single Point Efficiency.

The single-point efficiency model calculates module output by multiplying the total global
solar radiation incident on the photovoltaic panel at a specific orientation by the module's
efficiency value and making a small adjustment based on the ambient temperature.

Power is displayed for reference only and is not used in calculations. It is equivalent to the
module's rated DC power, or nameplate power, and is calculated based on the equation
Power (W) = Area (m2) x Efficiency x 1,000 W/m2, where 1,000 W/m2 is the incident
radiation at which the module produces the nameplate power under standard test conditions.

The single-point efficiency model adjusts for temperature effects using the temperature
coefficient and module construction (front and back materials) from the Module page, and
ambient temperature and wind speed values from the TMY2 database. The value of
Temperature Coefficient (Pmax) should be the rated maximum-power temperature
coefficient from the module's technical specifications. Module Structure should describe the
module's construction.

Module: CPV
Shestenm & The Module page displays the characteristics of the
oo | [Tt Yats 3 performance model for concentrating photovoltaic (CPV)

modules when the System setting on the Configuration page
is Concentrating.

Ay [Srmd BORWIrred T B
Mokl Single Piond E fficiency }I

Frrardw [R2R00H W LS

The current version of Solar Advisor models CPV modules using a single-point efficiency
model. The single-point efficiency model calculates module output by multiplying direct
normal component of the solar radiation incident on the panel at a specific orientation by the
module's efficiency value.

Power is displayed for reference only and is not used in calculations. It is equivalent to the
module's rated DC power, or nameplate power, and is calculated based on the equation
Power (W) = Area (m2) x Efficiency x 1,000 W/m2, where 1000W/m2 is the incident
radiation at which the module produces the nameplate power under standard test conditions.

Note. The Sandia PV Array Performance model includes one CPV module, Entech 22X
Concentrator(c-Si). To use the Entech module, choose Flat Plate on the Configuration
page, and then on the Module page, choose Sandia PV Array Performance Model and
select the Entech module from the Database of Available Module Coefficients list. The
Entech module is a special case in the Sandia module database, and its coefficients have
been selected to allow it to be modeled using global radiation data.
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6.3.5

Inverter

Spstom 2 The Inverter page displays the characteristics of the of the
Conbiguaatiors [FRLFRAR > Inverter model. The current version of Solar Advisor

: - includes two inverter performance models, the Sandia
o, i | 13 Performance Model for%rid—Connected PV Inverters model
Modde  [FooceaSolFCIAG 3| and the single-point efficiency model. The Sandia model
Feeatar [Fromius IGZSO0HLY 208 l‘ allows you to choose an inverter from a list of
commercially-available inverters. For inverters that are not
in the list, the single-point efficiency model allows you to
model custom inverters.

Sl Undes Devebopment. 3|

Sandia Performance Model for Grid-Connected PV Inverters

e To use the Sandia model, on the Inverter page's Inverter Performance Mode list,
click Sandia Performance Model for Grid-Connected PV Inverters.

o If your inverter is not in the list, use the single-point efficiency inverter model.

The Sandia Performance Model for Grid-Connected PV Inverters is based on a laboratory
measurements for a range of inverter types. The model uses a set of equations to calculate
an AC power output based on a DC power input value generated by the PV module model.
The inverter characteristics are described by the parameters on the Inverter page. Solar
Advisor converts the model's performance curve into an equivalent part-load efficiency curve
that it uses to calculate the inverter's hourly AC output.

Note for advanced users. The inverters available in the library of commercially available
inverters is determined by the database maintained by Sandia National Laboratories. You
can also download documentation of the inverter model from the Sandia National
Laboratory website. See the References section for complete citations and Internet
addresses.

You can also learn more about the Sandia inverter performance model by exploring the
files in the Inverter folder, which is located in the Data folder of the Solar Advisor folder (
C:\SAM by default). If you have questions about any of the performance models used in
Solar Advisor, contact the software development team by sending an email to
Solar_Advisor_Support@nrel.gov.

Single Point Efficiency

e To use the single-point efficiency inverter performance model, on the Inverter page's
Inverter Performance Model list, click Single Point Efficiency.

During simulation using the single-point efficiency model, Solar Advisor multiplies the
photovoltaic array's DC power output by the inverter efficiency to calculate the inverter's AC
power output for each hour. The inverter output cannot exceed Power, the rated inverter
power. The inverter output is equivalent to the system output. See Equations for Calculated
Values, PV Inverter for details.

Solar Advisor Model 2.0
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6.3.6 Storage and BOS
The Storage and BOS (balance of system) options for photovoltaic systems are under
development and are not available in the current version of Solar Advisor.

6.4 System: Concentrating Solar Power

Concentrating solar power (CSP) systems collect direct normal solar radiation and convert it
to thermal energy that runs a power block to generate electricity. CSP systems are based on
three types of collector technologies: parabolic troughs, linear Fresnel concentrators, dishes,
and central receivers. The current version of Solar Advisor only models trough systems.

The components of a parabolic trough CSP system are the solar field, power block, and in
some cases thermal energy storage system. The solar field collects heat from the sun and
consists of parabolic, trough-shaped solar collector assemblies (SCAs) that focus direct
normal solar radiation onto tubular heat collection elements (HCEs) or receivers. Each
collector assembly consists of mirrors and a structure that supports the mirrors and heat
collection elements, allows it to track the sun, and can withstand wind-induced forces. Each
heat collection element consists of a metal tube with a solar radiation absorbing surface in a
vacuum inside a coated glass tube.

A heat transfer fluid (HTF) transports heat from the solar field to the power block and other
components of the system. Most CSP systems power blocks are based on conventional
power cycle technology, using turbines to convert thermal energy from the solar field to
electric energy. Some CSP systems include fossil-fuel backup systems. CSP systems that
include thermal energy storage systems (TES) can generate electricity during periods of no
or low solar radiation.

The concentrating solar power model in the current version of Solar Advisor is based on
NREL's Excelergy software.

This chapter describes the system input pages that are available when the Program
Technology on the Program page is Concentrating Solar Power:

e Configuration

Solar Field

SCA | HCE (solar collector assembly / heat collection element)
Power Block

Storage

Parasitics

e Costs

The sample file, Standard CSP Systems.sam, contains three cases based on concentrating
solar power trough technologies. The first case represents a 100 MW baseline system with a
medium temperature heat-transfer fluid and an indirect 2-tank thermal energy storage
system. The second case represents a similar 100 MW system with dry cooling. The third
case is a an example of a parametric study on system storage input variables and is
described in Example 5: Review the CSP parametric analysis. The sample files are located
in the Samples folder, which is in C:\SAM by default.

For a description of the photovoltaic options see System: Photovoltaic.
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6.4.1 Configuration

The current version of Solar Advisor allows for a single Configuration option for a CSP
systems: parabolic trough systems consisting of a field of solar collector assemblies and a
power block system with or without thermal energy storage. Future versions of the software
will also dish Stirling, linear Fresnel, and central receiver (power tower).

6.4.2 Solar Field

The Solar Field page displays variables and options that describe the size and properties of
the solar field, properties of the heat transfer fluid, reference design specifications of the
solar field, and collector orientation.

Layout and Solar Multiple

Solar Advisor allows you to specify the solar field size either explicitly as an area expressed
in square meters, or as a multiple of the solar field area design point. The solar field area
design point, equivalent to a Solar Multiple value of one, is the solar field size required to
provide sufficient thermal energy under reference ambient conditions to operate the power
block at full load under standard design conditions.

Vadves From Othor Pages
Sedar Meliple Reference Condifions Apetture funn pe S04 A703 mrSCa
HICE Tl Lesgi 215 Wim2
it T =l =
g sl C Optical Eliciercy —
Cramecd Hosmnal Fadiation 50 Wim2 Diesign Turbine Thamal Inget SE MW
Wind Vilociy 5 mg Soly Fesld Peeng Hest Lastes | 158 ‘wim2

Reference Ambient Conditions Standard Design Conditions

Note. Direct Normal Radiation is a reference value that is different from the solar
radiation data that Solar Advisor uses for system output calculations. The reference
Direct Normal Radiation value is used to calculate the solar field area. Hourly data from
the weather file shown on the Climate page determine the solar resource at the site.

The Direct Normal Radiation value does depend on the system location. For example,
950 W/m? is an appropriate value for the Mohave Desert and 800 W/m? for southern
Spain.

When Solar Advisor calculates the solar field area based on a solar multiple that you define,
it scales the field area based on the ratio of your solar multiple value to one. Similarly, when
you enter a solar field area, Solar Advisor scales the solar multiple based on the ratio of your
solar field area value to the solar field area design point.

The Solar Multiple variable makes it possible to perform a sensitivity analysis to explore cost
reductions that might result from varying the size of the solar field and power block. The
second case in Standard CSP system.sam, 100 MW Baseline - Parameterized Storage,
illustrates this approach, comparing levelized cost of energy for systems with different solar
multiple values with and without storage. For a description of the case, see Example 5:
Review the CSP parametric analysis.
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Note. For explanations of the solar multiple and solar field area calculations, see
Equations for Calculated Values, CSP Solar Field.

To define the solar field area using Solar Multiple:

e Choose Solar Multiple under Layout and enter a value.

£ eyt Halar Multgple (Desige Pont)
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Solar Advisor calculates the solar field area and displays it in Solar Field Area
(calculated) under Solar Multiple (Design Point).

To define the solar field area using Solar Field Area:

e Choose Solar Field Area under Layout and type a value.

{ vt Salar Multgple (Dosign Pont)
) Cafcelated Valves
r© Solw Wultiple
Siola Multiphs [caloulalad) | 2067

Sl Fiedd Aonn [caloulstnd) | BETEIS m2

= Sola Field 2aea BETETS m2

Dt Betermen 5 Cis in Flow Tm

Solar Advisor calculates the solar multiple based on the area of the solar field and
displays it in Solar Multiple (calculated).

Heat Transfer Fluid

Hoal Transfor Furd
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The solar field heat transfer fluid (HTF) absorbs heat as it circulates through the heat
collection elements in the solar field and transports the heat to the power block where it is
used to run a turbine. Several types of heat transfer fluid are used for trough systems,
including hydrocarbon (mineral) oils, synthetic oils, silicone oils and nitrate salts.
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When you choose a heat transfer fluid in the Solar Field HTF box, Solar Advisor populates
the Minimum HTF Temperature box with that oil's minimum operating temperature value.
Solar Advisor will not allow the system to operate at a temperature below the minimum HTF
temperature. Electric heaters maintain the fluid temperature. Solar Advisor accounts for the
electric power requirement for heating on the Parasitics page.

The remaining heat transfer fluid parameters describe characteristics of the solar field that
affect the performance of the heat transfer fluid. If you are unsure of what values to use for
these parameters, refer to the Solar Field page for the case in Standard CSP Systems.sam.

Note. Solar field outlet temperature and solar field area data for U.S. parabolic trough
power plants are available on the Troughnet website at
http://www.nrel.gov/csp/troughnet/power _plant data.html.

Table 15. Heat transfer fluids.

Min HTF Max
Temp Operating
°C Temp
Name Type °C Freeze Point| Comments
Solar Salt Salt 260 600 220
Caloria mineral -20 300 -40 used in first
hydrocarbon Luz trough
oil plant, SEGS |
Hitec XL Nitrate salt 150 500 120 New
generation
Therminol mixture of 50 400 12 Standard for
VP-1 biphenyl and current
diphenyl generation oil
oxide HTF systems
Hitec Nitrate salt 175 500 140 For
high-temperat
ure systems
Dowtherm Q | Synthetic oil -30 330 -50 New
generation
Dowtherm Synthetic oil -20 350 -40 New
RP generation

Orientation and Tracking

Errermiatcam
Colector Tit' | 0 -
Colector Azimuth® | o -

Mote 1; [F = honzondal, 3007 = wertical
Hobe 2 X = south, 30" = west, 90" = east

The Orientation variables determine the tilt (north-south orientation) and azimuth (east-west
orientation) of the array. A Tilt value of zero degrees is horizontal and positive 90 degrees is
vertical. An Azimuth value of zero is facing the equator, positive 90 degrees is facing due
west, and negative 90 degrees is facing due east.

Solar Advisor Model 2.0


http://www.nrel.gov/csp/troughnet/power_plant_data.html

56

Solar Advisor Model User Guide

6.4.3

= Sirghe ot rackirg: a5 paalsl bo suslace

7 Tewor-mas biackng

The Tracking options cause the software to simulate the effects of collectors mounted on
single-axis tracking devices to follow the sun's daily east to west movement through the sky,
or collectors on dual-axis tracking devices to follow both the sun's daily movement and its
seasonal movement north and south. When you choose Two-axis tracking, Solar Advisor
disables the Collector Tilt and Collector Azimuth boxes. For two-axis tracking, Solar
Advisor calculates a tilt and azimuth value for each time step based on the sun's location
during that time step.

SCA/HCE

The SCA / HCE parameters describe the solar collector assembly (SCA) and heat collection
element (HCE). Note that the SCA is often referred to as the collector. The HCE is often
referred to as the receiver. The default values for the set of SCA and HCE parameters are
typical for each Collector Type and Receiver Type and Condition option.

Note. See http://www.nrel.gov/csp/troughnet/solar field.html for more information on
solar collector assemblies and heat collection elements. Also see relevant articles in the
list of publications on the Troughnet website.

Solar Collector Assembly (SCA)

Solar Collector Assembi- {SCA4)
Collector Type: |Solargenix 551 | Libraw
Scalengh [ 100 m Tracking Enior and Twist | 0.994
SCA& Aperature ’75 m Geometric Accuracy ’W
SCAdperstuediea | 4703 m2 Miror Reflectivity | 0.935
Ayerage Focal Length ’713 m Mirrar Cleanliness Factar [field ava) ’W
#of Reosivers/SCa | 24 Dust on Erwelope (field av] | 098
Incident Angle Modifier Cosff1 [ 1 Concentrator Fagter | 1
Incident Angle Modifier Coelf2 | 0.0RD6. Solar Field Avalabiity | 093
Incident Angle Modiier -Coeff 3 [ 0.1763

The Solar Collector Assembly (SCA) parameters are for an individually tracking component
of the solar field that includes mirrors, supporting structure, and a heat collection elements or
receivers. The parabolic, trough-shaped SCA mirror focuses sunlight on a line. The SCA
types available in Solar Advisor represent the range of collector types either installed in
currently operating systems, or used in past system designs.

Note: The solar field in the 100 MW Baseline case in the Standard CSP Systems.sam file
consists of approximately 1,000 solar collector assemblies.
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Table 16. Default collector types.

Name Description Location
EuroTrough ET150 |Torque box, SEGS V, Kramer Junction, California
galvanized steel
Luz LS-2 Torque-tube, SEGS | - VII, Kramer Junction, California
galvanized steel
Luz LS-3 Bridge truss, SEGS VIl - IX, Kramer Junction, California

galvanized steel

Solargenix SGX-1 Organic hubbing Nevada Solar One, Boulder City, Nevada
structure, extruded
aluminum

Receiver/Heat Collection Element (HCE)
Receiverdfeat Collection Efement (HCE)

Library Receiver Type

and Condition

Receiver 1 Receiver 2 Receiver 3 Receiver 4

Scholt PTR7D. || Schott PTR70 | Schatt PTR7D || Schott FTR70
Wacuum Lost Yacuum Broken Glass Hydrogen

Patcant of Field | 0.97| 0.0z 0.0 | [
Ootical Parameters
Bellows Shadowing 0.93 0.93 0.99 0.93
Envelope Trarsmisshvity 0.953 0.963 1 0963
Assorber Absorption 056 0.96 18 036
Unaccounted | 1] 1] 1] 1
Dptical Efficiercy (HCE) | 773 773 6683 | 773
Optical Efliciency [Weighted) 7719
Heat Loss Parameters
A0 Heat Loss Cosfficiert | 18615 | 016634 | 11625 | 9.2419
A1 Heat Loss Cosfficient | 016741 | 0.67716 | 097124 | 13648
A2 Heat Loss Caefficiert | 00071584 [ 0.00075342 | 0010638 | 00010515
43 Heat Loss Casfficient | 6.6026E-6 | 5.772366 | 2925065 | 48011E6
A4 Heat Loss Cosfficient | B.5034E-8 | 4.4504E-8 | 7.35267 | 9256268
A5 Heat Loss Cosfficient | 091215 | 42158 | 005 | 37535
A6 Heat Loss Caefficient | 0.011783 | 0.13313 52682 | 0.33064
Heat Loss Factor | 135 135 125 1.25
Mirnirum Windspeed (m/s) | 0] 0] [H| 0
Receiver Heal Losses (w/m) | 266,363 | 660554 | 434589 | 1.280423

Thermal Losses [weighted W./m) 315.048
Themal Losses (wWeighted W/m2) 54,791

Note. For a description of the optical efficiency and receiver heat loss calculations, see
Equations for Calculated Values, CSP SCA / HCE.

The Receiver/Heat Collection Element (HCE) parameters are for an HCE that consists of a
metal pipe contained in a vacuum within glass tube. The HCE runs through the focal line of
the trough-shaped parabolic collector. Seals and bellows ensure that a vacuum is maintained
in each tube. Anti-reflective coatings on the glass tube maximize the amount of solar
radiation that enters the tube. Solar-selective radiation absorbing coatings on the metal tube
maximize the transfer of energy from the solar radiation to the pipe.

Table 17. Default receiver types.

Receiver Type Description
Luz Cermet Original HCE design. Low reliability of seals.
Schott PTR70 Vacuum |Newer design with improved reliability.
Solel UVAC2 Newer design with improved reliability.
Solel UVAC3 The newest HCE available as of May 2008.

The performance of the HCE is highly dependent on the quality of the vacuum in the glass
tube. Solar Advisor models the HCE under five different receiver conditions. Each receiver
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condition has a set of default optical parameter values that is appropriate for each receiver
type and condition.
Table 18. Receiver conditions.
Receiver Condition Description
Broken glass Glass tube is damaged, increasing heat transfer between tube
and atmosphere.
Fluorescent Selective coating on metal tube is compromised, reducing
absorption of solar radiation
Hydrogen Hydrogen from hydrocarbon-based heat transfer fluid (e.g.,
mineral oil) has permeated through metal tube into the vacuum,
increasing heat transfer between metal tube and glass.
Lost vacuum Glass-to-metal seal is compromised
Vacuum HCE is not damaged and is operating as designed.
6.4.4 Power Block

The Power Block parameters describe the equipment in the system that converts thermal
energy from the solar field or thermal energy storage system into electricity. The power block
is based on a steam turbine that runs on a conventional Rankine power cycle and may or
may not include fossil fuel backup. Power block components include a turbine, heat
exchangers to transfer heat from the solar field or thermal energy storage system to the
turbine, and a cooling system to dissipate waste heat. Solar Advisor considers the thermal
energy storage system to be a separate component, which is described on the Storage page.

Turbine Parameters

Fisted Tutbine Net Capacity | 100 Mwe

Design Turbine Gross Output ’7110 Mwe
Power Plant dwailabiity [ 8 %
fnrusl Degradation | 0 %

The turbine parameters determine the size of the steam turbine. Solar Advisor uses the
Rated Turbine Net Capacity to calculate the plant capacity factor that appears in the results
summary table on the Results Summary page. The Design Turbine Gross Output
determines the solar field area under standard conditions, i.e., for a Solar Multiple of one.
(The Solar Multiple variable is on the Solar Field page.) The gross turbine output is typically
on the order of 110% of the turbine's rated net capacity. Power Plant Availability describes
plant downtime due to forced and scheduled outages. Availabilities of 94% are typical for
parabolic trough systems.

The Annual Degradation represents an annual reduction in system output due to aging of
equipment that applies to year two and subsequent years. When you enter the degradation
rate as a single value, the degradation for each year is compounded so that the degradation
rate applies to the previous year's annual output. You can also define the system
degradation using an annual schedule, which allows you to manually enter a different
degradation rate for each year. One application of this approach is modeling the effect of
replacing equipment within the system lifetime: You can set the system degradation to zero
for the year equipment is replaced. To define an annual schedule, right-click the annual
degradation variable and choose Annual Schedule in the Input Type window. Note that for
degradation rates entered on an annual schedule, degradation rates are not compounded
annually. Power blocks in parabolic trough systems are typically well-maintained and exhibit
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low degradation rates. Heat exchanger fouling is the main source of system degradation,

which is typically in the range of 0-0.2% per year.

Power Cycle

Fawer Cyele

Ref System |SEGS B0 Mwe Turbine

j Libramy

System Type ‘Steam RH

Design Turbine Thermal Input 13249 Mt

Design Turbine Gross Efficiency 0.3774
Max Over Design Operation™ 115

Minirum Load® 018

FO F1

Turbine Start-up Time: [

Turbine Start-up Energy® 02

F2 F3 F4

Tuth. Pait Load Them ta Elec | 0037726 |

10062 | 0076316 | 0044775 | ]

Tub. PaitLoadElecto Them | 003737 [ 098823 | 004331 | n03asss | [

Cooling Tower Corection | 1

0 [ [ 0

Temperature Corection Made [wetbulb basis

* fraction of design paint

[=|

Note. For a description of the calculation for Design Turbine Thermal Input, see
Equations for Calculated Values, CSP Power Block.

The Power Cycle parameters describe the steam turbine component of the power block.

Solar Advisor
conventional

includes six reference turbines. The
Rankine-cycle steam turbines in a range of sizes, and one organic

reference turbines

include five

Rankine-cycle turbine. Conventional Rankine-cycle turbines are similar to those used in coal,
nuclear, or natural gas power plants. A heat exchanger transfers energy from the solar field's
heat transfer fluid to generate steam that drives the turbine. The organic Rankine-cycle
turbine operates on the same principle as the conventional turbine, but uses an organic fluid,
typically butane or pentane, to run the turbine instead of water.

Table 19. Power cycle reference systems.

Approximate

Approximate Solar Operating
Field Size Range Temperature Suggested Modeling
Reference System m? °C Application

Organic

APS Ormat 1 MWe 10,000 300 Rankine-cycle power

300C
block
High-temperature

Nexant 450C HTF - 450 heat transfer fluid
(molten salt)
High-temperature

Nexant 500C HTF - 500 heat transfer fluid
(molten salt)

SEGS 30 MWe . o

Turbine 180,000 - 230,000 300 - 400 Typical applications

SEGS 80 MWe . o

Turbine 460,000 - 480,000 400 Typical applications

Siemens 400C HTF 400 High-temperature

heat transfer fluid
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The Turb. Part Load Therm to Elec power cycle parameters FO, F1, ..., F4 are coefficients
for a set of equations used to model the turbine cycle's thermal to electric energy conversion
efficiencies. Solar Advisor automatically chooses the correct coefficients when you select a
turbine in Ref System. You should not modify these parameters unless you are familiar with
the underlying equations, which calculate the power block's electric output as a function of
the power block's thermal input.

Note. The five Turb. Part Load Elec to Therm coefficients are used to calculate
conversion efficiencies of storage and fossil backup equipment, whose parameters are
defined on the Storage page.

Solar Advisor uses Cooling Tower Correction factors FO, F1, ..., F4 and Temperature
Correction Mode to calculate a temperature correction factor for each hour in the simulation.
The temperature correction factor is used in the turbine cycle thermal to electric conversion
efficiency equations. Note that for dry cooling, ambient conditions have a more significant
impact on the turbine cycle efficiency than for wet cooling. The current version of Solar
Advisor does not model advanced parabolic trough power systems with hybrid wet-dry
cooling. The temperature correction options are:

e Wetbulb basis uses wet bulb temperature data from the weather file

e Drybulb basis uses dry bulb temperature data from the weather file

o For no temperature correction, set all five Cooling Tower Correction parameters FO ... F4
to zero

The variables Max Over Design Operation, Turbine Start-up Energy, and Minimum Load
are expressed as a fraction of the design point. Solar Advisor calculates the value of each of
these parameters by scaling the values relative to the turbine design capacities on the Power
Block page and the solar field reference ambient conditions on the Solar Field page. For
example, a Turbine Start-up Time of 0.5 hrs and Turbine Start-up Energy of 0.2 would
require that the turbine run for 30 minutes at 20% load during startup. A Max Over Design
Operation value of 1.15 allows the turbine to run at up to 15% over turbine design gross
output.

When you choose a turbine from the reference system library, Solar Advisor changes the
values of the Power Cycle variables. The following table of shows the power cycle
parameters for the standard reference systems. Note that you can use any value for the
Rated Turbine Net Capacity and Design Turbine Gross Output variables, Solar Advisor
will use the reference system parameters with the rated and design turbine parameters.

Table 20. Reference system parameters.

Parameter Name SEGS 30 | SEGS 80 [APS ORC|| Nexant | Nexant [ Siemens
450 500 400
Rated Turbine Net Capacity 30 80 1 100 100 50
Design Turbine Gross Output 35 89 1.160 110 110 55
Design Turbine Thermal Input 93.3 235.8 5.600 278.0 269.9 147.2
Design Turbine Gross Efficiency 0.3749 0.3774 0.2071 0.3957 0.4076 0.3736
Max Over Design Operation 115 1.15 115 115 115 115
Minimum Load 0.15 0.15 0.15 0.15 0.15 0.15

Turb. Part Load Therm to Elec FO [-0.0571910]-0.0377260 | -0.1593790 ] -0.0240590 { -0.0252994 ] -0.0298
Turb. Part Load Therm to Elec F1 || 1.0041000 | 1.0062000 | 0.9261810 || 1.0254800 || 1.0261900 0.7219
Turb. Part Load Therm to Elec F2 || 0.1255000 | 0.0763160 | 1.1349230 | 0.0000000 | 0.0000000 0.7158
Turb. Part Load Therm to Elec F3 |-0.0724470]-0.0447750 | -1.3605660 | 0.0000000 § 0.0000000 | -0.5518
Turb. Part Load Therm to Elec F4 | 0.0000000 | 0.0000000 | 0.4588420 | 0.0000000 | 0.0000000 0.1430
Turb. Part Load Elec to Therm FO | 0.0565200 | 0.0373700 | 0.1492050 | 0.0234837 | 0.0246620 | 0.044964
Turb. Part Load Elec to Therm F1 | 0.9822000 | 0.9882300 | 0.8521820 | 0.9751230 | 0.9744650 | 1.182900
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6.4.5

Parameter Name SEGS 30 | SEGS 80 |APS ORC| Nexant Nexant [ Siemens
450 500 400

Turb. Part Load Elec to Therm F2 [-0.0982950]-0.0649910]-0.3247150| 0.0000000 | 0.0000000 | -0.563880

Turb. Part Load Elec to Therm F3 | 0.0595730 | 0.0393880 | 0.4486300 | 0.0000000 | 0.0000000 | 0.467190

Turb. Part Load Elec to Therm F4 | 0.0000000 | 0.0000000 | -0.1256020| 0.0000000 | 0.0000000 | -0.130090

Storage

A thermal energy storage system (TES) stores heat from the solar field in a liquid medium.
Heat from the storage system can drive the power block turbine during periods of low or no
sunlight. TES is beneficial in many places where the peak demand for power occurs after the
sun has set. Adding TES to a parabolic trough system allows the collection of solar energy to
be separated from the operation of the power block. For example, a system might be able to
collect energy in the morning and use it to generate electricity late into the evening.

In direct systems, the heat transfer fluid itself serves as the storage medium. In indirect
systems, a second medium stores the heat with heat transfer from the HTF to the storage
medium accomplished through heat exchangers. The TES system consists of one or two
tanks, pumps to circulate the liquids, and depending on the design, heat exchangers. Solar
Advisor models two types of TES systems: thermocline and two-tank. A thermocline system
stores both the hot and cold storage medium in one tank. The zone in the tank where hot and
cold fluids meet is called a thermocline. The storage tank in a thermocline system contains
low-cost filler materials such as sand and rock. A two-tank system consists of a hot tank to
store heat from the solar field, and a cold tank to store the cooled storage medium after the
power block has extracted its energy.

Note. For more information on thermal energy storage systems for parabolic trough
systems, see http://www.nrel.gov/csp/troughnet/thermal_energy storage.html.

Thermal Energy Storage (TES)

Tharmal Energy Starags [TES)}

Equiv. Full Load Hours of TES 6 his Masimum Energy Storage [174B.B0763 Mt
Thermocling or Two-Tank TES | Twa Tank - Design Turbine Thermal Input 251 47 Mt
0
Storage Fluid Mumber |Solar Salt - Initial Themal Storage Miw/hit

Tank Heat Losses 057 Mwt
Heat Exchanger Duty | |
Turbine TES Ad. - Efficiency” | 0985
Tutbine TES Adjustment - Gross Output | 0.998

Maximum Pawer To Storage |B7D.376258  pMw/

Primary bed material ,—_|
Secandary bed material [Jooe <
Themaocling Temp Degradation ’7 C
Themmosline Effisiency Adifar TES* [ 1
Themodline Dutput Adjfar TES* | 1

Maximum Power From Storage (333611932 mMw

To model a thermocline (one tank) or two tank system, choose the appropriate option in
Thermocline or Two-Tank TES and the enter the number of hours of storage the system
must provide in Equiv. Full Load Hours of TES.

Tip. An increase in the hours of thermal storage requires a commensurate increase in the
solar multiple in order to minimize the levelized cost of energy for the system. The 100
MW Baseline - Parameterized Storage case in Standard CSP Systems.sam illustrates
this relationship. See Example 5: Review the CSP parametric analysis for a description of
the case.

When the storage medium in Storage Fluid Number is different than the heat transfer fluid
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on the Solar Field page, Solar Advisor models an indirect system and assumes that the TES
system includes a heat exchanger. The value of Heat Exchanger Duty determines the rate
at which energy can be stored in the tank. To model a direct system that uses the heat
transfer fluid as the storage medium, choose the same fluid for Storage Fluid Number on
the Storage page and for Solar Field HTF on the Solar Field page. For direct systems, Heat
Exchanger Duty on the Storage page is inactive because no heat exchanger is required.

The two Turbine - TES Adjustment values are typically close to or slightly less than one
and depend on the turbine type shown in Ref System on the Power Block page. You can
use the default values provided in the sample files.

The Maximum Power to Storage and Maximum Power From Storage variables are
related to the Design Turbine Thermal Input variable on the Power Block page, which also
appears on the Storage page. The value of these variables is often close to or equal to the
design turbine thermal input value. Solar Advisor calculates these values based on the heat
exchanger duty, the storage size and the turbine design.

Note. For a description of the maximum power to and from storage and maximum energy
storage variables, see Equations for Calculated Values, CSP Storage.

When the Initial Thermal Storage value is zero, Solar Advisor assumes that the storage
system starts (in the first hour of the annual simulation) cold. A non-zero number indicates
that the system starts with a partially or fully charged storage tank.

Table 21. Suggested Tank Heat Losses values for different thermal storage capacities.
System Hours of Thermal Storage
Description 0 3 6 9 12 15

100 MW
2-Tank
Indirect 0 0.62 0.96 1.23 1.56 1.87
VP-1/Nitrate
Salt

200 MW
2-Tank
Indirect 0 1.0 1.61 2.21 2.81 3.56
VP-1/Nitrate
Salt

200 MW
2-Tank Direct 0 0.34 0.64 0.93 1.24 1.52
Hitec Salt

200 MW
Thermocline 0 0.25 0.51 0.70 0.96 1.21
Hitec Salt

Primary bed material |Quartzite =
Secondary bed material |Sand =

Thermacline Temp Degradation 50 C

Thermacline Efficiency Adj far TES® 0.93

Thermacline Output Adj far TES® 1

Solar Advisor can model thermocline (one tank) TES systems that include sand and quartzite
as filler material in the tank. In such systems, quartzite (rock) typically serves as the primary
material, and sand serves as the secondary material to fill gaps between the primary
material. This design reduces the amount of high-cost liquid storage medium required by the
system. Using primary rock or sand typically replaces 50% to 60% of the tank volume. Using
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rock as a primary material and sand as a secondary material can replace 75% of the tank
volume. The Thermocline Temp Degradation value is typically 25% of the difference
between the hot and cold storage medium temperatures. For example, if the temperature
difference is 100°C, the degradation value should be 25°C. Alternatively, you can define
Thermocline Temp Degradation as a parametric variable, and use Solar Advisor to find the
optimal value for the value. For Thermocline Efficiency Adj for TES and Thermocline
Output Adj for TES, you can use the default values provided in the sample files, typically
one or slightly less than one.

Note. In the current version of Solar Advisor the filler material options for two-tank
systems are inactive.

Thermal Storage Dispatch Controls

Thermal Slerage Dispaich Conliols
TOoU1 Tou 2 Tou 2 TOU 4 TOU& TOUE

Starage Dispatch Fraction [with Salar | 01 | 01 | 01 | 01 | N 0s

|
Storage Dispatch Fraction (without Solarf* | o1 | 03 | 03 | 03 | ik} | ik}
Turbine Dutput Fraction® | 11 | 1 | 1 | 1 | 1 |
i | |

Fossi Fill Fraction® | o 0 1]

The thermal storage dispatch controls are coefficients for a set of equations that model the
timing of releases of energy from the thermal energy storage system to the power block.
When the system includes thermal energy storage, Solar Advisor can use a different
dispatch strategy for up to six different time-of-use (TOU) periods. The TOU period schedule
is defined on the Utility Rates page.

Mame [HEE v Descripion o
Time of Use [TOU) Periods SCE from Excelergy oo

il 10U Pericd1 2 TOU Perind 2 8] TOU Period 3
[ 10U Peiod 4 [ TOU Peiiod5 6 TOU Period 6

Wweekday ‘Weekend

mmmmmmmmmmmmmmmmmmmmmmm
e e o ot e e e
N ErEREEEEEEEE e EEEEE
e e e P ottt e
el oo e e oo oo o ]
1515 = o e o o o o o o o e o e

EX
6 6 6 5 B[3.813 3 &

Jan |Feb Mar Apr May Jun | Jul Aug Sep Oct Nov|Dec! Jan|Feb Mar Apr May Jun Jul Aug Sep|Oct Nov Dec

Solar Advisor decides whether or not to operate the power block based on how much energy
is stored in the TES and the values of the Thermal Storage Dispatch Controls parameters.
You can define when the power block operates for each of the six TOU periods. For each
hour in the simulation, if the power block is not already operating, Solar Advisor looks at the
amount of energy that is in thermal energy storage at the beginning of the hour and decides
whether it should start the power block. For each TOU period, there are two targets for
starting the power block: one for periods of sunshine, and one for period of no sunshine.
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6.4.6

6.5

The Turbine Output Fraction for each TOU period determines at what load level the power
block runs using energy from storage during that TOU period. The load level is a function of
the Turbine Output Fraction, and Design Turbine Thermal Input and the five Turb Part
Load Elec to Therm factors on the Power Block page.

For each TOU period, during periods of sunshine, the power block at the load level for that
TOU period only when the available storage is equal to or greater than the product of the
Storage Dispatch Fraction (with Solar) and Maximum Energy in Storage. Similarly,
during periods of no sunshine, the power block only runs when the available storage is equal
to or greater than the product of Storage Dispatch Fraction (without Solar) and Maximum
Energy in Storage.

By setting the thermal storage dispatch controls parameters, you can simulate the effect of a
clear day when the operator may need to start the plant earlier in the day to make sure that
the storage is not filled to capacity and solar energy is dumped, or of a cloudy day when the
operator may want to store energy for later use in a higher value TOU period.

For systems with fossil-fuel backup, Fossil Fill Fraction defines the solar output level at
which the fossil backup will run during each hour of a specific TOU period. For example, a
fossil fill fraction of 1.0 would require that the fossil backup operate to fill in every hour during
a specified TOU period to 100% of design output. In that case, during periods when solar is
providing 100% output, no fossil energy would be used. When solar is providing less than
100% output, the fossil backup operates to fill in the remaining energy so that the system
achieves 100% output. For a fossil fill fraction of 0.5, the system would use energy from the
fossil backup only when solar output drops below 50%.

Parasitics

The Parasitics page displays parameters describing losses due to parasitic electrical loads,
such as drive motors, electronic circuits, and pump motors. Solar Advisor includes a set of
default parasitic parameters for a range of solar trough power systems. Choose a Solar Field
option that is the same or similar to the system you are modeling. Solar Advisor will
automatically adjust the total parasitic load to match the size of the solar field you are
modeling.

The Cooling Tower Operation Mode determines whether the cooling tower fan operates at
100% or 50% of its rated capacity. Most cooling towers switch between 50% and 100%
operating mode. Use the Cooling Tower at 50% or 100% for a system with a single cooling
tower. Use Cooling Tower parasitics a function of load when the system design includes
multiple cooling towers run.

Note. See Equations for Calculated Values, CSP Parasitics for a description of the
parasitic loss calculations.

System: Generic

The generic system model is a basic representation of a conventional fossil-fuel power plant.
The Generic technology option makes it possible to compare analyses of photovoltaic and
concentrating power systems to a base case conventional fossil fuel plant in the residential,
commercial and central generation markets.

Solar Advisor displays a different set of System categories on the navigation menu
depending on the Program options. This section describes the System options when the
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Program Technology is Generic:

Shesfem
Hamaplates Capaciy [ 1000w
Capacty Fachy 5 X
Sy cplasbabl —'I' X
[harsbe 1 %
Fust 'mar Arnusal Oupast | 1961290 ks
Annual Degradstion 0 ox
Heat Rate 10 MMBTU s

The parameters for the Generic system are for a simple model of a fossil fuel power plant.
Unlike the photovoltaic and concentrating solar power models, the generic model is not
based on an hourly simulation engine. The first year annual output of the generic plant is
based on a simple equation using the four System variables: Nameplate Capacity, Capacity
Factor, Availability, and Derate.

The First Year Annual Output is calculated using the following equation:

EFi.‘l.’E-tYEEIDL‘-tp‘L‘-I: = E:\Ta.mapla.ta ' Fﬂapa{:ityf'a{:tm' ' F.l".\'ailabﬂi.ty' El - FDarat;]

Equation Solar Advisor Variable | Units Description
Variable

E First Year Annual kW |The generic system's total output in the
Output first year, before annual degradation

applies.

Nameplate Capacity % |The rated capacity of the generic
system.

Capacity Factor % |The expected net generated electricity
over one year (8760 hours) divided by
the electricity that could have been
generated at continuous full rated power
over the year.

Base load plants typically operate at
capacity factors of about 90%, with
capacity factors of less than 100% due
to curtailed output. Load following plants
and peaking plants will have lower
capacity factors.

Availability % | The number of hours per year that the
generic system is able to produce
electricity divided by the number of
hours in one year (8760 hours).
Availability factors of less than 100% are
typically due to plant down time for
maintenance and repair.

Derate % |A derating factor applied to the generic
system rated capacity to account for
output reductions caused by
inefficiencies in the system from wiring
losses or other causes.

FirstYearOutput

E

NamePlate

FCapacityFactor

I:Availability

F

Derate
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The Annual Degradation represents an annual reduction in system output due to equipment
aging. that applies to year two and subsequent years. When you enter the degradation rate
as a single value, the degradation for each year is compounded so that the degradation rate
applies to the previous year's annual output. You can also define the system degradation
using an annual schedule, which allows you to manually enter a different degradation rate for
each year. One application of this approach is modeling the effect of replacing equipment
within the system lifetime: You can set the system degradation to zero for the year
equipment is replaced. To define an annual schedule, right-click the annual degradation
variable and choose Annual Schedule in the Input Type window. Note that for degradation
rates entered on an annual schedule, degradation rates are not compounded annually.
The heat rate determines the cost of fuel reported as Fuel O&M Expense in year one of the
project cash flow on the Results Summary page. Solar Advisor uses the heat rate to
calculate the first year fuel cost as follows:
CFirstVaarFuel = CCostOfFuel - F HeatRate ~ £ First VearOutput
Equation Variable Solar Advisor Variable Units Description
CrirstyearFuel Fuel O&M Expense (reported $lyr The total cost of fuel
for Year 1 in the project cash for year one of the
flow) project cash flow.
CostofFuel Cost of Fuel (from the Costs $/MMBTU |The rated capacity of
page) the generic system.
Fheatrate Heat Rate MMBTU/ | The generic system's
MWh efficiency, or number
of MMBTU of heat
required to produce
one MWh of electricity.
E,:irsmaaromput First Year Annual Output kw The generi.c.system‘s
total electricity output
in the first year, before
annual degradation.
6.6 Costs

The Costs page provides access to all system costs. Project cost input data in Solar Advisor
are divided into two main categories: capital and operation and maintenance (O&M) costs.
Capital costs are further categorized into direct and indirect costs described below. Solar
Advisor uses the variables on the Costs page and the financial and incentives parameters to
calculate the project cash flow and other cost metrics reported on the Results Summary page

The boxes with white backgrounds are values that you can edit. Boxes with blue
backgrounds contain calculated values that Solar Advisor displays for your information. Solar
Advisor automatically recalculates values in blue boxes when you change the value of
related variables. Numbers in blue font are values taken from other input pages.
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6.6.1

Note: The costs in the sample files are intended to illustrate Solar Advisor's use. The cost
data are meant to be realistic, but not to represent actual costs for a specific project.
Actual costs will vary depending on the market, technology and geographic location of a
project. Because of price volatility in solar markets, the cost data in the sample files is
likely to be out of date. For more information see the Solar Advisor Model website,

https://www.nrel.gov/analysis/sam/cost data.html.

Capital costs

The capital costs represent expenses associated with the purchase of equipment and
services for the project. Note that financial parameters and tax rates appear on the

Financials page.

A direct capital cost represents an expense for a specific piece of equipment or installation
service:

e For concentrating solar power systems, direct capital costs are expressed as dollars per
area of solar field ($/m2), dollars per power block rated capacity ($/MWe), or dollars per
maximum thermal energy storage capacity ($/MWht) displayed on the Storage page. The
solar field area and power block rated capacities are displayed on the navigation menu.

¢ For photovoltaic systems, direct module and inverter costs are expressed either as dollars
per rated Watt of capacity or dollars per unit. The module cost per capacity is expressed in
terms of the module's DC rated power, which is shown on both the Module page and Array
page. The inverter cost per capacity is expressed in terms of the inverter's AC rated power,
which is shown on the Inverter page. The storage cost variable is disabled because the
current version of Solar Advisor does not model storage for photovoltaic systems. BOS, or
balance-of-system costs are equipment costs that cannot be assigned to either the module
or the inverter, and may include such costs as mounting racks, junction boxes, and wiring.
Installation costs are the labor costs associated with installing the equipment.

o For central generation systems, the contingency cost is a percentage of the sum of direct
costs to account for expected uncertainties in the direct cost estimates.

An indirect cost is typically one that cannot be identified with a specific piece of equipment or
installation service, and may include all other costs that are built into the price of the system,
such as profit, overhead, and shipping costs. Depending on the purpose of your analysis,
you may decide to distribute profit among the direct cost categories or include them as a
single value in an indirect category.

¢ For residential and commercial systems, the indirect costs are divided into two categories.
Miscellaneous costs may include profit, and costs such as overhead (including marketing),
design, permitting, or shipping. Solar Advisor calculates Sales Taxes by applying the sales
tax rate from the Financials page to the percentage of the total direct costs that you
specify.

¢ For central generation systems, indirect costs include three categories. Engineer, Procure,
Construct costs may include costs associated with design and construction of the project.
Project, Land, Miscellaneous costs may include real estate and other project costs. Solar
Advisor calculates Sales Taxes by applying the sales tax rate from the Financials page to
the percentage of the total direct costs that you specify.

Solar Advisor uses the total installed cost, which is the sum of direct and indirect costs, to
calculate the cash flow, levelized cost of energy, and other output metrics. How you assign
costs to each capital cost category does not affect the total installed cost, so you can choose
to distribute costs as is most appropriate for your analysis.

Solar Advisor Model 2.0


https://www.nrel.gov/analysis/sam/cost_data.html

68

Solar Advisor Model User Guide

6.6.2

6.6.2.1

Operation and maintenance costs

Operation and Maintenance (O&M) costs represent expenditures on equipment and services
that recur each year throughout the project's life after the system is installed. Solar Advisor
allows you to enter O&M costs in three ways: Fixed (per year), fixed (per capacity), and
variable (per production).

Table 22. O&M cost options.

O&M Cost Units Description
Category

Fixed (per year) $ Annual fixed first year cost.

Fixed (per $/kW-yr | Annual first year cost proportional to the system size in kW,
capacity) where the system size for concentrating solar power systems
is Rated Turbine Net Capacity on the Power Block page,
and for photovoltaic systems is Array Power (in kWdc) on
the Array page. For CSP systems, fixed costs typically include
all recurring costs except for water-related costs.

Variable (per $/MW-h | Annual first year cost proportional to the calculated system
production) production for that year in MWh. For CSP systems, variable
costs typically include cost of chemicals, water purchases,
and chemical treatment of water.

Solar Advisor uses the first year O&M cost input variables to calculate O&M costs in year
one of the project cash flow. The first year O&M cost, annual inflation rate on the Financials
page, and Escalation Rates for each O&M cost category determine the O&M cost in
subsequent years. You can use the escalation rate to represent an expected annual
increase in O&M cost above the annual inflation rate.

Note. For information on water consumption and other operation and maintenance costs
and requirements for concentrating solar power (CSP) systems, see the Troughnet
website: http://www.nrel.gov/csp/troughnet/power plant _systems.html. For information on
operation and maintenance costs for photovoltaic systems, see the California Energy
Commission's online Distributed Energy Resource guide
http://www.energy.ca.gov/distgen/economics/operation.html.

Entering year-by-year O&M costs

If your analysis assumes that O&M costs occur in specific years throughout the project life,
you can enter annual O&M costs on a year-by-year basis, either by typing values by hand, or
by importing them from an external spreadsheet. Solar Advisor adds these annual costs to
the costs you specify using the first year O&M variables on the cost page. Note that for cash
flow and other calculations, Solar Advisor will add other costs for that year to the O&M cost
that you enter. Solar Advisor calculates the other costs based on first year costs and the
inflation rate and any escalation rates.

To enter year-by-year operation and maintenance costs:

1. On the Costs page, right-click the First Year box for the O&M cost category for which
you want to specify year-by-year costs. Solar Advisor displays an Input Type window
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2. Inthe Input Type window, click Annual Schedule (nominal dollars).

3. For each year in which there is an O&M cost, type a value in nominal (or current)
dollars for that year.
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4. Click OK to return to the Costs page.

To import year-by-year operation and maintenance costs from an external
spreadsheet:

Note: Before using this procedure, you must create a workbook with a named range,
similar to the one described in Working with external workbooks and UDVs.

1. On the Costs page, right-click the First Year box for the O&M cost category for which you
want to specify year-by-year costs. Solar Advisor displays an Input Type window for the
variable.
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2. In the Input Type window, click Annual Schedule (Captured From - nominal dollars),
under Workbook, click J and in the Open window, double-click the workbook name.

3. In the Input Type window, under Named Range, select the Excel named range that
contains the annual O&M costs.
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4. Click OK to return to the Costs page.
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7 Working with Parametric Variables

Solar Advisor allows you to assign two or more values to almost any input variable in order to
perform a parametric study or sensitivity analysis. Solar Advisor calculates results using each
value of parametric variables so that you can see how changes in the value of one or more
input variables affect results.

e You create parametric variables in the Define Parametric window, which you can
open using the Define Parametrics command on the Case menu.

File ¥iew | Case Help

Wiew Dutput
Frogran Duplicate
Drelete
Techrody, Renarme
kel Define parametnics
o Adhvamced L]
HADOEC AN .

e The Define Parametrics window allows you to identify the input variables that you
want to use in the parametric analysis, assign values to the variables, and to define
relationships between the variables. You can use the window to create as simple or
as complex an analysis as is appropriate for your needs.

] Diefine Parametnc for Exa

3 - Combmnaticn

e

Independert Faiameine: Combmnalion Paiamelics
AoddVansble | |Loan Debl] Fracton Ak Vaiabis Combington Paramatcs £
Dekte Voot | [NMIMERNERIN || Dekte Vorcble
Bt Vabaes | Edit Combn
Dislste Comba
Lirkages
Linkags 2

Add W aniable:
Delebe Vansble

Edit Linkage

Dbt Livk s
WOTE: Linkages appl to all Independent Farametrics and Combination Parametics for this case

v O X Carcel

There are three types of parametric variables in Solar Advisor. Independent Parametrics
include parametric variables that are not associated with any other variables. In the example
shown above, the Loan (Debt) Fraction and Federal ITC Percent variables are assigned to
the independent parametrics group for an analysis that might investigate how changes in the
debt-equity ratio and Federal tax credit impact the levelized cost of energy when those two
variables are not related to each other. Assign parametric variables to the independent group
when your analysis includes a single parametric variable, or two or more parametric
variables that are not related to each other.

Combination Parametrics is a group of parametric variables that are related, but not
dependent on each other. Assign parametric variables to a combination parametrics group
when you want the parametric variables to appear on the same results graphs and tables. In
the figure above, Azimuth and Tilt are in Combination Parametricl to make it possible to
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7.1

plot a surface graph of system output versus array tilt and azimuth.

Linkages include parametric variables whose values are dependent on those of other
parametric variables. One member of each linkage group must also be a member of either
the independent parametrics group or of a combination parametrics group. In the figure
above, Location is linked to Tilt, which is also a member of Combination Parametricsl.
This variable assignment makes it possible to link array tilt values to particular locations
(climates) to model a range of systems in different locations whose array tilt angle is equal to
the location's latitude.

When you define the values of a parametric variable, you must define one of the values as
the base value. Solar Advisor displays results based on this value in the output summary
table on the Results Summary page, and resets sliders to this value when you click the
slider's Reset button. Solar Advisor indicates the base value of a parametric variable with an
asterisk and in bold font.

Overall steps for parametric analysis:
1. Define one or more parametric variables.
2. Run simulations.
3. Customize a graph or use sliders to view sensitivity analysis results.

This section walks you though five sensitivity analysis examples. You can step through the
procedures to familiarize yourself with the mechanics of the Define Parametrics window and
with the process of setting up custom graphs to view results from a parametric analysis.

The first four examples describe the cases in the sample file Parametrics Examples.sam and
cover the mechanics of setting up the four types of parametric variable groupings:
independent, independent with linkage, combination, and combination with linkage.

The fifth example is a description of a CSP_parametric analysis in Standard CSP
Systems.sam and illustrates the relationship in a concentrating solar power system between
the solar multiple, hours of thermal energy storage, and the levelized cost of energy.

To familiarize yourself with parametric variables, you can either follow the instructions for the
procedures in each example below to create your own file, or open the sample file and
review the inputs as you read.

Example 1: Independent parametric

This example illustrates the use of the independent parametric group. The independent
group is useful for analysis that includes either a single parametric variable, or two or more
parametric variables that are not related to each other.

Does the rule of thumb for optimal photovoltaic array orientation "due south at latitude tilt"
apply to a residential photovoltaic system in Boulder, Colorado? To answer this question, we
will define Tilt as an independent parametric variable and assign it a range of values. Solar
Advisor will calculate a the complete set of results for the system using each array tilt angle
value. To answer the question, we will examine graphs of annual output and LCOE to find
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the optimal array orientation.

Note. The following procedure begins with the sample file Standard PV Systems.sam,
and walks through the process of setting up an independent parametric group, running
SAM, and then examining graphs of the results. The first case in the sample file
Parametrics Examples.sam is a complete analysis based on this example.

Define Tilt as an independent parametric variable:

1. Open Standard PV Systems.sam. The file should be in the Solar Advisor Samples
folder, which is C:\SAM\Samples by default.

2. On the File menu, click Save As and choose a name for the file, such as Parametric
Examples A.sam.

3. Rename the residential case: right-click the Residential Flat Plate System tab, click
Rename on the shortcut menu, and type "Example 1 - Independent Parametric" in
the Rename Case window.
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4. Delete the remaining cases in the file: right-click each tab and click Delete on the
shortcut menu.

When you finish deleting the cases, the file should contain a single case. Deleting the
other cases will make your file less cluttered as you add more cases.

5. On the Climate page, choose CO Boulder.tm2 in the Location list.
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Notice that the View Results button turned red and changed to Run Analysis,
indicating that you changed the value of an input variable.

6. On the Case menu, click Define parametrics to open the Define Parametric window.

7. In the Define Parametric window, under Independent Parametrics, click Add

Solar Advisor Model 2.0



74

Solar Advisor Model User Guide

8.

Variable.

In the Add Variable window, scroll to the Array section of the list and click Tilt to
define it as a parametric variable.
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The Add Variable window displays a list of all Solar Advisor variables that you can define
as parametric variables. The variables are grouped into the same categories that appear
on the main window's Navigation menu.

9. Click OK to return to the Define Parametric window.

10. In the Define Parametric window, under Independent Parametrics, Click Edit
Values. The Tilt box should have a green background indicating that it is active.

11. In the Edit Variable window, under Specify Range, type the numbers 0 in Minimum,
10 in Increment, and 6 in # of Intervals.

12. Click Update Values.
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Solar Advisor displays a list of the values that you have assigned to the parametric
variable in the table under Enter Values. In this case, the minimum value of the tilt
variable is 0, and there are seven values ranging from 0 to 60 degrees in increasing
increments of 10 degrees.

Tip. You can also enter values for the parametric variable by hand by clicking a row in the
table under Enter Values, pressing the Insert key, and typing values directly in the table.
You can delete values from the list by selecting the value and pressing the Delete key.

13. In the Edit Variable window, in the table under Enter Values, click the box next to the
value 40. An asterisk will appear in the box indicating that 40 degrees is the base
value of the parametric variable.

£ Define Pasarnetric for Residentisl Flat Flate System =t

Iredapasrudioni Paramelics: Combination Parameincs

| | Echit Variabile Tilt for

Debetall =0y e
Click the bow nest to the

= nurmber 40 ta zet it as the
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Although parametric variables have a range of values, only a single value, the
variable's base value, is displayed in boxes on the data input pages.

15. Click OK to close the Edit VVariable window, and again to close the Define Parametric
window. On the Array page, notice that Solar Advisor displays the Tilt box with a
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brown background, indicating that it is a parametric variable. The Array box in the
navigation menu also appears with a brown background, indicating that the Array
page contains one or more parametric variables.
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Tip. You can define and edit parametric variables by either clicking Define parametrics on
the Case menu, as we did in the steps above, or by right-clicking a variable name and

clicking Parametrics E in the Input Type window.

So far, we have defined a single parametric variable, Tilt, and assigned it seven values
ranging from 0 to 60 degrees in increments of 10 degrees. We defined the base value to be
40 degrees. In Solar Advisor, a tilt of zero degrees represents a horizontal array. A tilt of
ninety degrees would be vertical.

Run the simulation and view results

1.
2.

Click Run Analysis.

If the Inverter Size Issue window appears, click Run All. The message indicates that
the inverter's rated capacity is slightly less than the array's rated capacity, which for
the purposes of this exercise, is not a problem.

In the Information window, note that the number of TRNSYS simulations is equal to
the number of values we assigned to tilt. Solar Advisor will perform a complete
simulation for each tilt value.

Click Yes to start the simulations.

After running a simulation for each tilt value, Solar Advisor displays the Results
Summary page. Note that the LCOE and other metrics that appear in the Base
column of the Output summary table are calculated using the base value of each
parametric variable. In this case, we set the base value of Tilt to 40 degrees, so the
LCOE and other metrics reflect that value. The cash flow and other results in the
project summary (Project summary on the View menu) also reflect the parametric
variable's base value.

Because we defined Tilt as a parametric variable, Solar Advisor creates a set of new
standard graphs in the Graphs list. The new graphs are Annual Output vs Tilt, LCOE
vs Tilt, and Cost stacked bar vs Tilt.

In the Graphs list on the Results Summary page, click *LCOE vs Tilt.

Save the file.
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The results of this parametric analysis show that given the assumptions for this project, an
array tilt of 40 degrees (from the horizontal) results in the highest system annual output in
kwh for tilt values of between 0 and 60 degrees. Thus, the optimal value of tilt is 40 degrees,
which is what the rule of thumb suggests for Boulder, whose latitude is approximately 40
degrees north.

Note: You can also use sliders to examine the impact of Tilt on different results. For
example, you could add a slider for the tilt variable to the Cashflow graph to explore how
changes in the array tilt affect the cash flow. See Creating and using graph sliders for a
description of sliders.

Example 2: Independent parametric with
linkage

This example illustrates the use of the linkage parametric group, which is useful for
parametric analyses involving one or more variables whose value depends on that of other
variables. This example also demonstrates how to define a non-numeric variable as a
parametric variable.

What would the annual output of a residential photovoltaic system be in different locations,
assuming that the array tilt angle for each location is equal to the location's latitude? To
answer the question, we will compare the annual output of a system for three locations by
linking the numeric variable Tilt, expressed in degrees, with the text variable, Location,
expressed as a place name.

Note. If you did not follow the procedure in Example 1: Independent Parametric, you can
start with the file Parametrics Examples.sam, which should be in the Solar Advisor folder
(C:\SAM\Samples by default).
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Link the independent parametric variable Tilt to Climate:

1.

Open the file that you created in Example 1 (or the sample file Parametrics
Examples.sam).

Create a copy of the Example 1 - Independent case: right-click the Residential Flat
Plate System tab, click Duplicate on the shortcut menu.

File Vewew ©Case FResults Help

Surmmany

Frogram Duglicate
Technokagy |Pl'umwaa-t$ Delete

Rename
P arkont Aeadential

Define parametrics

Appicston |Electiciy
Advanced

Rename the new case to "Example 2 - Independent with Linkage" Right-click the
case tab and click Rename on the shortcut menu.

On the Case menu, click Define parametrics to open the Define Parametric window.

On the Array page, right-click the Tilt variable box.

In the Tilt Input Type window click Parametrics il
In the Define Parametric window, under Linkages, click Add Variable.

In the Add Variable window, click Tilt and Location. (Scroll up to the Climate section
to find the Location variable.)
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Click OK to return to the Define Parametric window.

The Climate and Tilt variable names should appear in the Linkage 1 box, and all four
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buttons (Add Variable, Delete Variable, Edit Linkage, Delete Linkage) should be
active.

HOTE: Linkages apph o ol Indepandert Paiameinics and Combanaton Parametscs lor this case.

[ v

10. Click Edit Linkage to open the Edit Linked Group window.

lewl

"#

Notice that the climate variable values appear in the Edit Linked Group window in
drop-down boxes because they are non-numeric values. Solar Advisor has assigned
CO Boulder.tm2 to each of the seven Module Tilt values that we created in Example
1 because we have not yet assigned values to the Climate variable.

For this example, we are going to use only three locations, Boulder, Seattle, and
Newark.

11. Use the arrow in each of the first three rows of Location column, to select CO

Solar Advisor Model 2.0



80 Solar Advisor Model User Guide

Boulder.tm2, WA Seattle.tm2, and NJ Newark.tm2.

12. Type a new value in the Tilt column for each location: CO Boulder 40, WA Seattle 48,
and NJ Newark 41. Set CO Boulder as the base value.

13. Use the Delete key to delete the remaining rows. You may need to delete each cell in
the table individually. If necessary, you can use the Insert key to add a row.
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14. Click OK to close all of the parametric windows and return to the Array page.

So far, we have defined a linked parametric group, and assigned it two variables, Location
and Tilt. The Location variable is also defined as an independent parametric variable. In the
next procedure, we will run the simulation to create a set of results for each of the values.

Run the simulation and view results:

1. Click Run Analysis.

2. If the Inverter Size Issue window appears, click Run All. The message indicates that
the inverter's rated capacity is slightly less than the array's rated capacity, which for
the purposes of this exercise, is not a problem.

3. In the Information window, note that the number of TRNSYS simulations is equal to
the number of linked parametric variables. Solar Advisor will perform a complete
simulation for each of the three locations we specified.

4. Click Yes to start the simulations. When Solar Advisor finishes calculations, the
Results Summary page appears.

5. Inthe Graphs list, click *Annual Output Vs Location.

6. Save the file.
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The graph shows the annual output predicted for the three locations at tilt equals latitude.

Notes: You can also use sliders to examine results for the three locations. For example,
you could add a slider for the Location variable to the Cashflow graph to explore the cash
flow for each location. See Creating and using graph sliders for a description of sliders.

7.3 Example 3: Combination parametric

This example illustrates the use of the combination parametric group, which is useful for
parametric analyses involving related variables that you want to appear in a single graph, but
whose values are not dependent on each other.

In Example 1: independent parametric, we found that for Boulder, Colorado, the array tilt
suggested by the photovoltaic system design rule of thumb "due south at latitude tilt" is
correct. Is the due south array azimuth suggestion also correct for Boulder? To find out, we
will define a combination parametric group that contains the both the Tilt and Azimuth
variables. Adding Tilt and Azimuth to a combination group will allow us to create a contour
graph of system output versus tilt and azimuth. We can then use the graph to find the values
of both tilt and azimuth that result in the highest annual system output.

Define Tilt and Azimuth as combination parametric variables:

1. Open Standard PV Systems.sam. The file should be in the Solar Advisor Sample
folder, which is C:\SAM\Samples by default.

2. On the File menu, click Save As and choose a name for the file, such as Parametric
Examples B.sam.

3. Rename the residential case: right-click the Residential Flat Plate System tab, click
Rename on the shortcut menu, and type "Example 3 - Array Orientation" in the
Rename Case window.
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4. Delete the remaining cases to reduce clutter in your file by right-clicking each case's
tab and clicking Delete on the shortcut menu.

5. On the Climate page, change the location to CO Boulder.tm2.
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6. On the Array page, right-click the variable box for Tilt.

7. Inthe Tilt Input Type window click Parametrics 31

8. In the Define Parametric window, under Combination Parametrics, click Add
Variable.

9. In the Add Variable window, scroll to the Array section and click both Azimuth and
Tilt to define them as a parametric variables.
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Click OK to return to the Define Parametric window. Notice that the tilt and azimuth
variables appear in the Combination Parametrics1 box. Solar Advisor created a
second box named Combination Parametrics2 to allow for additional parametric
groups.

In the Define Parametric window, click Edit Combo to display the Edit Group
window. The CombinationParametricsl box should have a green background
indicating that it is active.

In the Edit Group window, under Azimuth, click Edit Values to open the Edit
Variable window. The window displays the current values of each variable.

In the Edit Variable window, under Specify Range, type -30 for Minimum, 10 for
Increment and 6 for # of Intervals, and click Update Values.

Solar Advisor displays a list of the values that you assigned to the parametric
variable in the table under Enter Values. In this case, the minimum value of the
azimuth is -30 degrees, with seven values ranging from -30 to +30 degrees in
increasing increments of 10 degrees.

In the Edit Variable window, in the table under Enter Values, scroll to the row
containing the value 0, and click the box next to the value. An asterisk will appear in
the box indicating that 0, or due south, is the base value of the azimuth parametric
variable.
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15. Click OK to return to the Edit Group window.

16. In the Edit Group window, under Tilt, click Edit Values and specify a range with a
minimum of 0, increment of 10 and number of intervals of 6.

17. Set 40 as the base case. Boulder's latitude is approximately 40 degrees North.

Update Vabaes | ¥ Of | X Cocdl |

18. Click OK to return to the Edit Group Window. Solar Advisor displays the azimuth and
tilt variables and their values side by side so that you can quickly check their values.
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Tip. In this example, using the same number of values for the two variables will help the
appearance of the graph we will create later by ensuring that the tilt and azimuth axes
have the same number of ticks. When deciding on a number of values to use for
Combination Parametrics, keep in mind the graph's appearance.

19. Click OK to close the parametric variable windows and return to the Array page. On
the Array page, notice that the tilt and azimuth variable boxes appear with brown
backgrounds, indicating that they are parametric variables. The Array box in the
navigation menu also appears with a brown background, indicating that the Array
page contains one or more parametric variables.
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Tip. You can define and edit parametric variables by either using the Define parametrics
command on the Case menu, as we did in the steps above, or by right-clicking a variable

name and clicking Parametrics E in the Input Type window.

20. Save the file.

Run the simulation and view results:
1. Click Run Analysis.

2. If the Inverter Size Issue window appears, click Run All. The message indicates that
the inverter's rated capacity is slightly less than the array's rated capacity, which for
the purposes of this exercise, is not a problem.
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Solar Advisor displays an Information window telling you the number of TRNSYS
simulations and approximate time the analysis will take, in this case 49 simulations.
Because we assigned seven values each to azimuth and tilt, the analysis requires 7
x 7 = 49 simulations Solar Advisor will perform a complete simulation for each
combination of tilt and azimuth we specified.

Click Yes to start the simulations. When Solar Advisor finishes calculations, the
Results Summary page appears.

When the results are complete, save the file.

After running the simulations, Solar Advisor displays the Results Summary page.
Solar Advisor calculates values that appear in the results summary table using the
base value of each parametric variable in the analysis. In this case, we set the base
value of the array tilt variable to 40 degrees and of the array azimuth to O degrees, so
the LCOE and other metrics in the table reflect a system with an array at latitude tilt
pointing due south. The cash flow, time series data, and other results in the project
summary (Project summary on the View menu) all reflect the parametric variable's
base value.

In order to view the impact of array orientation on system output, we will create a
contour graph of system output versus tilt and azimuth.

On the Results Summary page, click Add to open the Graph Info window.

Graphe [*Areud Output - | | nddwi\] |

In the Graph Info window, type "Array Orientation" in the Name box, select Contour
in Graph Type, Azimuth in X Values, Annual Output (kWh) in ZValues, and Tilt in
YValues.

-Gra ph Info - I&I
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Graph Type ||:|:|nt|:|ur

W alues |.-’-‘-.2imuth
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Click OK to create the graph.

Solar Advisor makes the calculations necessary to display the custom graph and
then displays it on the main window. The custom graph name also appears in the list
of graphs.
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10. Check Legend under the graph to display a color key on the graph. You can right
click the graph to copy an image of the graph to the clipboard for use in other
applications.

11. Save the file

Graphs |4rray Orientation | Edi | Add | Delete | Sliders
60
Eg Annual OQutput (KVWh)
50 W 7.020.621
B 5,887.642
45 M 5,754 664
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15
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5
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[ ShowMNotes v Autoscale v Legend 3] Send ToExcel

As you can see on the contour graph (and in the table under the graph), the orientation that
results in the highest annual output is a tilt of 40 degrees and azimuth of -10 degrees. Note
that the optimal azimuth is ten degrees east of south, not due south as the rule of thumb
suggests. This may be due to late afternoon effects of sun setting over mountains and
summer afternoon thunderstorms. The optimal tilt, on the other hand, is about 40 degrees
north, approximately the latitude of Boulder, Colorado, and consistent with the rule of thumb.
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7.4

Example 4: Combination parametric with
linkage

This example illustrates the use of both a combination parametric group and a linked group,
which is useful when variables in a combination group that you want to appear in a single
graph are also related to other variables.

What is the optimal array orientation for three different locations? In Example 3, we assigned
the azimuth and tilt variables to a combination parametric group to plot system output versus
tilt and azimuth on a contour graph. The graph showed that the optimal array tilt angle for the
residential photovoltaic project in Boulder, Colorado was what we expected, 40 degrees
north, close to Boulder's latitude. The optimal azimuth for Boulder, on the other hand, was
about 10 degrees east of south, not the standard due south. Because the rule of thumb
"array tilt equals latitude" was valid for Boulder, we assume in this exercise that it is also true
for all three locations. In this example, we will use the same combination group of azimuth
ant tilt, and link the tilt variable to location, which will allow us to plot a graph of array output
for a range of azimuth variables for each of the three locations on a single graph.

When you perform a parametric analysis with more than one variable, the number of
calculations can become very large. In Example 3, Solar Advisor performed 49 simulations
for each combination of 7 azimuth values and 7 tilt values. If we were to repeat that analysis
for three locations instead of one, the number of calculations increases to 147 (49
combinations times three locations). Some analyses with larger numbers of variables and
parametric values simulation run times can become impractically long. Linking related
parametric variables can help minimize run times by avoiding unnecessary simulations. In
this example, by linking the location variable to the latitude variable, Solar Advisor only
simulates combinations of tilt and latitude values that make sense (assuming that we only
want to simulate systems whose array tilt angle equals the location's latitude). For example,
linking tilt to location will ensure that Solar Advisor does not run a simulation using Seattle's
radiation data and Boulder's 40 degree latitude for the array tilt.

Define Location and Tilt as linked parametric variables:

1. Open the file that you created in Example 3 and create a copy of the Example 3 -
Combination case. To create a copy of the Example 3 - Combination case, right-click
the tab and then click Duplicate on the shortcut menu.

If you did not follow the procedure in Example 3, you can start with the same case in
the file Parametrics Examples.sam, which should be in the Solar Advisor folder (
C:\SAM by default).

2. Rename the new case to "Example 4 - Combination with Linkage." (Right-click the
case's tab and click Rename on the shortcut menu.)

3. Onthe Case menu, click Define Parametrics. The Define Parametric window should
appear with the variables Azimuth and Tilt in the Combination Parametrics1 box.

June 2008



Example 4: Combination parametric with linkage 89

[E3 Define Parametic for Example 4 - Comibmnation with Linkage
Indspandent Faiamelnes Combenation Pasamelics

st vaistie | [ Akt sl Conbinghon Perametics 2
Azimuth
Delete Vaiat | Dielete Varisble | M TH

I [Ech Comba I

Delste Combo

Link ages

Add Vaniable I
MOTE: Linksges apply bo all Independant Parametrics snd Combinstion Parsmetics for this case.

(v ox | % caesl |

4. Under Combination Parametrics, select Tilt and click Delete Variable.

Combination Faiamelics 2

5. Under Combination Parametrics, click Add Variable and in the Add Variable
window, click Location.

6. Click OK to return to the Define Parametric window. Azimuth and Location appear in
the Combination Parametrics1 box.

 Combinaton Parametacs:

Addv Combination Faramsiics 2
DH&M'\" Ln:.:lm
Eﬂ:E

7. Under Linkages, click Add Variable.

8. In the Add Variable Window, click Location and Tilt. (Scroll down to the Array
section to find the Tilt variable).

9. The Location and Tilt variable names should appear in the Linkage 1 box.
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10. Click Edit Linkage to open the Edit Linked Group window.

Notice that the Location variable values appear in the Edit Linked Group window in
drop-down boxes because they are non-numeric values. Solar Advisor has assigned
CO Boulder.tm2 to each of the Module Tilt values that we created in Example 3
because we have not yet assigned values to the Location variable.

11. Assign the following values to the Location and Module Tilt variables: Boulder 40,
Los Angeles 34, and Newark 41 and delete the remaining rows so that only three
rows appear in the table. Set Boulder as the base value. Select location names from
the drop-down lists, and use the Delete and Insert keys to delete and insert rows.

[ Edit Linked Group 0l ]
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12. Click OK to return to the Define Parametric window, and again to return to the main
window.

Create a custom clustered bar graph to display the results:

1. On the Results Summary page, in Graphs, click *Annual Output vs Location. in the
Add to open the Graph Info window.

["Brrassl Qutpes P

LLOE [nomna] stacked bae
*L;QUE [rsrarad] :lgﬂ'}-r\dha'-fs A.la:m,lh =

2. Click Add to open the Graph Info window.

3. In the Graph Info window, type "Array Orientation vs Location" in the Name box, in
Graph Type click Bar, in X Values click Location, in YValues click Annual Output,
and in Parameterl click Azimuth.
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4. Click OK to create the new graph.

Solar Advisor makes the calculations necessary to display the custom graph and
then displays it on the main window.
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5. The legend displays the Azimuth value for each bar color: the dark green bar is for

-30 degrees, or 30 degrees east of south. The red bar is for 30 degrees west of
south, and the light green bar is for zero degrees, or due south.

Tip. If the location labels do not appear on the graph, try resizing the main window to
enlarge the graph. You can also clear the Legend check box below the graph to hide the
legend and make more room for the graph.

The graph shows that the optimal array azimuth (in terms of total annual output) is
different for each city. You can use the graph's advanced properties to change the
y-axis scale to see the differences more clearly.
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6. Double-click the graph to display the chart editing window.
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7. Inthe navigation tree, under Axis, click Left Axis, and on the Scales tab, change the
minimum value from 0 to 5500.
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Tip. You can change other properties of the graph in the chart editing window. For
example, to display the legend below the graph, in the navigation tree, click Legend and
on the Position tab, click Bottom.

8. Click OK to return to the chart editing window, and click Close to return to the Results

Summary page.

9. Save the file.
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From the clustered bar graphs, you can tell which array azimuth provides the maximum
annual output for each location. For Boulder, which is located just east of the Rocky
Mountain foothills, where mountains and thunder clouds to the west often shade the city in
the late afternoon, the optimal array orientation is away from the mountains: -10 degrees, or
10 degrees east of south, represented by the yellow bar. For Los Angeles, located on the
Pacific coast and exposed to frequent morning fog, orienting the array to maximize exposure
to the afternoon sun maximizes system output: the optimal orientation is 10 degrees west of
south, represented by the orange bar. For Newark, the optimal array orientation is zero
degrees, or due south, represented by the light green bar. The graphs also show that the
difference in output for array orientations between ten degrees west of south and ten
degrees east of south is relatively small.

Example 5: Review the CSP parametric
analysis

This section describes the fourth case in the file Standard CSP Systems.sam, 100 MW
Baseline - Parameterized Storage. The case illustrates how the variations in the Solar
Multiple variable and the number of hours of thermal energy storage affect the system's
levelized cost of energy. For a description of the variables used for this analysis, see the
Solar Field page and Storage page descriptions. If you are not familiar with Solar Advisor's

parametric variables, you may want to read the Sensitivity analysis: Working with parametric

variables. Examples 1 through 4 above describe the details of working with parametric

variables, this example describes the analysis of the Concentrating Solar Power (CSP)
system solar multiple and hours of thermal electric storage.

For a CSP trough system with no storage, the optimal levelized cost of energy typically
occurs at a solar multiple of between 1.4 and 1.5. Because a trough system only operates at
its design point (solar multiple of one) for a very few hours of the year, over-sizing a system
(solar multiple greater than one) allows the system to operate closer to the design point for
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more hours of the year, which results in a reduction in the average levelized cost of energy.
However, there is a trade-off between the increased cost of the larger system and the
increased electric energy output that it produces: As the size increases beyond a certain
point, the higher cost outweighs the benefit of the higher electricity output. This analysis
investigates where that point occurs for systems with different amounts of storage capacity.

Note that an analysis for such a plant design should account for any energy that might be
dumped during periods when the solar field produces more energy than the power block
requires. Typically, as long as the amount of dumped energy is less than about 10-15% of
the new energy resulting from the oversized system, you can reduce the LCOE by increasing
solar field size.

To review the CSP parametric analysis on solar multiple and thermal energy storage:
1. Open the file Standard CSP Systems.sam.
2. Click the 100 MW Baseline - Parameterized Storage tab.

3. On the Case menu, click Define Parametrics to open the Define Parametrics
window.

4. Under Combination Parametrics, click Edit Combo to open the Edit Group window.

Combiration Paiamehics:
A Varishis I Comitsnation Fsametics 2
Equrv. Full Load Houas ¢

Delsbe S siisbls Siolar Midsphs

[Dislsta Comisa

Solar Advisor displays a list of values for each of the parametric variables. The Solar
Multiple values range from 1 to 3.5 in increments of 0.25. The Equiv. Full Load Hours
of TES values range from 0 to 12 in increments of 3.
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5. Solar Advisor must simulate one system for each combination of values for the two
variables. In this case, 11 values x 5 values = 55 simulations.
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Note that the base value of each variable appears in bold. Although parametric
variables have a range of values, only a single value, the variable's base value, is
displayed in boxes on the data pages.

6. Click Cancel to return to the Define Parametric window.

7. Under Linkages, click Edit Linkage to open the Edit Linked Group window.
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8. The Equivalent Full Load Hours of TES and Tank Heat Loss variables are linked, so
Solar Advisor will only simulate systems using values of each of the two variables
that are in the same row. For example, for 0 hours of storage, Solar Advisor will use
0 for the tank heat loss. For 3 hours of storage, the tank heat loss will be 0.62, etc.

9. Click Cancel to return to the Define Parametric window.
10. In the Define Parametric window, click Cancel to return to the main window.

11. On the Results Summary page, select the Parametric Storage Results graph if it is
not already visible.

Edit ‘ Add | Delele‘ Sllde|s|

*ginnual Dutput
*Cashilow

“LCOE [haminal]
“LCOE stacl

stacked bar
.., I—
ults | 3

Solar Advisor displays a graph of the real levelized cost of energy versus the Solar Multiple.
Each line in the graph represents a number of hours of thermal energy storage from the list
we saw in the list of parametric values for the Equivalent Full Load Hours of TES variable (0,
3, 6, 9, and 12 hours of storage). Because the hours of storage variable is linked to the tank
heat loss variable, each line also represents a tank heat loss value. We saw those values in
the Edit Linked Group window: 0, 0.62, 0.96, 1.23, 1.56.
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For the no storage case (the dark green line, zero hours of storage), the lowest levelized cost
of energy occurs at a solar multiple of 1.5. The solar multiple represents the area of the solar
field. An increase in the solar multiple results in a larger solar field (and thus higher
area-dependent installation costs), but also in a higher electrical energy output. The
interaction of these factors causes the levelized cost of energy to decrease as the solar
multiple increases from 1, but at some point (1.5 in the no storage case), the cost increase
overwhelms the benefit of the increased electric energy output, and the levelized cost of
energy begins to increase with the solar multiple.
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8 Working with External Workbooks
and UDVs

You can connect any input variable in Solar Advisor to a named cell a Microsoft Excel
workbook. This feature allows you to use external spreadsheet-based cost and performance
models to generate values for Solar Advisor input variables. Because Solar Advisor can both
import values from workbooks and export values to them, you can use the result of a
spreadsheet calculation as the value of one input variable that depends on the value of other
input variables. UDVs are user-defined input variables that can also share values with
external workbooks.

This chapter uses an example to describe how to prepare an Excel workbook to share data
with Solar Advisor, set up input variables in Solar Advisor to send and receive values from
Excel, and define user-defined variables. The chapter uses examples that require the
samples file Standard PV Systems.sam, and User Guide Workbook Example.xls, which are
copied to the Solar Advisor folder when you install the software.

8.1 Overview

A CapturedFrom variable is an input variable whose value Solar Advisor imports from a cell
in an external workbook. A Captured From variable is indicated in the Solar Advisor user
interface by a text box with a yellow background.

A SentTo variable is an input variable whose value Solar Advisor exports to a named cell in
a workbook. You can view a list of Sent To variables in the current case by clicking SentTo
variables on the View menu.

A UDV, or user-defined variable, is a variable that you can create to store values in Solar
Advisor and to enhance analyses involving external spreadsheets. Solar Advisor allows you
to create one or more user-defined variables on each input page. The software stores values
of user-defined variables but does not use them in any internal calculations. You can connect
user-defined variables, like other input variables, to external spreadsheets. For example, you
could use a user-defined variable connected to an external spreadsheet to convert units of
input variables. You could also use user-defined variables to pass values between an
external spreadsheet-based cost or performance model and Solar Advisor.

Keep the following points in mind when working with external workbooks and user-defined
variables:

e When Solar Advisor calculates results, it keeps a copy of the spreadsheet open in the
background and actively exports and imports values during calculations. If a Solar Advisor
calculation changes the value of a Sent To variable and Excel uses the value of that Sent
To variable to calculate a Captured From variable's value, Solar Advisor will display results
based on the correct value of the Captured From variable.

e Solar Advisor uses the folder Workbooks to store external spreadsheets. Before
connecting Solar Advisor to an external spreadsheet, place a copy of the spreadsheet in
the Workbooks folder. The folder is located in the Solar Advisor folder, which by default is
C:\SAM.

e Sent To and Captured From variables can not be defined as parametric variables.

o User-defined variables (UDV) can also be defined as parametric variables.

e Solar Advisor can only work with Microsoft Excel Workbooks, not with spreadsheets
created by other programs.

o Before using Excel to edit values or formulas in a workbook that is connected to Solar
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8.2

Advisor, close Solar Advisor.

One simple application for an external workbook is to convert units of an input variable. For
example, Solar Advisor requires you to enter fixed operation and maintenance (O&M) costs
on the Costs page as a function of system capacity in dollars per kilowatt per year, and
variable O&M costs as a function of annual system production in dollars per kilowatt-hour. In
the solar power literature, O&M cost estimates are sometimes given as a percentage of total
installed costs per year. In the following procedures, we will use Excel to calculate a value for
the fixed O&M input variable using a user-defined variable to store the percentage of
installed costs value, and the two input variables for array size and total installed costs.

The following procedures describe how to link Solar Advisor to an Excel workbook using the
Standard PV Systems.sam sample file and a simple spreadsheet included with in the
software's installation package. You can either follow the steps to create your own file, or
open the sample file Workbook Example.sam, which contains a set of defined Sent To,
Captured From, and user-defined variables that you can use for reference. The overall steps
are:

A. Review the external workbook.

B. Define the Captured From variable (import values to Solar Advisor from an external
spreadsheet)

C. Create a UDV (user-defined variable)

D. Define the Sent To variables (export values to an external spreadsheet from Solar

Advisor)

A. Review the external workbook

To review the external workbook:

1. Close Solar Advisor if it is running. In Excel, open the workbook User Guide
Workbook Example.xls. The workbook is located in Solar Advisor's Workbooks folder
(C:\SAM\Workbooks by default).

| A | B ] C | D | E

L

2 s

] 1

¢ 1

5 1

Solar Advisor

6 | input page Value Units
(| Sent To

B | D&M as percent of tetal cost Costs (UDV) 1 %
8| Array Power Array 4 EW
10 | Total Installed Costs Costs $16,000 ]
11
f Captured From

13| D&M Fixed {per capacity) [  Costs | 40 | SkW-yr

Cells D8, D9, and D10 are Sent To variables, or variables whose values Solar
Advisor will export to the spreadsheet. Cell D13 is a Captured From variable, whose
value Solar Advisor will import from the spreadsheet.

Note that the four cells have named ranges. For example, Cell D9 is named
Array_Power.
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Solar Advisor

6 | input page Value Units
7 Sent To
8| O&M as percent of tolal cost Costs (UDV) [ER] %
8| Amay Power Amnay 4 KW
o Total installed Costs Costs §16,000 §

11

13 Captured From
13| O&M Fixed (per capacity) [ Costs | 40 | SkWer
14 |

This simple spreadsheet uses the formula in Cell D13 to convert an O&M cost
expressed as a percentage of the total installed cost to the fixed O&M cost
expressed in dollars per kilowatt-year that Solar Advisor requires. To make the
conversion, the spreadsheet formula requires the O&M as a percentage of total cost,
which is not an input variable in Solar Advisor. In the next steps, we will create a
user-defined variable to store that value. The other two values required by the
formula, array power and total installed costs, are Solar Advisor input variables.

Close Microsoft Excel. If you made any changes to the workbook, do not save the
changes.

8.3 B. Define the Captured From variable

To define the Captured From variable (import values to Solar Advisor from an external
spreadsheet):

1.

Open Standard PV Systems.sam. The files is located in Solar Advisor's sample file
folder (C:\SAM\Samples by default).

On the Residential case's Costs page, right-click the input box for the Fixed(per
capacity) variable. (The value in the screenshots below may be different from the
value on your screen.)

Operation and Mailenance Cosils

Fuat Ve Escalshon Rate”
Foarc o o) ERERERENENE ¢+ %
Feed ipes capacity)| 50 $hwa | 0%

Vsl [par production]| W ganeh | 0%
* s inflation

Solar Advisor displays the Input Type window.
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™ Annual Schedus ICaphed From - rominal dolacs] | =] = »
1 F] 3 4 5 3 7 ] g 10
] ] ] 0 ] ] 0 0 ]
Sent T
[aorkbionie [ Hamed Fange
v 0k | X Caeal |

4. In the Input Type window, click Captured From, under Workbook, click _| and
double-click the workbook name User Guide Workbook Example.xIs.

5. In the Input Type window, click the Named Range arrow and select
Fixed_per_Capacity. Note that all named ranges in the workbook appear in the
Named Range list.

It Type:
™ Uper-Gpeciied 7az
Wtk book M s Fiargs
& Caphued From [CASAMOWakbosks —| [Foed por Capacty =] 3] | 40

I Busarie W]

6. Solar Advisor displays the value from the workbook in the box with a yellow
background.

If want to view the workbook, you can click the E button next to named range. If
you do so, do not change any values or formulas in the workbook while Solar Advisor
is open. If you want to edit a connected workbook, close Solar Advisor, and then
open the workbook in Excel.

7. Click OK to return to the main window. Solar Advisor displays the Captured From
variable with a yellow background to indicate that it is connected to an external
workbook.
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Cparalion and Mailenance Cosrs
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C. Create a UDV

To create a UDV (user-defined variable):
1. On the Residential case's Costs page, click Add UDV.

2. In UDV window, under User Defined Variable, for Label, type "OM per Installed
Cost", and for Units, type "%". Use only letters, spaces, hyphens, or underscores for
variable names. (Avoid using the ampersand character, &.)

3. Under Sent To, select the workbook User Guide Workbook Example.xls, and
under Named Range select Percent_Installed_Costs.

0 T o=
Usse D elived ' asmabie

Labal |00 peor |rrtalied Cozt
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Input Type
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I SAMRW orkbooks Wser Guids Wokbook, E wample. sls == | Pepgert_|rtalled Cosis

-
-
-
-
-
-
-
-
-

Deeti LDV v 0% | X Caeal |

4. Click OK to return to the Costs page. Solar Advisor displays the user-defined variable
at the bottom of the page.

Add LIDV Liser Oefimed’ Varrabies

08 ey
Instabed Cost |0 k=
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|Tip. To edit the properties of the UDV, right-click the variable.

8.5 D. Define the Sent To variables

To define the Sent To variables (export values to an external spreadsheet from Solar
Advisor):

1. On the Residential case's Array page, right-click Array Power to open the Sent To
window.

2. Under Sent To, select the workbook User Guide Workbook Example.xls, and
select the Named Range Array_Power.

B oy power o i)
Sanl Ta
ahork bk Hamed Rangs

A b = T

[wl
514141444454

o | X

3. Click OK to return to the Array page.

4. Use the same procedure on the Costs page to define Total Installed Costs as a
Sent To variable for the workbook's Installed_Costs named range.

Ernetons N -

Sanl Ta
[tk [Mained Rangs |
1WA orkbook s \Use Guide 'Wokbook E kample, di == | Inghaded_Cits

A4 4|4 |4|4 4]|4|4|4

v 0 | X coea |

Tip. You can send the value of a single Solar Advisor input variable to more than one cell
in either a single workbook or different workbooks. To send the value to additional cells,
add a row for each cell to the table in the Sent To window and select the workbook name
and named range.
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5. Click OK to return to the main window.

6. On the View menu, click SentTo variables and CapturedFrom variables to display
lists of the variables that are connected to the workbook.

# C-\SAM_beta\Samples\Workbook Example.sam

Bl oot e logend
F- Par armeinic vanables
W SentTo wanables
A w CaptunedFrom varables

User-defined variables
~ Project purmmany
Teche liﬁ AscE OM pet Installed Cioat

Harket [Roadenia
dopkcoion Gy
Emvranment

Chrnabe ﬁﬁm

Uity Fares  [FtRabe
Fancisly  |Feadential - Mordgage

Incertnes ITC.CH

Londs Lirider Dhewelopment b

You can double click a variable name in either the SentTo or CapturedFrom window
to open the page that contains the variable.

You have now defined a set of variables that interact with the Excel workbook. When
you change a variable's value in Solar Advisor that affects one of the Sent To
variable's values or change the value of the UDV and click the Run button, Solar
Advisor recalculates the value of the O&M variable Fixed (per capacity) and displays
it on the Costs page.

7. On the Costs page, type "2" for the UDV OM per Installed Cost. Solar Advisor uses
the spreadsheet to recalculate the value of Fixed (per capacity). You may need to
switch to a different page, for example the BOS page, and then switch back to the
cost page to see the recalculated value.

8.6 Managing UDVs, Sent To and Captured
From Variables

Editing, deleting and disabling UDVs, Sent To and Captured From variables:

e You can edit a UDV, Sent To or Captured From variable by right-clicking the variable's
box.

e To delete a UDV, right-click the UDV's box to open the UDV window, and click Delete
UDV in the bottom right corner of the window.
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To disable a Captured From variable and preserve the connection between Solar Advisor
and the external workbook, right-click the variable hame on a Solar Advisor input page,
and in the Input Type window, click User-Specified.

W Fircod O and M (5/kWyr)
Ingut Type
Ll le-Spa:hdb 4243
‘workbook Hamed R angs
 Caplured From [Guide Exampe 4 —| [Fosdper_Copacy ~| 2|[ 4000
© Paamstice 2|

To completely delete the connection between a Captured From variable and a workbook,
right-click the variable name on a Solar Advisor input page, and in the Input Type window,
select the workbook name and press the Delete key. Be sure to select the entire
workbook name and path.

B Fixed O and M {5k Wyr) El@"E
Input Tope
" UswSpeched [ 4283
Wodbook: Hamad Alange
& Coptued From [EEIERRERES —| [Fesd po_Copacty =] 3| 400

L FamE

To delete the connection between a Sent To variable and a workbook, right-click the
variable name on a Solar Advisor input page, and in the Sent To window, select the row
for the connection you want to delete and press the Delete key. Make sure both the
complete workbook name and named range are highlighted.
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v Prower I:Ir.".".":
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v OK ¥ Cancel
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9

9.1

9.1.1

Appendix

Levelized cost of energy (LCOE)

Levelized cost of energy (LCOE) is an economic measure that is useful for comparing and
ranking technology options because it is a cost that accounts for the purchase, financing, tax,
and operation of a power system over its lifetime. Analysts can use the LCOE to evaluate
different energy efficiency and renewable energy projects and to compare them to
conventional fossil fuel projects.

Solar Advisor calculates the LCOE for residential, commercial, and utility projects. The
residential and commercial projects are for systems connected to the grid on the customer's
side of the meter. Utility projects are for systems connected on the utility side of the meter.

The LCOE accounts for project costs associated with generating electricity, but not for
revenue earned from electricity sales. The LCOE is an attractive metric for comparing central
and distributed generation projects. As a $/kWh value, the LCOE is comparable to the cost of
conventional generation for utility-scale projects, and to the cost of electricity purchases for
commercial and residential projects. The LCOE is also useful for comparing solar projects to
other renewable and non-renewable projects because it accounts for both project capital
requirements (typically higher for renewable and lower for non-renewable projects) and
project fuel and other operating costs (typically lower for renewable and higher for
non-renewable projects).

The LCOE calculation depends on whether a project recovers costs through savings in
electricity purchases, or through sales of electricity. Residential and commercial projects
typically recover costs through electricity savings, while utility projects recover costs through

electricity sales.

Residential and commercial LCOE

The LCOE for residential or commercial projects (except commercial projects with third party
ownership financing) is the cost per unit of energy, that, when multiplied by the total energy

produced and discounted to a base analysis year, is equivalent to the present value of the
total life-cycle cost of the project:

%QnXLCDE _i C,

m (1+d)" 1+ )"

Where Q,, is the energy produced by the project in year n, N is the project life in years, C, is
the project net cash flow in year n, and d is the discount rate. Solar Advisor calculates Q,

based on the solar radiation and other climate data, and the parameters of the software's
system performance models. The summation in the left hand term begins at n = 1, which is
the first year that the project produces energy. The right hand summation starts at n = 0 to
include first costs in the calculation, i.e., C is equivalent to the project's capital costs.

Solving for LCOE gives:
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9.1.2

9.1.3

£ c
2 (1+ d)°
LC&E=£;£——QL
> g
1 (1+d)°
The numerator is the total life cycle cost, and the denominator is can be thought of as the
total discounted annual energy output.

Utility LCOE

For utility projects and commercial projects with third party ownership financing, the LCOE is
the cost per unit of energy, that, when multiplied by the total energy produced over the
project life and discounted to the base analysis year, is equivalent to the present value of the
project required revenues over the project life given a set of financing constraints defined on
the Financials page.

The required revenue is a target, and is different from the actual revenue earned by the
project.

i Qﬂ x LCOE _ '\'-_ Rf—'_tc_uij'—'_hd:_
S (+d) LD +d)”

Where Q, is the energy produced by the project in year n, calculated based on solar

radiation and other climate data and the parameters of the software's system performance

models. N is the project life in years, Rrequiredn is the required project revenue due to

electricity sales in year n, and d is the discount rate. The summation in the left hand term
begins at n = 1, which is the first year that the project produces energy. The right hand
summation also starts at n = 1, the first year that the project earns revenue.

Solving for LCOE:

¥ R
2o

LCOE = w

Zrdr

=l

requiradn

Real and nominal LCOE

Solar Advisor calculates both the real LCOE and the nominal LCOE. The form of the
discount rate in the denominator's total energy output term determines the form of the LCOE.
For the real LCOE, the real discount rate appears in the total energy output term:

N N
1 C 1 Rf—x_uif—'.td:

Do 2 e
I'Eﬂl LCDE — n={l (1+\ar} D.i‘!—l (1 +'ar}

; (1 + drea.')ﬂ
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Similarly, for the nominal LCOE, the nominal discount rate appears in the total energy output
term:
i i R required n
. Zl+¢:zr 1+d)"
nominal LCOE = =2 . )| = 0+d)
>o—2
Rl (1+ ar"‘-.‘.\‘.‘l’.l".d)
The form of the discount rate in the cost or revenue term of the numerator does not affect its
value, as long as the same form is used for the calculation of all cash flows or revenue
streams. Solar Advisor uses nominal discount rates for the calculation of cash flows and
revenue streams.
The real discount rate and nominal discount rate are related by Equation 7, where dnominal is
the nominal discount rate, dreal is the real discount rate, and e is the inflation rate:
dnominal =@+ dreal)(1 +te)-1
9.2 Cash Flow

Solar Advisor reports the cash flow as a stream of annualized costs in two formats: the net
annual cash flow in the Cashflow graph on the Results Summary page, and cash inflow and
outflow details on the cash flow tab of the results spreadsheet. A positive cash flow for a
given year indicates net earnings (inflow) in that year, and a negative net cash flow indicates
net losses (outflow) for that year.

This section describes the cash flow spreadsheet. The primary cash flow streams in the
spreadsheet are displayed in the following rows:

o After-tax net equity cash and cost flows

¢ State and federal taxes

e Total operating expenses

o Total debt payment

e Project income from revenues or offset payments

Note. You can learn more about the cash flow calculations by exploring the Excel
formulas in the financial spreadsheets posted on the Solar Advisor website:
https://www.nrel.gov/analysis/sam/download.html.
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9.21 After tax net equity cash and cost flows

A B c D E F
1 |Base Case Pro-forma for "100 MW Baseline w 6hrs TES” in "C:\SAM\Samples\Standard CSP Systems.sam” z
2
5 Year 0.00 1.00 2.00 3.00 4
82 Production Tax Credit 0.00 0.00 0.00
83 Investment Tax Credit 47.537.470.90
84 Tax Savings (Liability) 88.466,920.85 23,969,992.75 1154499472 594323
95 | State and Federal Tax Savings (Liability) 99.469.461.16 30.413,539.18 14.648.487.93 7,540,882
86 After Tax Net Equity Cash Flow (237.687.354.45) 118,927,146.34 &60170,915.70 34.705,128.33 27.896.269

ﬁlﬂﬁ B T Y e _r"“,__\__#‘“x.\m bt gt gttt ok hn s,

All capital costs are accounted for in year zero of the cash flow. The total capital cost is equal
to the equity portion of the total capital investment and shown in the Equity Funds row of the
spreadsheet. For cash projects, Equity Funds is equal to Total Installed Costs on the Costs
page. For projects financed by a loan or mortgage, Equity Funds is Total Installed Costs on
the Costs page minus Debt Funds. Debt Funds is Loan (Debt) Percent from the Financials
page multiplied by the total installed costs.

Year one is the first year of operation. For residential and commercial systems, the cash flow
for year one and subsequent years is given by:

After Tax Net Equity Cash Flow =
After Tax Net Equity Cost Flow +

Residential Offset Payments
Commercial Offset Payments - Offset Payments x Effective Tax Rate
Utility Operating Income

The effective tax rate is a single rate that includes both the state tax rate and federal tax rate.
The cost flow for all project types in year one and subsequent years is:

After Tax Net Equity Cost Flow =
State Tax Savings (Liability) + Federal Tax Savings (Liability) + PBI Incentives -
Total Operating Expenses - Total Debt Payment

Note. Utility projects with independent power producer (IPP) financing do not show the
cost flow row in the spreadsheet. Utility projects with investor-owned utility (I0OU)
financing show a required revenue stream in the cash flow spreadsheet instead of the
cost and cash flows.
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9.2.2

State and federal taxes

A B C D E F

1 |Base Case Pro-forma for "100 MWV Baseline w 6hrs TES™ in "C:\SAM\Samples\Standard CSP Systems.sam”

2

3 Year 0.00 1.00 2.00 3.00 4.
58 Tax Effect on Equity (Federal)

59 Operating Income 43,666.667.24 43,966,356.58 44 26562246 44 564 368.
60 Investment Based Incentives (I1BI) 0.00

61 Federal IBI 0.00

62 State IBI 0.00

63 Utility 1BI 0.00

64 Other 1BI 0.00

65 Capacity Based Incentives (CBI) 0.00

66 Federal CBI 0.00

67 State CBI 0.00

68 Utility CBI 0.00

69 Other CBI 0.00

70 Performance Based Incentives (PBI) 0.00 0.00 0.00 0
71 Federal PEI 0.00 0.00 0.00 0
72 State PBI 0.00 0.00 0.00 0.
73 Utility PBI 0.00 0.00 0.00 0.
74 Other PBI 0.00 0.00 0.00 0.
75 Depreciation 158.062,090.73 117.417.553.11 7045053187 49721817,
76 Interest Payment 19.014,988.36  16.599.466.86 18,150,707.81 17,666,045
i Sales Tax 23,768.735.45

78 State Tax Savings (Liability) 11,002,540.31 644354644 310349320 1,597 644,
79 Total Income (146,176.606.99) (85,607.116.96) (41.232,124.01) (21,225,849,
80 Total Taxable Income (146,176.606.99) (85,607.116.96) (41.232,124.01) (21,225 849.
81 Income Taxes (40,929.449.96) (23,969.992.75) (11,544,994.72) (5,943,237
82 Production Tax Credit 0.00 0.00 0.00 0.
83 Investment Tax Credit 47.537.470.90
84 Tax Savings (Liability) 88.466.920.85 23,969.992.75 1154499472  5943.237.

-RE. Spira RM-WT‘"'W“U‘H TN T S M ‘m.u;\klﬁ ..ﬁn\w.w“az‘aa g dobnd

All projects except investor-owned utility (IOU) projects pay state and federal taxes on the
total taxable income for each year when the state and federal annual tax rates on the
Financials page are non-zero. Federal and state tax cash flows are displayed in two separate
sections of the cash flow spreadsheet, under the rows labeled Tax Effect on Equity (Federal)
and Tax Effect on Equity (State). The tax amount for each year appears in the Tax Savings
(Liability) row under each section.

For both federal and state taxes, a positive value of Tax Savings (Liability) indicates a tax
savings or cash inflow. A negative value indicates a tax liability or cash outflow. It is
calculated as follows:

Tax Savings (Liability) [State or Federal] =
Income Taxes [State or Federal] - Production Tax Credit - Investment Tax Credit

e The production tax credit (PTC), if it applies, is calculated for each year by multiplying the
tax credit percentage shown on the Incentives page by the value shown in the Electric
Output (kWh) row of the cash flow spreadsheet.

e When an investment tax credit (ITC) applies, it is subtracted only in year one of the project;
it is not subtracted in year two and subsequent years. The ITC is either equal to the fixed
amount on the Incentives page, or calculated by multiplying the ITC percentage on the
Incentives page by the total installed costs on the Costs page.
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A note about incentives. Some incentives have caps that limit their maximum value,
while others have escalation rates that increase their value from year to year. Others
have term limits that end payments after a given number of years. In some cases the
incentive income is taxable at the federal or state level, and in other cases it is not.
Finally, investment and capacity based incentives may or may not reduce the basis on
which the investment tax credit (ITC) is calculated. All of these factors are defined on the
Incentives page.

Federal and state income taxes are calculated as follows:

Income Taxes [State or Federal] =
Total Taxable Income x Tax Rate [State or Federal]

e The total taxable income is the project income less deductible expenses. Deductible
expenses include operating expenses, depreciation, interest payments, and sales tax
payments. In year one, projects may pay sales tax on the total capital costs incurred in
year zero. The sales tax rate is on the Financials page.

e For residential, commercial, and utility projects, income includes receipts from incentive
payments. For utility projects, income also includes revenues from electricity sales.

e Cash inflow from state tax (state tax savings) is included in the federal taxable income.
State tax outflow (liability) is deducted from the federal taxable income.

9.2.3 Total operating expenses

A B c D E F
1 |Base Case Pro-forma for "100 MW Baseline w 6hrs TES” in "C:\SAM\Samples\Standard CSP Systems.sam” j

3 Year 0.00 1.00 2.00 3.00

10 Operating Expenses

11 Lump O & M Expense 0.00 0.00 0.00

12 Fixed O & M Expense 6,500,000.00 6,662,500.00 6,829,06250 6,999,738

13 Variable O & M Expense 254.814.75 261,185.12 267,714.74 274,40

14 Insurance 2,376,673.54 243629538 249720277 255963

15 Property Taxes 0.00 0.00 0.00

16 Total Operating Expenses 913168829 935998050 959398001 983382
i “_““--‘“-‘“.*l'“ e SR \f.,.;_-.-\....--‘"‘-'-“‘*%-ﬁ ._..,MM--.‘A.-A-M—-\.-'-“' e e A e

The total operating expenses include operation and maintenance costs, and insurance and
property tax payments.

Total Operating Expenses =
Fixed (Annual) O&M Expense + Fixed O&M Expense + Variable O&M Expense
+ Insurance + Property Taxes

The operation and maintenance (O&M) costs are defined on the Costs page, and escalated
in each year after year one using both the escalation rate for each O&M category on the
Costs page and the inflation rate value on the Financials page. The insurance and property
tax rates are also both on the Financials page, and apply to the total installed cost value on
the Costs page.
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9.24 Total debt payment
A B C D E F
1 |Base Case Pro-forma for "100 MW Baseline w 6hrs TES” in "C:\SAM\Samples\Standard CSP Systems.sam”
2
3 Year 0.00 1.00 2.00 3.00
20 Financing
21 Debt Funds 237 687,354 48
22 Equity Funds 237.687,354 .48
23 Total Capital Investment 475,374,708.96
24
25
26 Cash Available Before Debt 43 666,667 24 43 966,358 58 44 265 62246 44,564 36
27 Debt Interest Payment 19,014,988.36 18,599,468.86 18,150,707.81 17,666,04
28 Debt Repayment £,193,993.70  5,609,513.20  6,058,274.26  6,542,93
29 Total Debt Payment 24,208,982.06 24,208,982.06 24,208,982.06 24,208,968
R N “__.r-"‘-‘-w P e e SR I et b
For projects financed by a loan or mortgage, the total debt payment is the sum of interest
and principal payments:
Total Debt Payment =
Debt Interest Payment + Debt Payment
Payments are calculated annually. The annual interest payment is the product of Rate and
Loan (Debt) Fraction on the Financials page and Total Installed Costs on the Costs page.
Debt Payment is the principal payment, and is a function of the Rate, Term, and Loan
(Debt) Fraction on the Financials page.
9.2.5 Project income (revenue and offset payments)

A B & D E F

1 Base Case Pro-forma for "Residential Flat Plate System” in "C:\SAM\Samples\Standard PV Systems.s
2

3 Year 0.00 1.00 2.00 3.00 4.
4 Electric Qutput (kWh) 19,463,671.25 19,269,034 54 19,076,344.19 15,885,580.
5 Electricity Purchase Price ($/kWh) 0.00 0.00 0.00 0.
6

7 Offset Electricity Payments

8 Offset Payments (assumes net metering) 0.00 0.00 0.00 0.
a

<. ' B R WA T T‘?-ﬂn.,_‘ f‘_‘«m.___m\?_ﬁ.d__&ﬂm_‘#\_\

Residential and commercial projects may receive net-metering offset payments for electricity
generated by the project. Commercial projects also pay federal and state income tax on the
payments as shown in the explanation for after tax net equity cash flow above. The electricity
purchase price is equal to Flat Rate on the Utility Rates page.

Offset Payments =
Electric Output x Electricity Purchase Price
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9.3

9.3.1

A B C D E F 3
Base Case Proforma for "100 MW Baseline w 6hrs TES” in "C:\SAM\5amples\5tandard C5P Systems.sam” ]

1

2

3 Year 0.00 1.00 2.00 3.00

4 Electric Output (kWh) 364,021,066.47 364,021,066.47 364,021,066.47 364,021,06
5 Electricity Sales Price (3/kWh) 015 0.15 0.15

6

7 Operating Revenues

8 Revenues 52,798,355.53 53,326,339.08 53,859.602.47 54.398.19

ehlpbal At ol . ol ‘-;rh e At T e s R S— ’-r‘“"‘n T LYt ﬂ‘—‘__'d‘ e,

the electricity sales price. For residential and commercial projects, the sales price is equal to
Flat Rate on the Utility Rates page. For utility projects, Solar Advisor calculates the year one
sales price to meet the financing constraints on the Financials page, and calculates the
sales price in year two and subsequent years based on the first year sales price and the PPA
escalation rate on the Financials page.

Revenues =
Electric Output x Electricity Sales Price

Operating Income =
Revenues - Total Operating Expenses

Equations for Calculated Values

Solar Advisor displays some variables throughout the user interface with blue backgrounds,
indicating that the values are calculated and cannot be edited. This chapter describes the
calculations behind these variables. The calculations described in this chapter are different
from the performance simulation calculations, which are described in a separate reference
manual, available for download on the Solar Advisor website: https://www.nrel.gov/analysis/

sam.

Financials

The two calculated values on the Financials page are the loan amount and the weighted
average cost of capital.
Loan Amount

The loan amount is the amount borrowed by the project, and is a percentage of the total
installed costs from the Costs page.

L oam
Amount 385005
Loan [Debd] Fraction. | ;oo X
Tem | ET] ey
Rate | 600 Siwwa

LoanAmount = Crgpaitnstatied * £ DebtFraction
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9.3.2

9.3.2.1

Weighted Average Cost of Capital
Mnngitend Averrager st of Captad

wart | 5E

The weighted average cost of capital (WACC) is defined as the minimum return that the
project must earn to cover financing costs.

WACC = FRetunOnEqity * (1 — FDebtFraction) T (1 — FEsfectiveTaxRate) " FLoanRate ~ F DebtFraction

The effective tax rate is a single value that accounts for both state and federal income taxes,
calculated from the state tax rate and federal tax rate.

For residential and commercial projects, the return on equity is equal to the discount rate,
which is an input on the Financials page:

FReturnOnEqity = DiscountRate

For utility projects, the return on equity is the required internal rate of return, also an input on
the Financials page:

FRattmDrLEquity = RE;qI.J:iI’EdIRR

Equation Variable Solar Advisor
LoanAmount Amount
C Total Installed Costs on the Costs page

Totallnstalled

F bebtFraction Loan (Debt) Fraction

FLoanRate Rate

DiscountRate Real Discount Rate

RequiredIRR Required Internal Rate of Return (IRR)
PV Array

Layout

The calculated values on the array page for photovoltaic systems are based on values of
variables on the Array page, and on variables on the Module page and Inverter page.

£ anjrrad

Modules per Sting | 0
Stings in Paraled | b
Totl Hodudes [0 60
Ay Posest [DDDNE Hwid:
Vot [etrng] lilm W
i sting] HA v
Vo [de-rerter) [IIIIIHE

Inverters | F

Trvwerber Posver BB Kwid:
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Total Modules
Total modules is the number of modules in the array.

-

NTotatModules = NModulesPerString * IV StringsInParallal

Array Power
The array power is the maximum DC power output of the array.

P prray = Phiosule * NTotalModules

Voltage ratings: Voc (string), Vmp (string), and Vnom (dc-inverter)

The voltage ratings are displayed for reference to help you choose a number of inverters
based on the size of each string of modules.

The open circuit voltage (Voc) and maximum power point voltage (Vmp) of each string of
modules and depends on the module ratings and the number of modules per string. The
voltage ratings do not apply to the single-point efficiency module performance model
because the model does not include voltage ratings.

F, . =T - A .
OCEtring — ¥ OChlodule - hodulesPerftring

The inverter nominal DC voltage (Vnom) is for a single inverter, and does not apply to the
single-point efficiency inverter performance model.

Inverter Power
The inverter power is the total DC power rating of all inverters for reference when sizing the

array.
le'artar = le'artar[}c' J"rln'rartara
Eqguation Variable Solar Advisor

N verters Inverters

NMOdulesperStrmg IModules per .String. When the modulg type on the
Module page is an array from the Sandia database,
Modules per String represents the number of
arrays rather than number of modules.

NStringsInParaIIeI Strings in Parallel

P Array Array Power

vaerter Inverter Power

P\nverteroc PowerDCo or Power (dc) from Inverter page.
Depends on performance model.

PModule Pmp or |_mp_ref x V_mp_ref or Power, from
Module page. Depends on performance model.

V ocModule \Voc or V_oc_ref, from Module page. Depends on
performance model.

VOCString \Voc (string)

V\iPModule Vmp or V_mp_ref, from Module page. Depends on
performance model.

VMPSM”g Vmp (string)

V NomDClnverter Nominal Voltage (Vnom) from Inverter page

VNomDClnverterTotal Vnom (dc-inverter)

Solar Advisor Model 2.0
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9.3.2.2

9.3.3

Derate

Lherrenfer

" Dhehaded @ Simple

P moduls nwraplate DC ey | 100 %
Mismach [ 100 %
Eriodes and conneclions | 100 %
DCwang [ 100 %

Sodrg [ 100 %

Shadeg [ 100 %

Surrtrackirg | %

Tkl peeivvortes desste factr | X [ =

AL varg |
Tranaformer [ X

System avalabdty [ | x

LT L p—— x| wox

Totel desste cter | O 4 [ x

Mote: Irrvarter aificiency handiad on mweilsl page

Derate factor

The total derate factor is the product of Total pre-inverter derate factor and the Total post-
inverter derate factor.

In Detailed mode, the Total pre-inverter derate factor is the product of all of the pre-inverter
derate factors, and the Total post-inverter derate factor is the product of AC wiring,
Transformer, and System availability derate factors.

PV Module

The values that appear on the Module page for flat-plate photovoltaic modules depend on
the performance model. For the Sandia PV Array Performance Model and the CEC
Performance Model, the values with blue backgrounds are stored in database files in the
SAM\Data\KingDatabase folder and SAM\Data\Modules folder, respectively.

For the Single Point Efficiency Model for both flat-plate and concentrating photovoltaic
modules, Power is a calculated value described below.

Power

On the Module page for photovoltaic systems using the single-point efficiency performance
model, Power is the maximum DC output of the module.
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Earactoristies
Fower 00w
Elficiercy 135 %

Tengerahure Conlhciert [P A5 %4
Mischae Stctrs | plass/cel/polmes hd

Bipan 074074 md

Priosule = Mosdte - 1000 - Apgose

The module's maximum power is the product of the module efficiency, irradiance at standard
test conditions (1,000 W/m2), and the module area.

For flat-plate modules, Temperature Coefficient (Pmax) and Module Structure are used
by the simulation engine to calculate the module's hourly output.

Eqguation Variable Solar Advisor
PModule Power
MModule Efficiency
AModule Area

9.34 PV Inverter

The values that appear on the Inverter page for photovoltaic systems modules depend on the
performance model. For the Sandia Performance Model for Grid-Connected PV Inverters,
the values with blue backgrounds are stored in database files in the SAM\Data\lnverter
folder.
Charactorstics
PowetCo [DODDEDN wac
PowerDCo | 2000 Wi
Minimas Violtage fman) [ 180 v
Fogemineal ickages [Vinom) [0 00 ¥
Wi Vollage fvmas) [ 450 v
PowerSo [T wdr
PoseertiTaee [0S wiac
Irvvertes Coeft. 00 [FNGIDOCERD 1.0
Irvvertes Cosff, 1 [ODGERD 1.4
Irvvertes Cosff, 2 [ODGESD 1.V

Inwvertes Conff. C3 [ CUONESD 1.7

For the Single Point Efficiency Model Power (dc) is a calculated value described below.

_ PlaverteraC
Provesteric = ———
Mavarter
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Equation Variable Solar Advisor
P inverterac Power (ac)
Pinverteroc Power (dc)
r]|n\/erter EffiCiency
9.35 CSP Solar Field

Solar Field Area, Solar Multiple, and Exact Area

£ syt Sidar Ml (Design Point)
Calewiated Vialfoes
" Sol Mulipls 15

Solal Multiple [calculsiad] 15

Sols Fresld Sonn 3 om2
Sol Fiedd boen [calculsted) | BBRSEETE m2

Diettarsce Betvmen 505 ri Row T m

When the Layout option is Solar Multiple, Solar Advisor calculates the solar field area based
on the value you enter for the solar multiple:
AsgglarFieldCalentated = F SolarMultiple < ExactArea

When the Layout option is Solar Field Area, Solar Advisor calculates the solar multiple
based on the value you enter for the solar field area:

 AsolarFisld
FsolarMultipleCaleulated = T
“1ExactArea

The exact area is the solar field area for a solar multiple of one calculated as follows:

O Desizn Turbine Theematlngst * (£ ET0 + FET1 + FET2 + FET3 + FET4)

AExactirea = 0 i 0 0
2 DirsctNormalRadiation Hﬂpticalf.fﬁ:izn:y T Y HCEThermall osszs — X SolarFieldPipingHeatl osses

The values used for these equations are displayed under Solar Multiple Reference
Conditions and Values From Other Pages, except for the five F; factors, which are on the
Power Block page.

Varfwrs: From Othar Pages
Selar MWoliple Reference Candiftans Bpseihige Suna e S04 47003 w250
HCE Themal Losse: 215 wiimd
Arribert T ak | % C
e Diptical Eifciency 775
Ditect Hotmal Rackstiors | EL Design Turbine Themal gt 56 Mw
wmv!ﬁ‘}'l 5 miy Solal Fesld Prpg Hes! Lostes | 188 wim?

Note. Direct Normal Radiation does not represent weather conditions at the site, but is
the reference radiation value used to calculate the solar field area when the solar multiple
is one.
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Equation Variable Solar Advisor
AkxactArea Exact Area
AsolarField Solar Field Area
AsolarFieldCalculated Solar Field Area (calculated)
Fero-Fera Turb. Part Load Elec to Therm from the Power
Block page
FSoIarMuItipIe Solar Multiple
F Solar Multiple (calculated)

SolarMultipleCalculated

Optical Efficiency from the SCA / HCE page

nOpticaIEfﬁciency

Design Turbine Thermal Input from the Power
Block page
Direct Normal Radiation

HCE Thermal Losses from the SCA / HCE page
Solar Field Piping Heat Losses

QDesignTurbineThermaIInput

QDirectNormaIRadiation

QHCEThermaILosses

QSolarFieIdPipingHeatLosses

Exact Number of SCAs

- _ AFxactAraa
NEzactNumberOBCAs =
‘{_ipartuairaa?arﬁﬂ_i
Equation Variable Solar Advisor
AApertureAreaPerSCA Aperture Area per SCA, equivalent to SCA

Aperature Area on SCA / HCE page
A Exact Area

ExactArea
N Exact Number of SCAs

ExactNumberOfSCAs

Solar Field Piping Heat Losses

The solar field piping heat losses are calculated using parameters of the heat transfer fluid
and the reference ambient temperature:

_ \ T3 2 A7)
OsolaFicldPipeHeatLoses = (FPELa AT + Fomro - AT+ Fprr1 - AT) - Osppipeti Desien
AT = T.—'n‘ara_za - I_.l".:mbian.t

E—SFi.nDasi;n + E—SFuutDaai;n
7

i

T Average —
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Equation Variable Solar Advisor
Fouit - Fprus Piping Heat Loss Temp Coeff 1 through 3
QSFPipeHLDesign Solar Field Piping Heat Losses @ Design T
QSoIarFieIdPipeHeatLosses Solar Field Piping Heat Losses
T Ambient Ambient Temperature
TSFinDesign Solar Field Inlet Temperature
TSFOutDesign SolarField Outlet Temperature
9.3.6 CSP SCA/HCE

HCE Optical Efficiency

AecernveyTeal Colfeciion Element (TICE]

) Recaiver 1 Recaiver 2 Recarer 3 Recercer d
Lieary Fecarves Typs | Schont FTRTD Schon PTRT Schom PTRT) Schon PTRTD

- and Condiion ||V acanss T Lot vacien || Broken Glare T || Hisdeogen ~

Paicant of Fusld 07 ooz om o

Dotical Pasameters : ; . ) ]
Blellows Shadowirg 05 0 s 0

Errvelops Tianamessivity | ]| =] 1 0,953

e 096 0.9 ng 08s
Uniscatsoarbed 1 1 1 1
Optical Efficiency HCE) | 76| 76| | 7T

DOptical Efficiency [wieighted] ]

Solar Advisor displays a value for Optical Efficiency (HCE) for each of the four Receiver
types. The value is calculated for each receiver type by multiplying the four Optical
Parameters values together:

Bellows Shadowing
Envelope Transmissivity
Absorber Absorption
Unaccounted

And then multiplying the result by the product of the six SCA factors:

e Tracking Error and Twist

e Geometric Accuracy

o Mirror Reflectivity

e Mirror Cleanliness Field (field avg)

¢ Dust on Envelope (field avg)

e Concentrator Factor

The weighted optical efficiency, Optical Efficiency (Weighted), is the sum of the products of
each receiver type's Optical Efficiency (HCE) and Percent of Field.
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HCE Heat Losses

Hoal Loss Paramelors

D Hest Loss Costhciert | 1.8615 16634 116.25 92419
&1 Heal Loss Coetliciert | AT 0E7TIE| EEH 1.3548
A2 Hest Loss Costficiert | 00011554 | 000075542 | 0.0 D63 | 0000516
A3 Heoal Loss Coslficiers | & EE 6| STTZE 6| 29754E 5 4B01ES
Ad Heat Lozs Coelficient. | LT 4 4504E 8| 7350E7 | 925658
45 Heat Loss Coelficiert. | FEHE| 42153 A0 | 3798
A6 Heal Loss Costhciert | 01763 01333 5.2682 033064
Haal Loss Facter | 1.2 1.25] 125 15

Minrum Windipeed (m') | o of 05| 0
Recerves Heal Losses fwim) | 80077 | n5191 | 39| B52952

Thetmal Losses [Wieighted W) 107,501

Thetmal Lastses [weighted W2 | ns

The heat loss for each HCE type depends on the value of the six heat loss coefficients and
heat loss factor for each HCE type, and on the solar field heat transfer fluid temperature
design parameters:

Om1+0m2+0ms+0mas
Tsfout — Tapin

OHCEL osses = F Heatl ossFactor

Where:
Qrr1 = (Fao+ Fas~ v/ Vaving)  (Tsrout — TsFin)
{1"::'.1?1:1;:2 — TSFiul} — Tamb - (TsFout — TeFin)
Ouro= (Fay+ Fas v/ Viving) - 2
Tsrou” — TsFin”
O3 = (Faz+ Fas Q) - -0 152
O = Fon Tefout” — Tepin”
YHL4 T £ A3
4
The total, or weighted HCE losses are expressed both in terms of the SCA aperture length:
4
OHCFL ossesWeightedWin = Z OHCELosses o~ F PercentOFisld n
n=1
And the SCA aperture area:
_ OHCELossesWeightadWim
OHCEL ossesWeightedWin'2 = 1
<LECA Aperturs
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Equation Variable

Solar Advisor

Fao - Fas A0 Heat Loss Coefficient through A6 Heat Loss
Coefficient

FHeatL ossFactor Heat Loss Factor

QHcELosses Receiver Heat Losses (W/m)

QHCELossesWeightedW/m

[Thermal Losses (Weighted W/m)

QHCELossesWeightedW/m"Z

Thermal Losses (Weighted W/m2)

T

Ambient Temperature from the Solar Field page

Amb
Tsrin Solar Field Inlet Temperature from the Solar Field
lpage
Tsrout Solar Field Outlet Temperature from the Solar
Field page
Viind \Wind Velocity from the Solar Field page

9.3.7 CSP Power Block

Design Turbine Thermal Input

Fisted Tubine Met Capaciy | 100 Mwe
[hesign Tubine Gross Dulput [ 110 pwe
Prowvies Plar Avodekliy | X
Arrassl Degeadaton 0%
Forwerr Eyder
Flef Spsteen [SEGS B0 MW Tusbine BT
System Type |5:Hi" RH 1
D eviges Turbares Thesimeal Inpust 29147 LA Teurkane Start-up Tme | 05 fes
Diesign Turbire Grogs Efficisncy | 0374 Tk Stat-up Ergngy” | 0z
QDaaignTub-i.na'G-rﬂsa
ODesien TurbineThermallnput =
HDEE{_“_HTHH.HEGTGEE

Equation Variable

Solar Advisor

nDesignTurbineGross

Design Turbine Gross Efficiency

QDesignTurbineGross

Design Turbine Gross Output

QDesignTurbineThermaIInput

Design Turbine Thermal Input
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9.3.8

CSP Storage

Maximum Energy Storage
Fharmal Easigy Storage (TES)

Equav. Fidl Load Houss of TES | B his Mzarniam E iy SAntags I 1740808 L
Thsrnecing of Tvae-Tank TES |'|'.,.,a Tark = Drespigrs Trkane Thermesl bngaut 291 458 Wi

Ql\-mnumStﬂf;ga = *?I"THGHE.D.:StnﬂgE ’ QDasignTurbi.nﬂnptt
Heat Exchanger Duty
Tharmal Epergy Storage (TES)

Equiv. Full Load Hows of TES | B his

Themecine o Two-Tank TES [Teo Tk =]

Storage Fluid Humbed |5:'.'-al Sat -
Heat Eschanges Duty 1

The heat exchanger duty depends on the value of the solar multiple. When the solar multiple
is greater than one:

FHeatExchangeDuty = & SolarMultiple — 1
When the solar multiple is equal to or less than one:

FHaatEx{:hmgarDuty =0

Maximum Power To and From Storage

Tharmal Enargy Stovage (TES)
Equav. Full Losd Hours of TES L M aomum Enesgy Storsge | TLTEELE0E  LowTh
Thesmockne o Two-Tank TES | Two Tank - Digsigen Tuataree: Theamal Ingat 201458 MWwA
Cinage Fuad Mumber [Sole Sk = R [ ERE A 0 Wwh
Tark Hast Lossas 097 Ml
Heat Enchanger Duby”™ I 1
Pawreany beed matenal |2 -
Tusbine TES Adj, - Efficiency” e
Sescordany bed matenal [ v
Tusbine TES Acpustment - Groes Dutput® | 0958

Themocline: Temp Degradstion C

Thetmachin Efficiency Adfor TES® |

Theeamreccline Dutput A bos TES®

The maximum power to and from storage depends on whether the TES includes a heat
exchanger. When the TES fluid is different from the solar field fluid, the TES includes a heat
exchanger. When the fluids are the same, there is no heat exchanger.

For a TES with heat exchanger (TES fluid and solar field fluid are different):

M Powses To Shoeage I TN.A68 e
e Powwst Flms!uml THEAG W

Ph-laxi:numTuStnfaga = FHaatEm:ha.ngarDuty' QDaaignTuﬂ:-inﬂnput

FTES AdjustOutput

PIx-Ia.x:i.mumFrmE-mra.ga = Ph-Ia.x:i.mumTﬂE-tnﬂga'
FTESAgjustEfficiency

For a TES with no heat exchanger (TES fluid and solar field fluid are the same):
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PrfaxinmmToStorage = ¥ Solarhultiple ~ & TurbineMaximemOverDesign ~ {2 Deaigr Turbinelngut

PlImﬁnutnFrmStmaga = QDEE-i;‘I.‘I.THHII.ﬂnp‘M . FTurbi.nikIaxi.mumDvarDaaign ’

FTES AgjustOutput

FTESAgjustEfficiency

Equation Variable

Solar Advisor

Heat Exchanger Duty

TESAdjustOutput

I:HeatExchangerDuty

FsmarMultiple Solar Multiple from Solar Field page
FTESAdjustEffiCienCy Turbine TES Adj. - Efficiency

F Turbine TES Adjustment - Gross Output

F

TurbineMaximumOverDesign

Max Over Design Operation from Power Block page

NHoursOfStorage

Equiv. Full Load Hours of

TES

P

MaximumFromStorage

[Maximum Power From Storage

P

MaximumToStorage

Maximum Power To Storage

QDesignTurbineInput

Design Turbine Thermal Input from Power Block page

QMaximumStorage

|Maximum Energy Storage

CSP Parasitics

Parasive Electie Enargy Use
Sickor Fiedd [CUSTOM =] ey |
Solw Fieldfres 871932 m2
Gioss Turberss Output 10 Mwe
Facio FF F F1 F2 Dhessagn Poand FParaibcs
Colacio Dirvet and Eleciionics ZERE-T Mwiefmd 1 ZNE Muwe
Solw Feld HTF Fumg | 1OSZES M2 1 [ 0% [ amz [ o7 [JE0EERD Mwe
Thesmal Eneigy Stoenge Pusrgsr | D02 MM 1 [ 0% [ omz [ o7 [DESKESD Mwe
Arbiresss Pumgend 07 hachan Iﬁ Mwa
Might Cinculstion Pumping 01 haction AITED Mw'e
Power Block Fieed | 00055 Mwe [ ESEA woave
Bolanceof Flart | D067 Mweiwe | 1| o[ om7 | 0 [TERE Mwe
Heator/Bods | 002273 MM | 1 [ wEm [ oom7 | 0 [TES0E Mwe
Cooleg Towes | DOTIE  MeMiwis 1 [ amE [ o2z [ ors [EREs Mwe
Cixoding Towser Oipestiion Mode [Cooling Tovwes ot S0% o 100% =]
Total Dangn Fork Faissbe: 19258 Mw'e

For each source of parasitic losses, the design point parasitic loss value is the product of
either Factor, PF, and Solar Field Area; or the product of Factor, PF, and Gross Turbine
Output, except for the antifreeze pumping losses and night circulation pumping losses,
which are a function of Factor and Solar Field HTF Pump:
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Source of Parasitic Loss Equation

Collector Drives and Electronics Factor x PF x Solar Field Area
Solar Field HTF Pump Factor x PF x Solar Field Area
Thermal Energy Storage Pumps Factor x PF x Gross Turbine Output
Antifreeze Pumping Factor x Solar Field HTF Pump losses
Night Circulation Pumping Factor x Solar Field HTF Pump losses
Power Block Fixed Factor x Gross Turbine Output
Balance of Plant Factor x PF x Gross Turbine Output
Heater/Boiler Factor x PF x Gross Turbine Output
Cooling Towers Factor x PF x Gross Turbine Output

Total Design Point Parasitics is the sum of the following losses (it does not include
antifreeze pumping or night circulation pumping losses):

Collector Drives and Electronics
Solar Field HTF Pump

Night Circulation Pumping
Power Block Fixed

Balance of Plant

Heater/Boiler

Cooling Towers

94 Effective tax rate

The effective tax rate is a single number that includes both the federal income tax rate and
state income tax rate. Solar Advisor uses the effective tax rate for several calculations
requiring a total income tax value.

The effective tax rate calculation is:
EffectiveTaxRate = FederalTaxRate x (1- StateTaxRate) + StateTaxRate
The federal tax rate and state tax rate are input variables on the Financials page.
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Calculator. The CEC calculator uses the same module performance model as Solar
Advisor's CEC performance model; documentation included with the CECPV Calculator
explains details of the model. http://www.gosolarcalifornia.ca.gov/nshpcalculator

Arizona State Photovoltaic Testing Laboratory. http://www.poly.asu.edu/ptl

CSP technology

NREL Troughnet Parabolic Trough Solar Power Network.
http://www.nrel.gov/csp/troughnet

Moens et al, 2005. Advanced Heat Transfer and Thermal Storage Fluids, National
Renewable Energy Laboratory. NREL/CP-510-37083.
http://www.nrel.gov/docs/fy050sti/37083.pdf

Price et al, 2006. Field Survey of Parabolic Trough Receiver Thermal Performance,
National Renewable Energy Laboratory NREL/CP-550-39459.
http://www.nrel.gov/docs/fy060sti/39459.pdf

For more detailed information, see NREL, 2000. Survey of Thermal Storage for Parabolic
Trough Power Plants. National Renewable Energy Laboratory. NREL/SR-550-27925.
http://www.nrel.gov/csp/troughnet/pdfs/27925.pdf

TRNSYS and Excelergy
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University of Wisconsin, Madison, Wisconsin, WI. http://sel.me.wisc.edu/trnsys/

e NREL has used Excelergy in analysis for the Department of Energy, Sargent and Lundy,
and the Southwest Concentrating Solar Power 1000 MW Initiative. See
http://www.nrel.gov/csp/modeling analysis.html#systems

Useful web sites

e Sandia National Laboratories: Photovoltaic Systems Research & Development, http:/
photovoltaics.sandia.qgov; Concentrating Solar Power and SunLab, http://energylan.sandia.

gov/sunlab.
o National Renewable Energy Laboratory: Energy Analysis, http://www.nrel.gov/analysis;

National Center for Photovoltaics, http://www.nrel.gov/pv;Concentrating Solar Power
Research, http://www.nrel.gov/csp.

e Go Solar California: http://www.gosolarcalifornia.ca.gov.

o U.S. Department of Energy Solar Energy Technologies Program: http://www1.eere.energy.
gov/solar.
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A0 heat loss coefficient, 120
absorber absorption, 120
AC wiring derate factor, 116
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actual minimum DSCR, 16
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ambient temperature, 118
ambient temperature CSP, 120
amount of loan, 40
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analysis period, 40
annual data, in spreadsheet, 26
annual degradation,

CSP, 58

generic system, 64
annual degradation, PV, 47
annual output - year 1, 16
annual output graph, 20
annual schedule,

degradation, 47

O&M costs, 68
antifreeze pumping, 124
aperture area per SCA, 118
area,

CPV module, 50

PV flat-plate module, 48

PV module, 116
array page, 47
array performance model, 48
array power, 47, 114
asterisk in graph name, 20
autoscale, 20, 22
availability,

CSP system, 58

generic system, 64

PV system, 116
available sliders, 22

B

background color of text boxes, 14
backup,

folder, 9

sample files, 9
balance of plant, 124
balance of system, PV, 52
base column, 16
bellows shadowing, 120
bitmap graph export format, 34
blue background, 113
boiler parasitic losses, 124
BOS, PV, 52
boxplot tab in DView, 27
bug, 9

C

calculated values, 14, 113

California Energy Commission (CEC) performance

model, 48
capacity factor,
CSP, 58
generic system, 64
results, 16
capacity-based incentive, 44
capital costs, 67
captured from, 14, 97, 103
case, 11, 13
summary, 26
cash financing, 40
for utility projects, 40
cash flow, 108
graph, 20
in spreadsheet, 26
CBI, 44
CDF tab in DView, 27
CEC performance model, 48, 116
central generation, 36

central receiver CSP system, 52, 53
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climate, 37
clustered bar graphs, 88
collector, 56
collector drives and electronics, 124
collector type, 56
color of text box backgrounds, 14
combination parametrics, 71, 81, 88
comma-separated file, 33
commercial,
buildings, 36
financing options, 40
LCOE, 106
concentrating photovoltaic,
configuration page, 46
module page, 50
concentrating solar power, 52
program options, 36
concentrator factor, 120
configuration page,
concentrating PV, 46
concentrating solar power, 53
flat-plate PV, 46
contingency costs, 67
continue application, 9
contour graph, 81
conventional,
fossil fuel plant, 64
power cycle in CSP, 52
converting data into TMY2 format, 37
cooling tower,
correction, 58
operation mode, 64
parasitic losses, 124
copy,
bitmap, 34
metafile,, 34
cost,
capital, 67
data, 66
O&M, 68
stacked bar graph, 20
CPV, 50
configuration page, 46
CSP, 52
system components, 52

csv, 33
current,
PV maximum power point, 114

D
daily tab, DView, 27

database of available module coefficients, 48

DC tab in DView, 27
DC voltage, 114
debt fraction, 40
debt payment, in cash flow, 112
debt service coverage ration, 40
define parametric window, 71, 72
degradation,
CSP, 58
generic system, 64
PV, 47
delete,
case, 11
graph, 24
Department of Energy, 6
depreciation, 40
derate,
generic system, 64
PV, 47
PV calculated values, 116
design point parasitic loss, 124
design turbine parameters,
in solar field page equations, 118
in storage page equations, 123
on power block page, 58
on storage page, 61
detailed derate factors, 116
detailed PV derate mode, 47
direct capital costs, 67
direct CSP storage, 61
direct normal radiation, 118
reference, 53
direct normal radiatioon,
for CPV model, 50
discount rate, 106, 113
dish Stirling CSP system, 52, 53
DMap tab, DView, 27
download software, 9
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dry cooling, CSP, 58
dry cooling, CSP sample file, 52
drybulb basis, 58
DSCR, 40
duplicate case, 11
dust on envelope, 120
duty cycle of heat exchanger, 123
DView,
exporting graph images, 34
waterfall graph, 30
DView data viewer, 27

E

edit combo, 81
edit graph, 24
edit linkage, 77
edit values, parametric, 72
effective tax rate, 113, 125
efficiency,
CPV module, 50
CSP turbine, 122
flat-plate PV module, 48
inverter, 51, 117
optical HCE, 120
PV module, 116
electric losses,
CSP, 124
electricity sales and savings, 106
EnergyPlus weather data format, 37
engineer procure construct costs, 67
envelope transmissivity, 120
environment, 37
EPW weather data, 37
equivalent full load hours of TES, 61, 123
error message, 9
exact area, 118
exact number of SCAs, 118
Excel,
inputs and results, 26
link to inputs, 97
Excelergy software, 52
exchanger duty, 123
export,
data from graphs and tables, 33

graph image, 34

F

factor, 124
federal tax, 40, 113
field background color, 14
file formats, 11
file size, 11
financials, 40
calculated values, 113
financing, 40
first year PPA, 16
five-parameter PV model, 48
fixed O&M costs, 68
flat rate, 39
flat-plate photovoltaic modules,
configuration page, 46
module page, 48
fluid for CSP storage, 123
fossil fill fraction, 61
fossil fuel,
backup for CSP systems, 52
system type, 36, 64
Fresnel, 53
fuel cost for generic system, 64

G

generic system type, 64
in program options, 36
geometric accuracy of HCE, 120
graph, 24
autoscale, 20, 22
descriptions, 20
export data, 33
export image, 34
legend, 20
name, 24
scale, 22
size, 20
sliders, 22
type, 24
graph info window, 24
grassy ground reflectance, 47

gross design turbine parameters, 58
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gross design turbine parameters, 58
in parasitic loss calculations, 124
in power block page equations, 122
in storage page equations, 123
ground reflectance, 47

H

HCE, 52
heat loss, 120
optical efficiency, 120
thermal losses, 118
heat collection element, 52, 56
heat exchanger, 123
fouling and annual degradation, 58
heat loss HCE, 120
heat transfer fluid, 52, 118, 120
in CSP storage calculated values, 123
temperature, 118
heater parasitic losses, 124
heating and light, 6
help, 8
hourly data,
in DView, 27
in spreadhseet, 26
HTF, 52
in CSP storage calculated values, 123
html export graph data to, 33

IBI, 44

import case, 11

incentives, 44

independent parametric, 71, 72
independent power producer, 40
indirect capital costs, 67
indirect CSP storage, 61
inflation rate, 40

initial thermal storage, 61

inlet temperature, 120

inputs spreadsheet, 26

install software, 9

insurance, 40

internal rate of return, 40, 113
inverter,

calculated values, 117
capacity, 47
derate calculated values, 116
nominal DC voltage, 114
power, 47, 114, 117
inverter page, 51
investment tax credit, 44
investment-based incentive, 44
investor-owned utility, 40
10U, 40
IPP, 40
IRR, 40, 113
ITC, 44

K
kwh / kW - year 1, 16

L

land costs, 67
layout PV array, 47, 53, 118
LCOE, 106
commercial, 106
graph, 20
in metric summary table, 16
nominal, 107
real, 107
residential, 106
utility, 107
legend,
graph, 20
text box background colors, 14
levelized cost of energy (see LCOE), 106
lifecycle cost, 106
linear Fresnel, 53
linkage parametric, 71, 77
load, 46
loan, 40
in calculated values, 113
loan financing, 40
location, 37
losses,
CSP calculated values, 120, 124
CSP parasitic, 64
CSP thermal, 118
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losses,
PV, 116

M

MACRS depreciation, 40
main window, 13
maximum over design operation CSP, 58
in storage calculated values, 123
maximum power point voltage PV, 114
maximum storage energy and power CSP, 61
in storage calculations, 123
metafile graph export format, 34
Meteonorm weather data software, 37
metrics table,
in spreadsheet, 26
on results summary page, 16
minimum cash flow, 16
minimum load, 58
minimum required DSCR, 40
minimum required IRR, 40
mirror in CSP system, 52
parameters in calculated values, 120
miscellaneous costs, 67
module page,
concentrating PV, 50
flat-plate PV, 48
module PV,
calculated values, 116
performance models, 48
ratings, 114
structure, 48, 116
module structure PV, 48, 116
monthly data,
in DView, 27
in spreadsheet, 26
in standard graphs, 20
mortgage financing, 40

N

name graph, 24

nameplate capacity for generic system, 64
net metering, 112

net present value, 16

new file, 10

night circulation pumping, 124
nominal LCOE, 107

nominal PV array voltages, 114
NPV, 16

number of inverters, 47, 114
number of modules per string, 114

o

O&M costs, 68
offset payments, 112
open circuit voltage, 114
operating expenses in cash flow, 111
operation and maintenance costs, 68
optical parameters HCE,

in calculated values, 118, 120
organic Rankine-cycle turbine, 58
orientation,

CSP solar field, 53

PV array, 47
outlet temperature, 120
output metrics table, 16

P

panel PV (see module PV), 48
parabolic trough CSP system, 52
Parameterl for graph, 24
Parameter2 for graph, 24
parametric variables, 71
text box background color, 14
parasitic losses CSP, 64
calculated values, 124
payments offset, 112
PBI, 44
PDF tab in DView, 27
percent of field CSP, 120
PF, 124
photovoltaic,
concentrating PV, 46, 50
flat-plate PV, 48
program options, 36
system overview, 46
piping heat loss temp coefficient, 118
positive cashflow requirement, 40
post-inverter derate factor, 116
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power,
CPV module, 50
inverter, 51, 117
maximum power point PV, 114
PV array, 114
PV flat-plate module, 48
PV module, 116
power block CSP, 58
calculated values, 122
fixed parasic losses, 124
power cycle, 58
power plant availability CSP, 58
power tower CSP system, 52, 53
PPA escalation rate, 40
pre-inverter derate factor, 116
price for electricity sales, 39
production-based incentive, 44
profile tab in Dview, 27
program page, 36
project costs, 66
project summary, 26
property tax, 40
pump motor losses, 64
pumping losses,
CSP, 124
PV array, 47
calculated values, 114, 116
derate factor, 116
PV array performance model, 116
PV module (see module PV), 48

R

Rankine power cycle, 58
rate of loan, 40
rated turbine net capacity, 58
real discount rate, 40
real LCOE, 107
receiver, 52, 56
heat loss, 120
type and condition, 56
types, 120
reference conditions CSP, 118
reference turbines, 58
referenced values, 14

remove software, 9
rename case, 11
required internal rate of return, 113
reset slider, 20, 22
residential,
buildings, 36
financing options, 40
LCOE, 106
resource data, 37
restart application, 9
results,
metrics table, 16
summary page, 20
viewing, 16
return on equity, 113
revenue, 106
run analysis button, 15, 16

S

SAl (Solar America Initiative), 6
sales tax,
as indirect cost, 67
rate, 40
SAM file format, 11
sample files, 9
Sandia,
inverter performance model, 51
PV array performance model, 48
SCA, 52
aperture area, 118, 120
aperture length, 120
calculated values, 120
SCA /HCE, 56
scale graph, 20, 22
schedule variable type, 14
SCIF file format, 11
selected sliders, 22
send bug report, 9
send to excel, 20, 33
sensitivity analysis, 71
sent to, 97, 103
SETP, 6
settings, 10, 16
shadowing,
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shadowing,
bellows CSP, 120
show notes, 20
simple payback, 16
simple PV derate mode, 47
single-point efficiency model, 6, 114
concentraing PV, 50
inverter, 51
PV flat-plate, 48
slider, 20
column column in metrics table, 16
reset, 22
selection window, 22
slow startup, 10, 16
snowy ground reflectance, 47
Solar America Initiative, 6
solar collector assembly, 52, 56
Solar Energy Technologies Program, 6
solar field,
size, 53
solar field CSP,
area calculated, 118
area in calculated values, 118
area in parasitic calculated values, 124
calculated values, 118
heat transfer fluid, 123

HTF pump in parasitic calculated values, 124

inlet temperature, 118
outlet temperature, 118
piping heat losses, 118
temperature, 120
solar field page, 53
solar heating and lighting, 6, 36
solar multiple, 53, 93, 118, 123
solar multiple calculated, 118
solar resource data, 37
specify range, 72
speed up the display speed, 16
spreadsheets,
inputs and results, 26
linked to inputs, 97
Standard CSP Systems.sam, 52
Standard PV Systems.sam, 46
startup mode, 16
state tax, 40

rate in calculated values, 113
Stirling engine, 53
storage,

CSP, 61

CSP calculated values, 123

PV, 52
storage dispatch fraction, 61
storage fluid number, 61
straight line depreciation, 40
strings,

modules in PV array, 114
strings in parallel, 114
support, 8
system availability,

PV, 116
system degradation, 47
Systems Driven Approach, 6

T

tabs,
for different cases, 11, 13
in DView, 27
tank heat losses, 61
tax,
credits, 44
effective tax rate, 125
in calculated values, 113
in cash flow, 110
property, 40
tax adjusted utility rate, 16
technical support, 8
temperature,
ambient CSP, 120
CSP heat transfer fluid, 118
solar field, 120
temperature correction,
CSP mode, 58
PV coefficient, 48, 116
temporary folder, 26, 33
term of loan, 40
TES (see thermal energy storage system), 61
text box backgournd colors, 14
thermal energy storage system, 52, 61
fluid, 123
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thermal energy storage system, 52, 61
pumping parasitic losses, 124
thermal input of design turbine, 122
thermal loss CSP, 120
thermal storage dispatch controls, 61
thermocline, 61
third party ownership, 40
time of use,
periods, 39, 61
rates, 39
time series graphs button, 27
TMY weather data, 37
total design point parasitics, 124
total installed costs, 113
total inverter derate factors, 47
calculated values, 116
total lifecycle cost, 106
total modules, 47, 114
TOU (see time of use), 39
tracking,
CSP solar field, 53
PV array, 47
tracking error and twist CSP, 120
transformer derate factor, 116
transmissivity HCE, 120
TRNSYS, 6
turbine, 58
turbine - TES Adjustment, 61
turbine output fraction, 61
turbine part load electric to thermal, 118
turbine part load thermal to electric, 58
turbine start-up, 58
turbine TES adjustments, 123
two tank storage CSP, 61
Typical Meteorological Year, 37

U

ubv, 97, 101, 103

UDV button, 13

unaccounted parameter of HCE, 120
undo, 16

uninstall software, 9

University of Wisconsin, 6

user assistance, 8

user defined variable, 101
user defined variables button, 13
user specified, 14
user support, 8
user-defined variable, 97, 103
utility,
cash financing for, 40
financing options, 40
utility LCOE, 107
utility rate, 39

\Y

variable background color, 14
variable names,

in DView, 27

in waterfall graphs, 30
variable O&M costs, 68
version number, 6
view input type legend, 14
voltage,

Inverter, 114

PV array, 114

w

WACC, 113
waterfall graphs, 30
weather data format, 37
weighted average cost of capital, 113
weighted optical efficiency, 120
wetbulb basis, 58
wind velocity, 120
workbooks,
inputs and results, 26
linked to inputs, 97

X

X Values for graphs, 24
xml export graph data to, 33

Y

Y2 Values for graphs, 24
year-by-year,
degradation, 47
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year-by-year,
O&M costs, 68
YValues for graphs, 24

z

ZIP file format, 11
ZValues for graphs, 24
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