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Glossary 

Acronym Definition 

SAM System Advisor Model 

CSP Concentrating Solar Power (assumed to be thermal in this document) 

NREL National Renewable Energy Laboratory (USA) 

CPV Concentrating Photovoltaic 

PV Photovoltaic 

ARENA Australian Renewable Energy Agency 

ASI Australian Solar Institute 

LCOE Levelised Cost of Energy 

O&M Operation and Maintenance 

DNI Direct Normal Irradiation 

SEGS Solar Energy Generating Systems (California) 

LFR Linear Fresnel Reflector 

NPV Net Present Value 

IRR Internal Rate of Return 

PPA Power Purchase Agreement 

DSCR Debt Service Coverage Ratio 

GST Goods and Services Tax (Australia) 

LGC Large-scale Generation Certificate 

TOD Time of Day factors in SAM dispatch 

HTF Heat Transfer Fluid 

BOM Bureau of Meteorology (Australian Government) 

TES Thermal Energy Storage 

TMY Typical Meteorological Year 

EPW Energy Plus Weather, a file type for US building modelling software 

ACDB Australian Climate Data Bank 
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1. INTRODUCTION 

The technology of Concentrating Solar Thermal Power (CSP) systems has reached a high level 

of commercial maturity and the level of deployment has been growing at around 40% per year 

since 2005. There are four basic approaches, trough concentrators, tower / heliostat systems, 

linear Fresnel concentrators and dish concentrators (in declining order of deployment and 

commercial maturity).  

Overall the use of solar generation technologies, including photovoltaic systems, is growing fast 

and becoming a significant part of the future energy mix. CSP approaches, although only a small 

part of the present total, have claimed an important place in the future mix, because they offer 

large scale and proven energy storage as in inherent part of the system. 

Predicting the output of a CSP system is a complex process.  Thermal systems include multiple 

subsystems whose behaviour at any point in time depends not only on the instantaneous 

conditions the whole system experiences, but also the recent history of its operation. 

There are a range of approaches to modelling CSP systems and it is an on-going area of 

research.  One of the most respected is the freely available System Advisor Model (SAM) 

developed by the National Renewable Energy Laboratory (NREL) in the USA. 

The SAM model is general purpose in nature and can predict hourly, monthly and annual output 

of CSP, CPV, flat plate PV and also a range of other renewable energy systems.  There has been 

an extensive body of work around its application to CSP systems in particular. 

This ñAustralian Companion Guide to SAM for Concentrating Solar Powerò and the associated 

material was developed by Austela under a project supported by the Australian Renewable 

Energy Agency, (ARENA)1. The work was carried out by ITP working in collaboration with 

members of NRELôs SAM team. 

This project has produced three resources for public use: 

¶ This Guide. 

¶ A collection of SAM project files with financial settings for Australian Conditions for 

modelling of trough, tower, linear Fresnel and dish based CSP systems.  

¶ A selection of solar data files for input to SAM for selected representative Australian 

sites and years.  

This guide includes step by step instructions on how to download and use SAM for Australian 

conditions and to open and use the project files and incorporate the new solar data files.  

                                                
1 At the commencement of the project, this support was provide by the Australian Solar Institute. 
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It also contains a discussion of the rationalisation of Levelised Cost of Energy calculations 

between the SAM cases and the previous study ñThe Potential for Concentrating Solar Power in 

Australia2ò (Lovegrove et al 2012). 

Detailed background information on the material and its origins is also included in appendices. 

This guide together with the project and solar data files is available for download at 

http://austela.com/ . Any updates will also be available from that site. 

This guide does not describe how CSP systems work or what their future market share might be. 

The reader is referred to the previous study by Lovegrove et al (2012) for a detailed discussion of 

such issues. Further, for a technical understanding of the principles of CSP systems and the state 

of technological development the reader is referred to Lovegrove and Stein (2012). 

  

                                                
2 This study is referred to on several occasions throughout this guide and for the sake of brevity is described as the 

ñCSP in Australia Studyò. 

http://austela.com/
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2. SAM BASICS 

2.1. Predicting system output 

The SAM model is general purpose in nature and can predict hourly, monthly and annual output 

of CSP, CPV, flat plate PV and also a range of other renewable energy systems.  There has been 

an extensive body of work around its application to CSP systems in particular. Quoting from 

NREL: 

ñSAM, originally called the "Solar Advisor Model" was developed by the National Renewable 

Energy Laboratory in collaboration with Sandia National Laboratories in 2005, and at first used 

internally by the U.S. Department of Energy's Solar Energy Technologies Program for systems-

based analysis of solar technology improvement opportunities within the program. The first public 

version was released in August 2007 as Version 1, making it possible for solar energy 

professionals to analyze photovoltaic systems and concentrating solar power parabolic trough 

systems in the same modeling platform using consistent financial assumptions. Since 2007, two 

new versions have been released each year, adding new technologies and financing options. In 

2010, the name changed to "System Advisor Model" to reflect the addition of non-solar 

technologies.ò 

The SAM model has two roles; 

¶ Given appropriate technical parameters and a set of Direct Normal Irradiance (DNI) 

data and associated weather related variables, the model will predict half hourly output 

from a system. This can be presented and exported in a range of graphical and tabular 

formats. There is scope for automated sensitivity analysis. 

¶ Building on the system performance, if appropriate financial parameters are entered, 

the model further calculates financial performance including time series cashflows and 

Levelised Cost Of Energy (LCOE). 

SAM produces a range of outputs related to the cost and performance of systems that include:  

¶ System output. 

¶ Peak and annual system efficiency. 

¶ Levelized cost of electricity. 

¶ System capital and operating and maintenance (O&M) costs. 

¶ Hourly system production. 

SAMôs CSP models use the well-known TRNSYS software as an internal engine (University of 

Wisconsin 2013).   

 



 

ITP/A0103 ï Prepared by ITP for Austela, 2013 11 

Australian Companion Guide to SAM for Concentrating Solar Power 
 

 

2.2. Installing SAM 

NRELôs System Advisor model is available at: https://sam.nrel.gov/ . According to the website 

when accessed as at 20 February 2013, SAM Version 2013.1.15 was the latest version and was 

the version utilised initially for this project. The current revision uses version SAM 2014.9.20. 

Downloading the software from https://sam.nrel.gov/content/downloads is free, but requires the 

new user to register an account (which is subsequently used for notification of updates etc). The 

process of downloading and installing SAM is straightforward from that point. 

The website includes an active user forum (https://sam.nrel.gov/forums/support-forum ) with 

regular inputs from NRELôs SAM team. 

The learning page (https://sam.nrel.gov/content/resources-learning-sam ) offers links to various 

presentations and webinair recordings. Most importantly it has a link to allow download of the 

SAM Help system (NREL 2012) as a PDF Document 

(https://sam.nrel.gov/sites/sam.nrel.gov/files/content/documents/pdf/sam-help.pdf  ).  

This extremely detailed document should be treated as the primary reference source for 

using SAM and understanding input variables, models, outputs and features in detail. The 

ñAustralian Companion Guide to SAM for Concentrating Solar Powerò is to be read and 

used in conjunction with this primary reference. 

Having noted that, the Companion Guide can be read as a self standing document and will guide 

the new user through using and interpreting the Australian specific project files and solar data 

sets that are provided with it. 

2.3. Running SAM with the Australian project files 

SAM opens and saves the results and inputs for modelling runs in ñprojectò files with the file 

extension ñ.zsamò. Within a zsam project file are one or more specific system ñcasesò that can be 

edited and run in turn.  

Cases can be established from first principles in a number of ways as detailed in the help 

document and from various menu options within the software3. Here we deal exclusively with the 

set of SAM project files for CSP in Australia that are available for download. 

If the Australian SAM project files have been successfully downloaded and saved to a directory 

the listing should appear similar to Figure 1. 

                                                
3 Create cases from first principles from the front page via sample files, using the Solar Wizard or the Create case 

option in the Case menu. Refer to the help document for details. 

https://sam.nrel.gov/
https://sam.nrel.gov/content/downloads
https://sam.nrel.gov/forums/support-forum
https://sam.nrel.gov/content/resources-learning-sam
https://sam.nrel.gov/sites/sam.nrel.gov/files/content/documents/pdf/sam-help.pdf
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Figure 1:  Project files and linked spreadsheets. 

For the project files presented here, the Excel spread-sheets shown are linked and used by SAM 

during operation and so should be kept in the same directory as the .zsam files. 

Once SAM has been installed, operation with one of these project files can be started in one of 

two ways. Start SAM from the program menu or icon, which will lead to a front page similar to 

Figure 2. 

 

Figure 2:  Front page of SAM. 

Use the ñFileò menu, select ñopenò, browse for the project (.zsam) file of interest and select / 

double click it (Figure 3). Alternatively the same result is obtained by simply double clicking the 

zsam file from its directory.  
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Figure 3:  Opening a project file. 

 

Figure 4:  project file open to results page. 
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As an example, if the ñTrough_Modelsò project file is chosen, after opening, the window will 

appear similar to Figure 4. It shows the results of the configuration / run for which it was saved. It 

is best to ignore these saved results and re-run it as shown in Figure 5. 

 

 Figure 5:  Steps to re-run a case and view results. 

Running a case can take a minute or so depending on processing power available. At the 

beginning of the run a banner stating ñexchanging data with Excelò should briefly appear. If there 

is an error message indicating a problem or absence of the Excel data, it is possible to run the 

case anyway using the data settings saved within the .zsam file. The exchange of data with the 

Excel files is discussed further below. 

There are a number of options for creating new project files and cases within project files that will 

be self evident on investigation of the software. A common sense approach to modifying and 

saving files is needed to avoid losing track of changes. The following suggestions and 

observations may help: 

¶ It is probably best to duplicate the entire directory of project files and associated Excel 

files to a backup location before any runs or changes are made (or else rely on repeating 

the download process if needed). 

¶ Project (.zsam) files can be saved under a new name and the newly named versions 

should run in an identical manner. Note that the renamed / copied project files will 
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continue to access the same Excel file for data exchange and this file cannot be renamed 

without changing the appropriate file specification within each case. The Excel file (or a 

copy with the same name) also needs to be in the same directory as the new project file. 

¶ To develop a quantitative understanding of both the SAM package and CSP systems, 

varying parameters and re-running in a case to see how results change serves well. Do 

not accidently ñsaveò after such experiments, because the most recent setting will 

overwrite those you started with.  

¶ Within the ñCaseò menu, the options to ñimportò, ñduplicateò, ñrenameò and ñdeleteò cases 

do as implied and allow project files to be organised appropriately. For example, to study 

the variation of a parameter in a systematic way4;  

o Save the .zsam project file under a new name. 

o Choose a desired CSP plant configuration from among the existing cases. 

o Delete all the other cases. 

o Use ñduplicate caseò, change the parameter (eg location) and run the new case. 

o Select the first case again and duplicate it and change to another parameter value 

as many times as desired (to the maximum 7 Cases allowed in a single project 

file5).   

Various input parameters can be changed from the selected menu pages which are selected from 

the navigation menu on the left of the SAM window (Figure 6). 

Many of the parameters that relate to physical plant operation require detailed understanding of 

the systems and model. If these are changed without being well understood it can result in 

specifying a physically impossible system that can either produce meaningless results or crash 

SAM. The user is referred to the SAM help documentation and the published literature on the 

various models if such understanding is sought. However there are a number of basic but 

important parameters than can be changed in a common sense way to provide informative 

results. 

 

                                                
4 Note that SAM has an internal feature for parameterised investigation that is recommended for thorough analysis and 

optimisation. Refer to the Help system. Parameterised runs can be quite time consuming so an initial manual 
investigation is beneficial. 
5 Computers with limited memory may experience problems with more than 3 or 4 cases. 
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Figure 6:  Selecting parameter input pages for a case. 

In regard to changing parameters of the projects / cases that are presented here, the following 

suggestions are offered: 

¶ Location can be changed to any of the options that appear in the menu list when the page 

is opened. There are only two Australian sites likely to be available in the default list until 

the new Australian solar data files provided are downloaded and installed as described in 

section 2.4. 

¶ For cases that include selection of the ñSolar Multipleò in the ñSolar fieldò page, this can be 

changed and will scale the solar field relative to power block in a sensible manner. 

¶ Within ñCollectorsò and ñReceiversò, most parameters require detailed understanding, 

however choice of configuration from a library based drop down menu is straightforward if 

available. 

¶ In ñPower cycleò, changing the ñDesign Gross Outputò can be instructive and physically 

meaningful. If all other aspects of a system are unchanged, it allows a system to be varied 

through base-load to peaking type configurations. It should be noted though that real 

turbines of arbitrary size may not exist on the market and different sizes and input 

characteristics of real turbines can have significantly different cycle conversion 

efficiencies. 






































































































































































