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Executive Summary

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.

This manual describes Version 2.0 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.

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.
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Before you Begin
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:

e The installation file: SAM install.exe.

e A computer running Windows Vista, XP or 2000 with at least 500 MB of free disk space.
e 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.

Solar Advisor models photovoltaic flat-plate and concentrating grid-connected systems.

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

Balance of
Technology Module Inverter Storage System
Flat-plate ¢ Single-point ¢ Single-point e Under e Under
photovoltaic efficiency efficiency development development
e Sandia PV Array e Sandia
Performance Performance
Model Model for Grid-
e CEC Connected PV
Performance Inverters
Model
Concentrating e Single-point ¢ Single-point e Under e Under
photovoltaic efficiency efficiency development development
(CPV) e Sandia
Performance

Model for Grid-
Connected PV
Inverters

Solar Advisor also models concentrating solar power (CSP) systems. The current version only
models trough systems, future versions will model other types of CSP systems.



Table 2. Current status of Concentrating Solar Power modeling in the Solar Advisor Model

Collector and Power
Technology Solar Field Receiver Block Storage Parasitics
Concentrating e Layout as o Library of e Library of e Thermocline e Library of
Solar Power multiple of collector power cycle e Two-tank parameter
(CSP) design point types types Storage sets for
or specified e Library of parasitic
area receiver losses
o 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 TRNSY'S software or be
familiar with its use to run Solar Advisor.

Contacting user support

If you have any questions about Solar Advisor, please send an email to
Solar_Advisor_Support(@nrel.gov.

You can also find more information about the model on the Solar Advisor website.at
https://www.nrel.gov/analysis/sam/.

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


mailto:Solar_Advisor_Support@nrel.gov.�
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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 sam 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:

¢ 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.

w Conbre Mophcaton

'@ A errar ecosrned in the applcaton.,

fo  restart spplcation

B send bug report . 'Shiw bug neport . Close 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.
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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.

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.

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.

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:

e Define parametric variables for sensitivity studies.

e Link to external spreadsheets for detailed analysis.

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.

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

To view the case commands:

e Click the Case menu, or, right-click a case tab.
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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.

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.

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.
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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.
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Table 3. Description of text box background colors.

Background
color Description of variable type

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 Referenced: This value from a different input page appears as part of the text on the

font 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.

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

S ir iy _}J

Spreadsheet |

Time Seres Graphs |

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

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.

DL AN il
Spreadshest

Time Serias 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.
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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.
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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 LCOE
Residential Mortgage Net Present Value (NPV)
Residential Loan Simple Payback
kWh / kW - Year 1
Capacity Factor
Annual Output - Year 1
Commercial Cash LCOE
Commercial Loan Tax Adjusted Utility Rate

Net Present Value
Simple Payback
kWh / kW - Year

Capacity Factor
Annual Output - Year 1

Utility IPP LCOE

Commercial Third Party Actual IRR

System Ownership 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

kWh / 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
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.
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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 negative to positive.

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.
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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
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, /RR, that corresponds to a project net present
value, NPV, of zero:

< RequiredRevenue, — AfterTax CashFlow
(1+ IRR)"

NPV = L+ AfterTaxCashFlow, =0

n=1

The debt service coverage ratio in each analysis year (DSCR;)) is the ratio of operating income to
expenses in that year:

RequiredRevenue, — OperatingCost,,

DSCR, = —
InterestPayment, + 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,

nell,N]

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

13



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 IOU 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.

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. 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.

Groph: |EIECDIT] =]
M‘ﬂ\.l“ul.ﬁl‘n.l!
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2400t
'L|Il:-r [rezrranad] shackad baw
1 LLOE [rea] slacked ber

2 i Mmﬁ-lmmlﬂ ER ““:i

hIH."Icu IFI” ard.! (-

2. Solar Advisor displays the graph. Note the table below the graph that displays the graph
values.
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Tips for viewing graphs:

Adjust sliders to see the effect of changing input variables on the graph. Click Reset to return
a slider to its default position.

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.
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Table 5. Standard Graph Descriptions and Samples.

Annual Output

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

eh
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o s ol
After-tax cash flow for each year of the project life. _—
Cashflow Red indicates negative cash flow, green indicates ! R
positive cash flow. —
e el e
BETEY MO W ITHMN O8N ITH
. . ¥ o
LCOE Real and nominal levelized cost of energy on a E’:

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.

Monthly Output

Monthly average values of system output for each
month of the year.
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Monthly
Energy Flow
(CSP only)

Monthly average incident radiation and output at
various points in the concentrating solar power
system: solar field output, power block input, power
block output, net electricity (after parasitic losses),
net electricity (after availability factor).

P P,
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Adding and removing sliders
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A slider is a user interface element that allows you to dynamically change the value of some
independent variables in graphs and see the effects on the graph. You can use sliders to see how
changes in an input value impact any result that is displayed in a standard or custom graph. Solar
Advisor allows many input variables and all parametric variables to be 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.

ST aER il
Spreadsheet

Time Serias Graphs

2. Select a graph to view in the Graphs list.
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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 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.
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4. 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.
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5. Click —2_! to add the highlighted sliders to the Selected box.

Available Selected

Flat Feate g/ ewhy Loan [Debd] Fracton %]
I Froperty Tas [$iyes)
Erudkimey Pt lusar|

You can remove sliders by selecting slider names in the Selected box and clicking <1 To
remove all sliders, click _« |

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.

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.
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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.

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 [Aneud Output - | | quug |

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.
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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.

Gimghs |Parametermed Storage = | B, | Aadd | l"rlefel Shdery

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.
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4. 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.

6. 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.

7. 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 graphs. all
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 displayed bar, line, stacked
on right side of graph. bar

ZValues Vertical axis of three-dimensional surface plots. surface, contour
Colored lines on contour plot.

Parameter1 Parametric variable to display on x-axis. Variable names only bar, line
appear when one or more parametric variable is defined.

Parameter2 Second parametric variable to display on x-axis. Variable names bar, line
only appear in list when two or more parametric variables are
defined.

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.
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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.

T Ay ‘-ﬂ
Spreadshest

Time Serias Graphs

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

Cane Summany L]

Frogram

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:

e In the cash flow spreadsheet, the values in the After Tax Net Equity Cash flow row are
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.
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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.

Spreadsheet

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.

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:

e 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.

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

e 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
E_dump MW solar electric generation in excess of power plant maximum 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
Q_dump MW the amount of energy dumped (in excess of turbine and 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 output 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
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/m  global horizontal radiation

2
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IncBeamRad kW/m incident beam radiation
2
IncDiffRad kW/m incident diffuse radiation
2
IncTotRad kW/m incident total radiation
2
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.

2. In the results area of the navigation menu, click Time Series Graphs. If necessary, click
Run Analysis first.
DL AN E

Spreadeliest

Time Serias Graphs

In the DView window, click either the Hourly, Daily, or Monthly tab.
4. 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),
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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.

6. 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.

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

Properties in the pop-up menu.

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

Waterfall variable name

Description

Sol_Rad_Inc_on_Coll(Qdni)
Less SF_Inc_Ang_Losses
Less_SF_Auvailability Losses
Less SF_Opt Eff Losses
Less_Receiver_Thermal_Losses

Less_Piping_Thermal_Losses

Less_No_Operation(Low_Insol)

solar radiation incident on collectors (Qdni)

minus Incidence angle for solar field (QSFnipCosTh)

minus solar field availability (QnipCosTh*SFAvail)

minus solar field optical efficiency (QSfAbs)

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

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

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

ThermalEnergy_Del_by_SF
Less TES Full_Losses
Less TES_Thermal_Losses
Less_Turbine_StartLess _Up_Losses
Less_Excess_above PowBIck&TES
Less_Below_Turb_Min

ThermEnergytoPB-solar
ThermEnergytoPB-fossil

thermal energy Delivered by solar field (QSF)
minus TES full losses (above - QTSFULL)
minus TES Thermal losses (above - QTSHL)
minus turbine start-Up (above - QturSU)
minus excess to power block / thermal energy storage
minus the energy below turbine min (above Less_
Qmin)
thermenergy to power block from solar (Q_to_PB)
thermenergy to the power block from fossil

ThermEnergytoPB-Total
EPGS_Losses

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

Gross_Electric_Generation
Parasitic_OnLine_SelfGen
Parasitic_OffLine_SelfGen

gross electric generation (E_gross)
parasitics (on-line self generated)
parasitic losses (off-line self generated)

Net_Electricity_Generated

net electricity produced (E_net)

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
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tables of data. Solar Advisor also displays results of hourly performance calculations in graphs,
or allows them to be exported as Excel spreadsheets.

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.
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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.

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. Display the table on the Results Summary page.

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

26




Output Meazure Base Case Yalue
LCOE [Reallcents/kwh) 34.30
LCOE [Mominalllcentsdkdtwh] 4418
Met Prezent Value($z) -18.367.78
Simple Payback[vears] »30
kb AW - Year k) % 1.677.88
Capacity Factor(%] 19158
Annual Output - Year 1(Kwh] E.711.52

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

Microsoft Excel - Book1
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| 2 | Output Measure Base Case Value
3] LCOE (Real)(cents/kWh) 343
| 4 | LCOE (Nominal)(cents/kWh) 44.18
L2 Met Present Value($s) -18,367.78
| 6 | Simple Payback(years) =30
Ered kWh / KW - Year 1(h) 1,677.88
| 8 | Capacity Factor(%) 19.15
29 | Annual Output - Year 1(kWh) 6,711.52

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.

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 DView

window, click Time Series Graph in the navigation menu, or click View Data on the
Climate page.)

2. Right-click the graph and click Copy on the shortcut menu. In DView, choose Copy Bitmap
or Copy Metafile.
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Solar Advisor exports graph images as bitmaps.

4. 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.

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

Program
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The Program page displays options that determine the set of input variables that Solar Advisor
makes available for the case. The Technology options determine the set of options that appear on
the System pages, for either a photovoltaic system, concentrating solar power system, or generic
system. For each 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)

Photovoltaics Central Generation ¢ Independent Power Producer
(IPP)

Investor-owned Utility (I0U)
Cash

Loan

Third-party Ownership

Cash

Mortgage

Loan

Commercial Buildings

Residential Buildings

Concentrating Solar Power Central Generation Independent Power Producer
(IPP)

Investor-owned Utility (I0U)
Cash

Loan

Third-party Ownership

[ ]
Distributed Generation .
[ ]
[ ]

Solar Heating and Lighting None None

Generic Central Generation ¢ Independent Power Producer
(IPP)

Investor-owned Utility (I0U)
Cash

Loan

Third-party Ownership

Cash

Mortgage

Loan

Commercial Buildings

Residential Buildings

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.
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The Climate box in the navigation menu shows the location name for the solar resource data that
Solar Advisor will use for simulation, in this case, TMY?2 data for Phoenix, Arizona.

e Click the Location arrow to view a list of all available TMY2 locations.
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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 A text file in TMY2 or EPW format.
e 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
TMY?2 (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.
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If the location you are modeling is not in the list, you can:

e Add locations to the list by adding files in TMY?2 format to the SAM weather data folder.
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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 TMY?2 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 at
http://apps|1.eere.energy.gov/buildings/energyplus/cfm/weather data.cfm

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.

=i mESE Sevilla S'WEL !
EGY_Cairo.Intl&irport_E T epw -
ESP_Almeria_S'WEL.epw

UG, Ca,_CZ01RVZ epw
US4 T4 CZ02RVZ epw
US4 T4 CZ03RV2 epw

AF. Anchorage.tm2
AK Arnatta bin?

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.

All Regions : Asia WMO Region 2 : Bangladesh

Bogra (SWERA) W epwy B STAT W zip
Chittagong-Patenga (SWERA) W Epw B STAT W zIp
Coxs Bazar (SWERA) H Epy B STAT W zZIp
Dhaka [SWERA) EPW B STAT m zip
Ishurdi (SWERA) EPW B STAT H zIp
Jessore [SWERA) W Erw B STAT | ZIp
Rangpur (SWERA) B epw B STAT M zIp
Sylhet (SWERA) W EPw M STAT u zip

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 Pacific WMO Region 5 : Malaysia

George Town (IWEC) B STAT m zip
Kota Baharu (IWEC) M STAT u 7ip
Kuala Lumpur (IWEC) W STAT Zip
Kuching (IWEC) B STAT ZIp
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The utility rate is the price per kilowatt hour paid to the project for electricity generated by the

system. Payments and revenue from electricity 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.

Financials
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The Financials page displays the variables that Solar 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 at 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 (IOU). All utility projects are funded through a combination of
debt and equity that earn revenues from electricity sales.
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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.

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.

Utility Independent Power The project earns revenues through electricity sales to

Producer (IPP) 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 (IOU)  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.

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 cash financing.
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Table 13. Financials page variables.

Applicable
Variable Name Market Description
Analysis Period All Number of years covered by the analysis. Typically equivalent to the
project or investment life.
Annual rate of change of prices, typically based on a price index. Solar
Inflation Rate All Advisor uses the inflation rate to calculate costs in the cash flows for
years after year one.
A measure of the time value of money expressed as an annual rate.
Real Discount All Solar Advisor uses the real discount rate to calculate the present value
Rate (value in year one) of cash flows over the analysis period and to
calculate annualized costs.
The amount of money borrowed to cover installation expenses. Solar
Advisor calculates the loan amount based on the Loan (Debt) Fraction
[Loan] Amount All and the Total Installed Costs on the Costs page. See Equations for
Calculated Values, Financials for a description of the loan amount
calculation.
Percentage of the total installed cost that can be borrowed. For analysis
Loan (Debt) All of utility IPP projects with a goal of minimizing LCOE, the loan fraction
Fraction and PPA escalation rate should be adjusted so that the minimum
constraining assumptions are met.
[Loan] Term All Numbgr of years required to repay a loan. Can be more or less than the
analysis period.
[Loan] Rate All Loan interest rate.
E Com- Federal and state income tax rate. Applies to annual income from
ederal Tax, . . ) ) - o
mercial and incentives for all projects, and to revenues from electricity sales for utility
State tax o ;
Utility projects.
Com- Annual tax paid on project property, expressed as a percentage of total
= X installed costs. Solar Advisor treats property tax as a tax-deductible
roperty Tax mercial and :
Utility operating expense for each year. In each year, the property tax expense
is the property tax rate multiplied by the annualized installation cost.
A one-time tax paid in year one on equipment purchases during
Sales Tax All 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.
Com- An annual operating expense expressed as a percentage of total
Insurance mercial and installed costs.
Utility
Modified Accelerated Cost Recovery System depreciation schedule
MACRS Mid- Com- offered by the Federal government and some states. This tax deduction,
Quarter mercial and expressed as a percentage of the total installed cost, applies to the first
Convention Utility years of the project life as follows: 35%, 26%, 15.6%, 11.01%, 11.01%,
and 1.38%.
Modified Accelerated Cost Recovery System depreciation schedule
MACRS Half- Com- offered by the Federal government and some states. This tax deduction,
Year mercial and expressed as a percentage of the total installed cost, applies to the first
Convention Utility years of the project life as follows: 20%, 32%, 19.2%, 11.52%, 11.52%,
and 5.76%.
Straight Line Cqm- A deprecigtion schedulle offered by the Federal government and some
depreciation mercial and states. This tax deduction is 20% of the of total installed cost and applies
Utility to the first five years of the project life.
Solar Advisor calculates an electricity sales price for each year in the
PPA Escalation Utility project life using the PPA (Power Purchase Agreement) Escalation Rate

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
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Applicable
Variable Name Market Description

adjusted so that the minimum constraining assumptions are met.
The lowest value of the internal rate of returned required for the project

'V"”'"?“m Utility to be financially feasible. The internal rate of return is the discount rate
Required IRR . ;
that results in a project net present value of zero.
Minimum The lowest value of the debt-service coverage ratio required for the
Required Utility project to be financially feasible. The debt-service coverage ratio is the
DSCR ratio of operating income to expenses in a given year.
Positive o A requirement that the annual project cash flow be positive throughout
Utility ; ;
Cashflow the project life.
Incentives
Eamirreramirat
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The Incentives page provides a variety of options for entering most of the incentives and tax
credits available to residential, commercial, and utility projects in the United States. Note that
some incentive-related inputs such as state and federal depreciation and taxes are on the
Financials page.

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.
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Table 14. Summary of incentives and tax credits.

Applies
Incentive Name Type Incentive Calculation in year
Investment tax credit, ITC Investment, as percent of Total Installed Costs ($) x 1
Investment-based incentive, capital investment Incentive Percent (%)
IBI
Investment tax credit, ITC Investment, as fixed amount Amount ($) 1
Investment-based incentive,
IBI
Capacity-based incentive, Investment, as function of Incentive Rate ($/W) x Array 1
CBI system size Size (kW), or
Incentive Rate ($/W) x
Rated Net Capacity (MWe)
Production-based incentive, Production, as function of Incentive Rate ($/kWh) x All, or
PBI system output Annual Output in Year n Year 1
(kWh) x thru term

[1 + Escalation (%)]Year n
(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.org.

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.
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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.

Loads

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

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:

e Configuration

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

Configuration
S
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The Configuration page displays options for a photovoltaic system and that determine whether
the system is based on flat-plate or concentrating photovoltaic (CPV) technology, how the
system is mounted, whether the system uses 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.
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[Fiak Flabe e
[0 20w et ﬂ

[BP Sclw BPEVEEc 5] 3|

The Array page displays variables and options that describe the array layout, loss and
degradation factors, and tracking and orientation of the collector.

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.

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

e To select a performance model, in the Module/Array 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
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.
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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.
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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
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 module's I-V curve, and thus the modules power output.
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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/m?2 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 TMY?2 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.
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The Module page displays the characteristics of the performance model for concentrating
photovoltaic (CPV) modules when the System setting on the Configuration page is
Concentrating.

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.
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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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The Inverter page displays the characteristics of the of the Inverter model. The current version of
Solar Advisor includes two inverter performance models, the Sandia Performance Model for
Grid-Connected PV Inverters model and the single-point efficiency model. The Sandia model
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.

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.

e 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 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.
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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.

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.

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

e Configuration

e Solar Field

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

e Storage

e 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.

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).

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.
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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.

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

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.

Max
Min HTF Operating
Temp Temp
Name Type °C °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 VP-  mixture of 50 400 12 Standard for
1 biphenyl and current
diphenyl oxide generation oil

HTF systems

47



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

Max

Min HTF Operating
Temp Temp
Name Type °C °C Freeze Point Comments

Hitec Nitrate salt 175 500 140 For high-
temperature
systems

Dowtherm Q Synthetic oil -30 330 -50 New
generation

Dowtherm RP  Synthetic oll -20 350 -40 New
generation

Orientation and Tracking
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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.

Tracking
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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.
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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 Assembily (504)

Collzctar Type |Solargenix SGEx-1 ﬂ Library
Sca Length ,W m Tracking Erraor and Twist ’w
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Incident Angle Modifier Coeff 1 [ 1 Concentiator Factor | 1
Incident ngle Madiier Coeff 2 | 0.0506 Solar Field &wailabilty 033

Incident Angle Madifier -Coeff 3 01763

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.

Table 16. Default collector types.

Name Description Location
EuroTrough ET150 Torque box, galvanized steel SEGS V, Kramer Junction, California
Luz LS-2 Torque-tube, galvanized steel SEGS | - VII, Kramer Junction, California
Luz LS-3 Bridge truss, galvanized steel SEGS VIl - IX, Kramer Junction, California
Solargenix SGX-1 Organic hubbing structure, Nevada Solar One, Boulder City, Nevada

extruded aluminum
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Receiver/Heat Collection Element (HCE)

e verdfeal £ i HCE)
aceiver 1 Receiver 2 eceiver 3 Receiver 4
Library Fieceiver Type | Schott PTRTD j Schatt PTR7D j Schatt PTRT0 j Schott PTR70 j
and Condition | ¥acuum Lost Vacuum Broken Glass Hydiogen
Percent of Ficld 037 002 o [
Ontical F
Bellows Shadawing 03 033 [ 034
Enwelope Transmissivity 03963 0363 1 0963
Absorber dbsorption 098 036 ik:] 096
Unaccounted 1 1 1 1
Optical Efficiericy (HCE) 773 773 6683 773
Opical Efficiency (weighted) ET]
Heat Loss Parameters
A0 Heat Loss Cosfliciert | 18615 | 016634 | 118.25 | 22419
A1 Heat Loss Coefliciert | 018741 | 087716 | 097124 | 13648
42 Heat Loss Coefliciert | -0.0011594 | 0.00075342 | 00110638 | 00010516
43 Heat Loss Cosfliciant 6 GO26E6 57I23E6 2925465 LEINES
£4 Heat Loss Cosflicient 8803468 4.4504E-8 TIEET SISES
45 Heat Loss Cosfliciant 041215 4.2153 0051 37595
45 Heat Loss Cosfliciant 0011763 01333 52662 0.33064
Heat Loss Factor 125 125 125 125
Minimum ‘Windspeed [m/s] [i 0 05 0
Receiver Heat Losses [wi/m] 2BB.363 EE0.884 434589 1280423
Thermal Lasses [weighted Ww/m) 315088
Themmal Losses (weighted /m2) 54741

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 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.
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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
Fated Turbine Met Capacity 100 mMwe

Design Turbine Gross Output 10 Mwe
Power Plant Avwailability 94z
Annual 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 OQutput 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 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.
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Power Cycle

Power Oyoie

Ref System |SEGS 20 Mwie Turbine ﬂ Library

System Type |Steam RH

Design Turbine Thermal Input 13243 Mwit Turbine Start-up Time 0.5 hrs
Design Turbine Gross Efficiency 0.3774 Turbine Start-up Energy® n.z
Maw Owver Design O peration® 115

Minirmum Load* 015
Fo Fi F2 Fa F4
Tub. PartLoad Themto Elee | 0037726 [ 10062 | 0076316 | -0.044775 | 0
Tutb. PaitLoad Electo Them | 003737 | 098823 | 0064331 | 0033338 | 0
Cooling Tawer Carection | 1 | 1] | 1] | 1] | 1]
Temperature Correction Mode |wetbulb basiz j

* fraction of design point

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 includes six reference turbines. The reference turbines include five conventional
Rankine-cycle steam turbines in a range of sizes, and one organic 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 Solar Approximate

. . Operating
Field Slzez Range Temperature Suggested Modeling
Reference System m °C Application

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

300C power block

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

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

SEGS 30 MWe Turbine 180,000 - 230,000 300 - 400 Typical applications

SEGS 80 MWe Turbine 460,000 - 480,000 400 Typical applications

Siemens 400C HTF 400 High-temperature heat

transfer fluid

The Turb. Part Load Therm to Elec power cycle parameters F0, F1, ..., F4 are coefficients for
a set of equations used to model the turbine cycle's thermal to electric energy conversion
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efficiencies. Solar Advisor automatically chooses the correct coefficients when you select a
turbine in Ref System. Y ou 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 F0, 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

e For no temperature correction, set all five Cooling Tower Correction parameters F0 ... 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.

Nexant Nexant Siemens

Parameter Name SEGS 30 SEGS 80 APS ORC 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 0.3749 0.3774 0.2071 0.3957 0.4076 0.3736
Efficiency
Max Over Design Operation 1.15 1.15 1.15 1.15 1.15 1.15
Minimum Load 0.15 0.15 0.15 0.15 0.15 0.15

Turb. Part Load Therm to Elec -0.0571910  -0.0377260  -0.1593790  -0.0240590  -0.0252994 -0.0298
FO
Turb. Part Load Therm to Elec 1.0041000 1.0062000 0.9261810 1.0254800 1.0261900 0.7219
F1
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Turb. Part Load Therm to Elec 0.1255000 0.0763160 1.1349230 0.0000000 0.0000000 0.7158

'Ilz'ﬁrb_ Part Load Therm to Elec -0.0724470  -0.0447750  -1.3605660 0.0000000 0.0000000 -0.5518
'llz'ﬁrb_ Part Load Therm to Elec 0.0000000 0.0000000 0.4588420 0.0000000 0.0000000 0.1430
TF'ﬁrb. Part Load Elec to Therm 0.0565200 0.0373700 0.1492050 0.0234837 0.0246620 0.044964
'llz'grb. Part Load Elec to Therm 0.9822000 0.9882300 0.8521820 0.9751230 0.9744650 1.182900
'T'lrb_ Part Load Elec to Therm -0.0982950  -0.0649910  -0.3247150 0.0000000 0.0000000 -0.563880
'llz'ﬁrb_ Part Load Elec to Therm 0.0595730 0.0393880 0.4486300 0.0000000 0.0000000 0.467190
F3

Turb. Part Load Elec to Therm 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)

Thermal Encrgy Storage [ FES)

Equiv. Full Load Hours of TES E his Maxirum Energy Storage [1748.80763  Mhwhit
Themacline ar Two-Tank TES |Two Tank = Design Turbing Thermal [nput 29147 Mwit
- o
Storage Flid Number [SolarSat v Iniial Thermal Starage Mwht
Tank Heat Lozses 097 Mwit

Heat Exchanger Duty*
Turbine TES Adj. - Efficiency” 0.385
Turbine TES Adjustment - Gross Output® 0938

Masimum Power To Storage [BF0.376258  Mw'

Frimary bed material ’—_|
Secondary bed material ’—_|
Thermnocline Temp Degradation ’7 C
Thermacline Efficiency Adifor TES= [
Thermocline Output &dj for TES* ’7

Mawimum Power From Storage |339.611932 My
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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 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.

Hours of Thermal Storage

System 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
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Prirnary bed material |Quartzite -
Secondary bed material |Sand -
Thermocline Temp D egradation 80 C

Themocline Efficiency &dj for TES* 0.99

Thermocline Output Adj for 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 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

Fhermal Slorage Dispaich Conlrols

TOu 1 Tou 2 T0U 3 TOU 4 TOU S TOU 6
Storage Dispatch Fraction (with Solar)* | ot | ot | ol | a1 | o1 | s
Storage Dispatch Fraction [without Solar]* | ol 03 | 0g | 03 | 08 | 049
Turbine Dutput Fraction” | 11 1 1 1 1| 1
Fossil Fill Fraction® | o o o (i o 0

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.
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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.

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
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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 Program Technology is
Generic:

Swlom
Hameplate Capaciy [ 1O g
Capaciy Factho —_'g 4
Bvaplsbaly 0 x
Dierste I x
First "V'mar Annussl Duipok 1 TH1a0 Ewh
finnual Dlegraciation o=
Heat Fate | 10 MMETU= M

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

EF-i.ts.t"faa:Dutp‘ut = E:‘{a.maplata | FCapa{:ityFa{:mr' F_-'Lvailability' (1 - FDarat;J

Equation Solar Advisor
Variable Variable Units Description
First Year KW The generic system's total output in the first year,
EFirstYearOutput | Annual Output before annual degradation applies.
ENamePlate g:r:aec;?:;te % The rated capacity of the generic system.

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.
F, . Capacity Factor | % Base load plants typically operate at capacity
CapacityFactor 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.
The number of hours per year that the generic
system is able to produce electricity divided by the
FAvailability Availability % 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.
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.

FDerate Derate %

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 = CCostOfFuet - F HeatRate ~ £ First VearOutput

Equation Solar Advisor Variable Units Description
Variable
Crs Fuel O&M Expense $iyr The total cost of fuel for year
FirstYearFuel (reported for Year 1 in the one of the project cash flow.
project cash flow)
C Cost of Fuel (from the $/MMBTU The rated capacity of the
CostOfFuel Costs page) generic system.
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F Heat Rate MMBTU/MWh | The generic system's efficiency,
HeatRate or number of MMBTU of heat

required to produce one MWh of

electricity.

First Year Annual Output kw The generic system's total

electricity output in the first year,

before annual degradation.

EFirsty. earOutput

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.

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 at
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.

e 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.
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e 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.

e 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.

e 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.

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 Category Units Description
Fixed (per year) $ Annual fixed first year cost.
Fixed (per capacity) $/kW-yr  Annual first year cost proportional to the system size in kW, 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.
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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 for the
variable.
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Right-click. a cost categaon.
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2. In the 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.
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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.

Operafion and Manfenance Costs

Right-click. a cost categony.
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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.

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 View | Casa Help
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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.
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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 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 Parametrics1. 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.
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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 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 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.
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On the File menu, click Save As and choose a name for the file, such as Parametric
Examples A.sam.

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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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.

On the Climate page, choose CO Boulder.tm?2 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.

On the Case menu, click Define parametrics to open the Define Parametric window.
In the Define Parametric window, under Independent Parametrics, click Add 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.
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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.

14.

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.
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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.

Click OK to close the Edit Variable window, and again to close the Define Parametric
window. On the Array page, notice that Solar Advisor displays the Tilt box with a 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.
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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 TRNSY'S 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.

1 B LCOE (real) (¢/kWh)
[ LCOE {nom) (¢/KWh)

U_
0 10 20 30 40 50 60
Tilt (%)

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.
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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).

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).

2. Create a copy of the Example 1 - Independent case: right-click the Residential Flat Plate
System tab, click Duplicate on the shortcut menu.
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3. Rename the new case to "Example 2 - Independent with Linkage" Right-click the case tab
and click Rename on the shortcut menu.

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

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

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

8. In the Add Variable window, click Tilt and Location. (Scroll up to the Climate section to
find the Location variable.)
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9. 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 buttons
(Add Variable, Delete Variable, Edit Linkage, Delete Linkage) should be active.
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10. Click Edit Linkage to open the Edit Linked Group window.
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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 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.

| X _cxesl |
My - ¥
14. Click OK to close all of the parametric windows and return to the Array page.
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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 TRNSY'S 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. In the 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.

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
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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.

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

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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Delete the remaining cases to reduce clutter in your file by right-clicking each case's tab and
clicking Delete on the shortcut menu.

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

In the Tilt Input Type window click Parametrics g
In the Define Parametric window, under Combination Parametrics, click Add Variable.

In the Add Variable window, scroll to the Array section and click both Azimuth and Tilt to
define them as parametric variables.
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10. 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.

11. In the Define Parametric window, click Edit Combo to display the Edit Group window. The
CombinationParametrics1 box should have a green background indicating that it is active.

12. 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.

13. 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.

14. 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.

75



BED Forvbm |
Updae vabs | v Ok | X Cancel |
i,

v 0t | X Caesl |

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.

incinment 1000 | |

8 of ntervals [ —

Update Vakies | v 0t | X Coeel |

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.

Solar Advisor displays an Information window telling you the number of TRNSY'S
simulations and approximate time the analysis will take, in this case 49 simulations. Because
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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.

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

4. 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 0 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.

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

Graphe |,.Enud Dutput -| | | q.j.jl\l |
14

6. 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.

’Graph Info A ﬁ
Mame |Array Orientation
Graph Type |E0ntour ﬂ
# Walues |A2imuth j
Dalues |AnnuaIDutput ﬂ
‘Walues |Til =]
Vv 0K X Cancel |

7. Click OK to create the graph.

8. 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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9. 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.

10. Save the file.
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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.

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

ET e b - e U S
Indegendsri Farsmehics Eerrbinalion Pstmehics
tadvarsis | [ iadd Vanable | SR Il Combingson Paamecs 2
| Delete Vasiskle | |
Edi Combo |
Deloke Cont |

WOTE: Linkages apply to aff Independsnt Parametnics and Combination Pacametics for this case

[w o | 3 Cocal |
4. Under Combination Parametrics, select Tilt and click Delete Variable.
Combinaton Paramsnos
Combirstion Patasebics 2

apdymabe | [T RO

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.
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11.

12.
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Under Linkages, click Add Variable.

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

The Location and Tilt variable names should appear in the Linkage 1 box.
Lirk ages
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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.

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.

Locatum Tit

= CO Bouldertm2 - 4
T Los dingele el w |34
T Wizt i w 4]

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 Qutput vs Location. in the Add
to open the Graph Info window.
[N i Dtpi v LocatedR| il
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Click Add to open the Graph Info window.
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)
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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
Parameterl1 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.
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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.

6. Double-click the graph to display the chart editing window.

4. Editing Chart1
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7. In the 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
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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 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.
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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.

85



Equis Full Load Hours of TE

[0
E
(2
I

2

HOTE: Linkages spp o sl Inds

v o | X Canesl |

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.

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

Graphs |EIEEER= ] =la] Edit | Add | Delete| Sliders|

“sninual Output

“Cashflow
“LCOE
*LCOE [nominal] stacked bar
3{+LCOE [real] stacked bar =0
3 .F'ararnetriu:: Storage Results | 3
1 -

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.

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
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PV Systems.sam, and User Guide Workbook Example.xls, which are copied to the Solar Advisor
folder when you install the software.

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 UDYV, 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.
e 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.

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

88



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

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 ] ¢ T b [ E

Solar Advisor
input page Value Units
Sent To

Q&M as percent of total cost Costs (UDV) 1 %
Array Power Agray 4 kW
Total Installed Costs Costs $16.000 $

JrY) JrY
Iml_lcmm-qm mhuml—t

Captured From
13 D&M Fixed (per capacity) | Costs [ 40 | shwW-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
T Sent To
8 O&M as percent of total cost Costs (UDV) [E] %
ii Amay Power Array a il kW
10| Total Installed Costs Costs | 16,000 [ S
11
12 | Captured From
13| OBM Fixed (per capacity) [ Costs [ 40 ] ShW-yr

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
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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.

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

B. Define the Captured From variable

Use a Captured From variable to 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.)
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Solar Advisor displays the Input Type window.
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. In the Input Type window, click Captured From, under Workbook, click J, and double-
click the workbook name User Guide Workbook Example.xls.

. 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
© UserSpecind [ 782
\workbook Hasned Range
% CaptuedFiom [CASAMWorkbooks | [Fred por_Capocty | 2|[~ 4
™ Parsrainer W

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
s0, 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.

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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. Create a UDV
On the Residential case's Costs page, click Add UDV.

. 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, &.)

. Under Sent To, select the workbook User Guide Workbook Example.xls, and under
Named Range select Percent Installed Costs.
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4. Click OK to return to the Costs page. Solar Advisor displays the user-defined variable at the
bottom of the page.
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Tip. To edit the properties of the UDV, right-click the variable.

D. Define the Sent To variables
Define Sent To variables to 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.
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3. Click OK to return to the Array page.
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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.
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T [Mastied Biange |

CW5AM s ok books\Llsed Gude Waoskhook Evample Ha * | Instabed_Costs

LR NIE AR NI SR D RSl EE

v ok | X cancat |

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.

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.

M C:\SAM_beta\Samples'\Workbook Example_sam
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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.
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Managing 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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e To disable a Captured From variable and preserve the connection between Solar Advisor and

the external workbook, right-click the variable name on a Solar Advisor input page, and in
the Input Type window, click User-Specified.
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e 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.
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e 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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Appendix 1: 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
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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:

N

L0, xLCOE _
S (+d)  Ha+ad) +d)

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 » = 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., Cy is equivalent to the project's capital costs.

Solving for LCOE gives:
>
rcop ==+ d)

N Qn
;(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.
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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, Ryeqyired,n 18 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:
N
Z requlredn
rcoE = =2 4* d)
Z:‘ 1+ d )"

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 R '
Z Cn - or Z requlred’;n
real LCOE = 2= (I d) o (15d)

Z v (1 +dm,1)

Similarly, for the nominal LCOE, the nominal discount rate appears in the total energy output
term:

i C ZN: required,n
nominal LCOE = 2227 a (+d)"

Z(1+a’

n=l1

a

nominal )
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.
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The real discount rate and nominal discount rate are related by Equation 7, where d,,p,in4q1 15 the

nominal discount rate, d,,; is the real discount rate, and e is the inflation rate:

dnominal =1+ dreal)(l +e)-1

Appendix 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:

e After-tax net equity cash and cost flows
e State and federal taxes

e Total operating expenses

e 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.

After tax net equity cash and cost flows

A B & D E F
1 Base Case Pro-forma for "100 MW Baseline w 6hrs TES" in "C:ASAM\Samples\Standard CSP Systems.sam” i
2
4

3 Year 0.00 1.00 2.00 3.00

82 Production Tax Credit 0.00 0.00 0.00

83 Investment Tax Credit A7 537 470.90

84 Tax Savings (Liability) 88,466,920 85 2396999275 11,544 994 72 5.943.23
85  State and Federal Tax Savings (Liability) 99,469 461.16 30,413,539.18 14,648,487.93 7,540,882
86 After Tax MNet Equity Cash Flow (237 687,354 458) 118,927 146.34  50170,915.70 34,705128.33 27,596,269
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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:
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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 (IOU) financing show a
required revenue stream in the cash flow spreadsheet instead of the cost and cash flows.

State and federal taxes

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 4.
58 Tax Effect on Equity (Federal)
29 Operating Income 43,666,667.24 43,966,358.58 44 26562246 44 564 368.
60 Investment Based Incentives (IBI) 0.00
61 Federal IBI 0.00
62 State 1BI 0.00
63 Utility IBI 0.00
64 Other 1BI 0.00
65 Capacity Based Incentives (CEI) 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 PBI 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 1668,062,090.73 117.417.553.11  70,450,531.87 49,721,817,
76 Interest Payment 19,014,988.36  18.599.468.86 18,150,707.81 17,666,045
i Sales Tax 23,768,735.45
78 State Tax Savings (Liability) 11,002,540.31  6.443,546.44  3,103.493.20 1,597,644,
79 Total Income (146,176,606.99) (55,607.116.96) (41,232,124.01) (21,225,849
80 Total Taxable Income (146,176,606.99) (55,607.116.96) (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) 86,466,920.85 23.969,992.75 11,544.994.72 5943237
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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
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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.

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.
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Total operating expenses

A B & D E F
1 Base Case Proforma for "100 MW Baseline w 6hrs TES" in "C:\SAM\Samples\Standard CSP Systems.sam”
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 699978
13 Variable O & M Expense 25481475 261,185.12 267,714.74 274,40
14 Insurance 2,376,87354 243629538 249720277 255963
15 Property Taxes 0.00 0.00 0.00
16 Total Operating Expenses 9,131,688.29  9,359,980.50  9,593.980.01 9,833,82
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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.

Total debt payment

A B ® D E F

1 Base Case Pro-forma for "100 MW Baseline w 6hrs TES" in "C:A\SAM\Samples\5tandard C5P 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 4426562246 4456436
27 Debt Interest Payment 19,014,988 36 18,599,468.86 18,150,707.81 17,666,04
28 Debt Repayment 5,193,993.70 560951320 6,058,27426  6,54293
29 Total Debt Payment 24.208,982.06 2420898206 2420895206 2420898
B e e NP “__,'r-."-“w PR o gt e e S

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.
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Project income (revenue and offset payments)

A B C 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 Output (kWh) 19,463,671.25 19,269,034.54 19,076,344.19 18,885,580.
5 Electricity Purchase Price ($/kWh) 0.00 0.00 0.00 0.
B
T Offset Electricity Payments
8 Offset Payments (assumes net metering) 0.00 0.00 0.00 0.
Q.
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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

A B c D E F
1 Base Case Pro-forma for "100 MW Baseline w 6hrs TES" in "C:\SAM\Samples\Standard C5P Systems.sam”
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
b Electricity Sales Price (5/kWh) 0.15 0.15 0.15
B
7 Operating Revenues
8 Revenues 52798,355.53 1 53,326,339.08 53,8569.602.47 5439819
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For utility projects, the operating income is determined in each year by the annual output and 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

Appendix 3: 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.
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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.

foan

Loan [Diebi| Fraction | 9000 X
Term | ET] pear:
Fata __E[!_EI Khpand

LoanAmount = Cropailnstaties ~ F DebtFraction

Weighted Average Cost of Capital
Wanighiod Average Cost of Copaial

wart [
The weighted average cost of capital (WACC) is defined as the minimum return that the project

must earn to cover financing costs.

WACC = FRratwmOnEquity * (1 — FDattFraction) 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:

For utility projects, the return on equity is the required internal rate of return, also an input on the
Financials page:

FRatumDrlfquity = RequiredIRR
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Equation Variable Solar Advisor
LoanAmount Amount
CTotallnstalled Total Installed Costs on the Costs page
FDebtFraction Loan (Debt) Fraction
FlLoanRate 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.

£ ayrerod
Modules per Sting | 10
Strgn in Parglel | 2
T Modues [0 B
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Wik [etng) | His v
Vo |stingl [N v
Vrom [de-rmerter] [0 HIB Y
=
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Total Modules

Total modules is the number of modules in the array.
NTotaModutes = NV\ModulesPerString ~ VitringsInParatlel
Array Power

The array power is the maximum DC power output of the array.

— C AT
P jeray = Phriogule * NTotaModules

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.

Vore. =V, - N s :
OCEtring — ¥ OChlodule <Y MhodulesPerftring
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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.

— AT
Plnvartar - PI‘L‘[TEEI:E‘EDC N Inverters
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Equation Variable

Solar Advisor

Ninverters Inverters
Modules per String. When the module type on the Module
page is an array from the Sandia database, Modules per
NModulesPerString String represents the number of arrays rather than number of
modules.
NStringsInParallel Strings in Parallel
P grray Array Power
Pluverter Inverter Power
PowerDCo or Power (dc) from Inverter page. Depends on
PlverterDC performance model.
Pmp or I_mp_ref 0 V_mp_ref or Power, from Module page.
Phptodule Depends on performance model.
Voc or V_oc_ref, from Module page. Depends on
VocModule performance model.
YOCString Voc (string)
Vmp or V_mp_ref, from Module page. Depends on
VMPModule performance model.
VMPString Vmp (string)
VNomDClnverter Nominal Voltage (Vnom) from Inverter page
VNomDClnverterTotal Vnom (dc-inverter)
PV Derate
Devcenter

" Dretaied

PV module nameplate DC ating [ 100 %
Mamach [ 100 %
fiodes and connections | 100 %
DCwrg [ 100 %

Sodrg [ 100 %

Shadeg [ 100 %

Surrtracking I

Toksl pos-nwerie devsts Lactor I 1 x
Awarg [ 10 %
Tiansfomer [ T

Sytem svalatdy | i %

% Simple:

100

Totad peoid wneenties derate fachor I i X

Total desnte factor | I x

Moke Irweiter alhcwncy handed on mvadle fage

x

The total derate factor is the product of Total pre-inverter derate factor and the Total post-

inverter derate factor.
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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.

Eharacionishes
Fower [0 000 '/
Eliacigrcy [-ﬁ E
Temgetestn Conlliceet Prozed [ 05 %G
Modus Saucture [gassfcellpcmes =)
foen [ O7E0TA m2

Prtodule = Mitoste - 1000 - Anosue
The module's maximum power is the product of the module efficiency, irradiance at standard test
conditions (1,000 W/mz), 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.

Equation Variable Solar Advisor
Phodule Power
TIModule Efficiency
AModule Area
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\Inverter folder.
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Charactarslics
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For the Single Point Efficiency Model Power (dc) is a calculated value described below.

_ F InverterAC
PIﬂvartarDC e —
‘?Im'artar
Equation Variable Solar Advisor
PraverterAC Power (ac)
PlaverterDC Power (dc)
Nnverter Efficiency

CSP Solar Field
Solar Field Area, Solar Multiple, and Exact Area

£ apout Salar Ml (Design Pownl)
Calfcolated Valves
i Sela Mulipls | 15
v [ 1
Selat Frekd Sgen | ETETS w2 R .
o — Sols Fedd foea [calaulsiad) MFB ma
[sitanece Betveean S0 n Aow 1 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:

AsgolarFisldCalentatad = & 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:

_ AsolarFisl
FsolaultipleCaleulatad = 1
“LExactArza

The exact area is the solar field area for a solar multiple of one calculated as follows:

O Desizn Turbins Thermallngut * & ET0 T FET1 + FET2 + FET3 + FET4)

J{Exa-:t_l'u'aa = 0 0 0
Y DirectMormalFadiation ??Dpti-::alEfic-im{:y T Y HCEThermall osses ~ 2 SolarFieldPipingHeat] osses
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The values used for these equations are displayed under Solar Multiple Reference Conditions

and Values From Other Pages, except for the five Fg7 factors, which are on the Power Block

page.

Sedar Meliple Reference Condiiions

Aurkossri Tarngserabuse -l =

Dramecd Hosmnal Fadiation 0 WimE

wind Velociy 5 mis

Vafves Fram Oter Pages

St Sinn e 500 4703 mErsca,
HCE Themal Losses 215 wWimd
Opticad Ediciency 775
Diengn Turbares Thesrmad bpuk 56 Mt
Sk Fisbel Pipang Heat Losaws: | 188 ‘wimd

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.

Equation Variable

Solar Advisor

AExactArea Exact Area

ASplarField Solar Field Area

ASolarFieldCalculated Solar Field Area (calculated)

FETO---FET4 Turb. Part Load Elec to Therm from the Power Block page
FSolarMultiple Solar Multiple

FSolarMultipleCalculated Solar Multiple (calculated)

NOpticalEfficiency Optical Efficiency from the SCA / HCE page
ODesionTurbineThermallnput Design Turbine Thermal Input from the Power Block page
ODirectNormalRadiation Direct Normal Radiation

OHCEThermalLosses HCE Thermal Losses from the SCA / HCE page

OSolarF. ieldPipingHeatLosses

Solar Field Piping Heat Losses

Exact Number of SCAs

A Exactirza

NExact) =
LY ExactNumberOf2CAz —

A AperturafirzaPerBCA

Equation Variable

Solar Advisor

Aperture Area per SCA, equivalent to SCA Aperature Area

AApertureAreaPerSCA on SCA / HCE page
AExactArea Exact Area
NExactNumberOfSCAs Exact Number of SCAs

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:

_ 3 2 3
OSolacFicldPipsHeatLosses = | FoHL3 AT + Fprra - AT+ Fprr1 - AT) - Qsppipat Desien
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AT = T_-'waraga - I__-‘-.mbiant

-?_E-Fi.nDas-igm + TSFnLtDaaign

T_i\'araga = 1

Equation Variable Solar Advisor
Fpyr1 - Fpyrs Piping Heat Loss Temp Coeff 1 through 3
OSFPipeHLDesign Solar Field Piping Heat Losses @ Design T
OSolarFieldPipeHeatLosses Solar Field Piping Heat Losses
T gmbient Ambient Temperature
TSFinDesien Solar Field Inlet Temperature
TSFoutDesign SolarField Outlet Temperature

CSP SCA/HCE
HCE Optical Efficiency

Aecenveyleal Colfection Element (140E)

Recerer |1 Recener 2 _Recewer 3 _ Recaner 4

Lk | Rrecans Tyne | Schod PTRTD _'J [Schott FTRTD _|[Scham PTRTD _ || Schom FTFTO '_]

— e and Condéon | Vatuus Lot Vot || Buol Glsts || Hydeosgle
Faicent ol Fasld nar mn2s i | 0

Dotical Paasmelens h s

Bebows Shadowrg [E 05| 05| (E:]
Errvebopes Tisnammity | I:"il':.-:-l: E‘i_’-f 1l %3
Abworber Absiphion 0% % [T 0%
LhAsttarhid 1) 1 1| 1
Optical Elficsency fHCE] | 76| 8| =] Fi

Diptical Eficisncy [wheighted) 479

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:

Tracking Error and Twist
Geometric Accuracy

Mirror Reflectivity

Mirror Cleanliness Field (field avg)
Dust on Envelope (field avg)
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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.

HCE Heat Losses

Heat Loss Parametens

A0 Heal Loss Cosfficient | 18615 D1EEH | 116.25 92419
A1 Heat Loss Coetficiers. | 018741 | D776 07124 | 1.3648
A2 Heal Loss Costficars | 00011534 00075342 | 0ME3E| LOMIS1E
A3 Heoal Lots Costficient | 6 BO26E 6 | STTZE 6| 2SHE 5| LEMIES
A4 Heal Lozs Coeficient | BEHE | A A5HE B | T | FIRES
A5 Heal Loz Conlfficiert | onns| R 0051 | 37555
A6 Heal Loss Contficient | [TRE=] [TEEE] 52682 | 033054
Haal Loss Facter | 1.5 125 1.5 F

Mirimem Wirdspeed (m] | o o o5 ]
Feceives Haal Loases (i) | 00T | ELIE 23| 51952

Thesmal Louses [Wesghbed Wim] ] 107 5
Thestmal Lowses [Wiesghted 'WimZ] i Fik

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+ 02+ 0Oms+ s

QHCE]_ufsses = FHaatLufs-sFactu-r | T T
EFout — <+ &Fin

Where:

Owr1= (Fao+Fas v/ Viwing) * (Tspout — Tspin)

{1"51?“2 _TSFinl} — Tamb - (TsFout — TsFin)
Oura= (Fa1+ Fas v/ Viviag) - t P t =

3
TsFout™ — TsFin

3
4

3

O 3= (Fax+ Fas Opan)-

Towt” — Tefin
4

Opra= Fas

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:

QHCEI_ ozzzsWeightedWim

QHCEL ossesWeight=dWin"2 = 4
<1ECAAperturs
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Equation Variable Solar Advisor
Fyq0 .- Fyg A0 Heat Loss Coefficient through A6 Heat Loss Coefficient
FHeatLossFactor Heat Loss Factor
OHCELosses Receiver Heat Losses (W/m)
OHCELossesWeightedW/m Thermal Losses (Weighted W/m)
OHCELossesWeightedW/m2 Thermal Losses (Weighted W/m2)
T4mb Ambient Temperature from the Solar Field page
TSEin Solar Field Inlet Temperature from the Solar Field page
TSEout Solar Field Outlet Temperature from the Solar Field page
ViWind Wind Velocity from the Solar Field page

CSP Power Block
Design Turbine Thermal Input

Rsted Tubine et Capacity 00 Mwe
Dhesign: Turbane Groas Dulput 110 Mwe
Powen Plord Avadakdity | M ox
Arrsal Degeadation | 0 x
Ferwrr Eyclie
Fied System [SEGS B0 Mwe Turbre =] Ly
System Type |5!*..v-.HH
Diesign Tusbie Themmal gt TAAT M1 Turbine Statup Time | 05 ha
Diesign Tusbine Groes Efficioncy | 03774 Tustine Statup Energy | [F
_ QDaaignTubinaﬁmaa
QDE;i;rLTHbinaThma]lﬂp‘ut -
‘T?DaaignTubinaﬁmaa
Equation Variable Solar Advisor
NDesign TurbineGross Design Turbine Gross Efficiency

0 DesignTurbineGross Design Turbine Gross Output

ODesignTurbineThermallnput Design Turbine Thermal Input

CSP Storage
Maximum Energy Storage

Fhaemal Enorgy Storage (TES)

sy, Full Load Hours of TES B hi Macorrom Eneigy Siniage | TTSEBOH Mowhi
Thatmeschos o Twe-Tank TES [Two Tank - Dhesigny Tusitsine Thermal Bngut 90 8580 MW

— AT ]
Qlia.xi:nthtMaga =N HovwrsOfftorags QD;;{;LTHbiﬂﬂﬂpm
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Heat Exchanger Duty

Tharmal Enevgy Stovage (TES)
Equrv. Full Load Houn of TES | [
Thomexcine o Two Tank TES [Two Tark w]

Shorage Flid Musber [Sols Sat |

Hest Ewichanges Dty 1

The heat exchanger duty depends on the value of the solar multiple. When the solar multiple is
greater than one:

FHeatFxchanzerDuty = F SolarMultipls — 1
When the solar multiple is equal to or less than one:

FHaatEx{:ha.ngarDuty =0

Maximum Power To and From Storage

Fharmal Ensrgy Storage (TES)
Eqpay. Fill Losd Howrs of TES | & hii M Boimn iy E i S o ags I LR L
Thesmocknes o Twe-Tank TES i.Tm Tank :] Devgn Turbins Themal Ingut 200 458 A
o hertnal I 0 Bwihe
Sioroge Fhid Murbes [Sctr 5ot - o] i
Tark Hest Lovees 097 Mwh
Heat Euchangsr Duty® i 1
—— == Pranay Beexd malenal |Fomfs -
Tusine TES Adj - Efficiency” | 0 %55
S Secordany bed mafens ] -
Tuboe TES Adustment - Groes Oupur | 0553 g
Themiocline Temp Degiadation | 0 [

Hmmp-manSWuwl T L

Thesimeschne Efficiency Adjion TES® |
Wl acmasm Powst F|wn$1|;f¢g¢i 295715 o

Thermcecine Outpid 8§ 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):

Ph—IaxﬁntmTGStmaga = FHEEEEK&I.EIL;EEDEI:}" QD;;{;—LTubi_nﬂnp-ut

FTESAdjustOutput

Ph-la.ximthrnmStnraga = Ph-la.ximtmTuStnﬂga'
FTES AdjustEfficiency

For a TES with no heat exchanger (TES fluid and solar field fluid are the same):
PraxinmmToStorage = ¥ Solarhultiple ~ & TurbineMaximemOverDeaign ~ 2 Desigr Torbinelnpot

FTES AdjustOutput

Phia.xj.muﬂﬁmms-tnﬂga = QDEE,{gnTHbmgﬂpu : FTurbinﬂ-.-IaximumDvarDaaigﬂ ’
FTESAgustEsficiency
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Equation Variable

Solar Advisor

FHeatExchangerDuty Heat Exchanger Duty

FSolarMultiple Solar Multiple from Solar Field page
FTESAdjustEfficiency Turbine TES Adj. - Efficiency
FTESAdjustOutput Turbine TES Adjustment - Gross Output

Fr, urbineMaximumQOverDesign

Max Over Design Operation from Power Block page

NHoursOfStorage

Equiv. Full Load Hours of TES

PMaximumF romStorage

Maximum Power From Storage

PMaximumToStorage Maximum Power To Storage
QDesignTurbine Input Design Turbine Thermal Input from Power Block page
OMaximumStorage Maximum Energy Storage
CSP Parasitics
Parasitc Efectic Energy Lse
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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

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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A0 heat loss coefficient, 110
absorber absorption, 110
AC wiring derate factor, 106
actual IRR, 10
actual minimum DSCR, 10
add graph, 18
add variable, parametric, 65
ambient temperature, 108
ambient temperature CSP, 110
amount of loan, 32, 103
in calculated values, 103
analysis period, 32
annual data, in spreadsheet, 20
annual degradation, 51, 58
CSP, 51
generic system, 58
annual degradation, PV, 38
annual output - year 1, 10
annual output graph, 14
annual schedule, 38, 61, 62
degradation, 38

O&M costs, 61, 62
antifreeze pumping, 114
aperture area per SCA, 108
area, 40, 42, 107

CPV module, 42

PV flat-plate module, 40

PV module, 107
array page, 38
array performance model, 40
array power, 38, 104
asterisk in graph name, 14
autoscale, 14, 17
availability, 51, 58, 106

CSP system, 51

generic system, 58

PV system, 106
available sliders, 17
background color of text boxes, 7
backup, 2

folder, 2

sample files, 2
balance of plant, 114
balance of system, PV, 44
base column, 10
bellows shadowing, 110
bitmap graph export format, 27
blue background, 102
boiler parasitic losses, 114
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BOS, PV, 44
boxplot tab in DView, 22
bug, 3
calculated values, 7, 102
California Energy Commission (CEC)
performance model, 40
capacity factor, 10, 51, 58
CSP, 51
generic system, 58

results, 10
capacity-based incentive, 35
capital costs, 60
captured from, 7, 88, 94
case, 5, 6, 20
summary, 20
cash financing, 32
for utility projects, 32
cash flow, 14, 20, 98
graph, 14
in spreadsheet, 20
CBl, 35
CDF tab in DView, 22
CEC performance model, 40, 107
central generation, 28
central receiver CSP system, 44, 45
climate, 30
clustered bar graphs, 79
collector, 48
collector drives and electronics, 114
collector type, 48
color of text box backgrounds, 7
combination parametrics, 63, 73, 79
comma-separated file, 26
commercial, 28, 32, 96
buildings, 28
financing options, 32
LCOE, 96
concentrating photovoltaic, 38, 42
configuration page, 38
module page, 42
concentrating solar power, 28, 44
program options, 28
concentrator factor, 110
configuration page, 38, 45
concentrating PV, 38
concentrating solar power, 45
flat-plate PV, 38
contingency costs, 60
continue application, 3
contour graph, 73



conventional, 44, 58
fossil fuel plant, 58
power cycle in CSP, 44

converting data into TMY2 format, 30
cooling tower, 51, 58, 114

correction, 51

operation mode, 58

parasitic losses, 114
copy, 27

bitmap, 27

metafile,, 27
cost, 14, 60, 61

capital, 60

data, 60

o&M, 61

stacked bar graph, 14
CPV, 38, 42

configuration page, 38
CSP, 44

system components, 44

csv, 26
current, 104

PV maximum power point, 104
daily tab, DView, 22

database of available module coefficients, 40

DC tab in DView, 22
DC voltage, 104
debt fraction, 32
debt payment, in cash flow, 101
debt service coverage ration, 32
define parametric window, 63, 65
degradation, 38, 51, 58
CSP, 51
generic system, 58
PV, 38
delete, 5, 18
case, 5
graph, 18
Department of Energy, 1
depreciation, 32
derate, 38, 58, 106
generic system, 58
PV, 38
PV calculated values, 106
design point parasitic loss, 114
design turbine parameters, 51, 54, 108, 112
in solar field page equations, 108
in storage page equations, 112
on power block page, 51
on storage page, 54
detailed derate factors, 106
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detailed PV derate mode, 38
direct capital costs, 60
direct CSP storage, 54
direct normal radiation, 45, 108
reference, 45
direct normal radiatioon, 42
for CPV model, 42
discount rate, 95, 103
dish Stirling CSP system, 44, 45
DMap tab, DView, 22
download software, 2
dry cooling, CSP, 51
dry cooling, CSP sample file, 44
drybulb basis, 51
DSCR, 32
duplicate case, 5
dust on envelope, 110
duty cycle of heat exchanger, 112
DView, 24, 27
exporting graph images, 27
waterfall graph, 24
DView data viewer, 22
edit combo, 73
edit graph, 18
edit linkage, 70
edit values, parametric, 65
effective tax rate, 103, 115
efficiency, 40, 42, 43, 107, 110, 112
CPV module, 42
CSP turbine, 112
flat-plate PV module, 40
inverter, 43, 107
optical HCE, 110

PV module, 107
electric losses, 114

CSP, 114
electricity sales and savings, 95
EnergyPlus weather data format, 30
engineer procure construct costs, 60
envelope transmissivity, 110
environment, 29
EPW weather data, 30

equivalent full load hours of TES, 54, 112

error message, 3
exact area, 108
exact number of SCAs, 108
Excel, 20, 88
inputs and results, 20
link to inputs, 88
Excelergy software, 44
exchanger duty, 112
export, 26, 27
data from graphs and tables, 26



graph image, 27
factor, 114
federal tax, 32, 103
field background color, 7
file formats, 5
file size, 5
financials, 32, 103
calculated values, 103
financing, 32
first year PPA, 10
five-parameter PV model, 40
fixed O&M costs, 61
flat rate, 32
flat-plate photovoltaic modules, 38, 40
configuration page, 38
module page, 40
fluid for CSP storage, 112
fossil fill fraction, 54
fossil fuel, 28, 44, 58
backup for CSP systems, 44
system type, 28
system type, 58
Fresnel, 45
fuel cost for generic system, 58
generic system type, 28, 58
in program options, 28
geometric accuracy of HCE, 110
graph, 14, 17, 18, 26, 27
autoscale, 14, 17
descriptions, 14
export data, 26
export image, 27
legend, 14
name, 18
scale, 17
size, 14
sliders, 17
type, 18
graph info window, 18
grassy ground reflectance, 38
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pre-inverter derate factor, 106 PV array performance model, 40

price for electricity sales, 32 SCA, 44, 108, 110

proc!uction.-base_d incentive, 35 aperture area, 108, 110

profile tab in Dview, 22 . 1 th. 110

program page, 28 aperture length,

project costs, 60 calculated values, 110

project summary, 20 SCA/HCE, 48

property tax, 32 scale graph, 14, 17

pump motor losses, 58 schedule variable type, 7
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inlet temperature, 108
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temperature, 110
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solar heating and lighting, 1, 28
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speed up the display speed, 9
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inputs and results, 20
linked to inputs, 88
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support, 2
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effective tax rate, 115
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