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System Advisor Model (SAM)

 Performance models
calculate a renewable
energy system’s hourly
energy output over a single
year

* Financial models calculate
the cost of energy for a
renewable energy project
over many years of
operation
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http://sam.nrel.gov/
http://sam.nrel.gov/

Technologies in SAM

Small Wind Utility-scale Wind Biomass Power Conventional
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High-Level Options for PV Modeling

* SAM offers three options for
modeling a photovoltaic system:

PVWatts System model is an
implementation of NREL's online
photovoltaic calculator

* Flat Plate PV model combines
separate, user-selectable
component models for the module
and inverter with a set of
parameters describing the array
layout to represent the system

* High-X Concentrating PV model is
for concentrating PV (CPV)
systems.
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1. Select a technology:
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Commonalities Among All Models

* A radiation processor to calculate incident radiation on the array
using TM2, TMY3 or EPW formatted data

 Theirradiance processor may use one of three different tilted
surface algorithms (Isotropic, HDKR, Perez)

* All use a set of user-specified shading factors that adjust the
incident irradiance

* All use a set of performance adjustment factors to represent
availability, degradation, curtailment, outages, etc.

* All have derate values that adjust output for non-modeled factors
like wiring losses, tracking losses and inefficiencies.

 SAM runs an hourly simulation model for all cases

NATIONAL RENEWABLE ENERGY LABORATORY )



Summary of SAM‘s Photovoltaic Models

Flat Plate PVWatts High-X CPV
Array DC output . ° o
Inverter AC output J J |
Temperature effects . . .
Array shading . . .
Tracking options . . 2-axis only
Row-to-row shading .
Backtracking .
Mounting options J
Multiple subarrays .
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Flat Plate Modeling Option Overview

Module Models:

— the Sandia Module Model, CEC module model and the Simple Efficiency module model
* Inverter Models:

— the Sandia Inverter Model and the Single-Point efficiency model..
* Subarray characteristics (up to 4 different subarrays):

— Specific module and inverter constant across entire system

— Defines # of modules/string and # of strings in parallel

— Different orientation for each

— Shading and soiling factors for each

— DC derate factors for each

— Module mismatch losses in each subarray can be represented using a DC derate factor.

— SAM can calculate subarray mismatch losses caused by subarrays with different maximum
power point voltages (only with CEC module model)

e Subarray Assumptions
— Assumes that each sub-array operates at its maximum power point.

— Assumes that the modules in each subarray operate uniformly at the same cell
temperature and maximum power point.

— Assumes that all inverters have the same hourly conversion efficiency.
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Sandia PV Array Performance Model

* Calculates module output using a set
of equations and 40 coefficients
calculated from multi-day
measurements at a certified outdoor
test facility.

 SAM stores a library of module
coefficients

— currently 514 modules

— Includes modules with thin-film
cells, including amorphous
silicon, CIS, CdTe, and HIT.

 Because the Sandia model
coefficients are based on measured
data, it may more accurately
represent the performance of thin-
film modules at low light levels than
the CEC and simple efficiency
models.

‘Sandia PV Array Performance Model with Module Databas: +

Search for modules by manufacturer or model name:

SAM/fSandia Modules/SunPower SPR-210-WHT-U Module [2008 (E)]
SAM/fSandia Modules/SunPower SPR-215-WHT [2007 (E)]
SAM/fSandia Modules/SunPower SPR-220 (CS) [ 2008]
SAM/Sandia Modules/SunPower SPR-220 (PVL) [ 2008]
SAM/fSandia Modules/SunPower SPR-220-BLK-U Module [ 2008]
SAM/fSandia Modules/SunPower SPR-220-BLK-U Module [2008 (E)]
SAM/fsandia Modules/SunPower SPR-225-BLK [2007 (E)]
SAM/fsandia Modules/SunPower SPR-225-WHT [2007 (E)]
SAM/fsandia Modules/SunPower SPR-230-WHT [2007 (E)]
SAM/fsandia Modules/SunPower SPR-300-WHT [2007 (E)]
SAM/Sandia Modules /SunPower SPR-305-WHT [ 2009

andia Modules/SunPower SPR.-305-WHT [2007 (E]

rModule Characteristics at Reference Conditi
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Note

Reference conditions: Total Irradiance = 1000 W/m2, Air mass = 1.5, Cell temp = 25C

Effidency 18.71 %

Maximum Power (Pmp) 305.211 wdc -3.780e-001 9%C

Max Power Voltage (Vmp) 54,6999 Vdc -3.400e-001 %,C
Max Power Current (Imp) 5.57972 Adc -3.800e-002 °/C
Open Circuit Voltage (Voc) 64,1999 Vdc -2.757e-001 %fC
Short Circuit Current (Isc) 5.9597 Adc 5.900e-002 %/C

Temperature Coefficients

-1.154e+H)00 WijC
-1.860e-001 V/C
-2.120e-003 AfC
-1.770e-001 v/C

3.516e-003 AfC

Module Structure and Mounting |Use Database Values

hd |

User Spedified: a =3 b a dr

Reference: a -3.62 b -0.075 dT
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CEC/5-parameter Module Model

* Uses a variant of the five-parameter
model developed by the UW-

Madison
CEC Performance Model with User Entered Specifications =
i It IS a Slngle dIOde mOdeI Whose -General Information inal Maxi Power Point Ratings at STC——
odule description  Generic polycrystalline silicon module ower dc
parameters can be calculated from e - —
the manufacturers datasheet specs. Vodieares L3 2 R

MNominal operating cell temperature 46 'C
Calculate and plot

No curve data.

e Uses a CEC-maintained database of “lectracal Speciications

module characteristics (10,000+ e s e e =
aximum power point current (Imp) 6 A
ent ries) Open dreuit voltage (Voc) 3T
Short circuit current (Isc) 7 A
* SAM allows the user to enter their Temperatre coeficent of Voc oufwe ~
Temperature coeffident of Isc 0.004 |AfC -
own spec ShEEt data' Temperature coeffident of max. power point 0.41 %fC
Mumber of cells in series a0
* The CEC module model offers two S ——
rMounting Configuration
temperature correction algorithms Standof'fheight|Groundorrackmounted v|

Approximate installation height |One story building height or lower - |

— The NOCT cell temperature
algorithm (from the original
model)

— the mounting-specific cell temp
model is a first-principles heat
transfer algorithm.
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Inverter Models

 The Sandia Model for Grid-
connected Inverters calculates the
inverter's efficiency using
coefficients from a library of
inverters (currently 1157 entries)
developed from manufacturer
specifications and field test data.

* The Single Point Efficiency Model
uses two user-specified inputs, the
rated AC power in Watts, and rated
DC-to-AC conversion efficiency
(which is constant)

 The PVWatts model represents the
inverter using an internal algorithm
without separate inputs for the
module and inverter algorithms.
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|Sandia Performance Model for Grid Connected PV Inverter |

Search for inverters by manufacturer or model name:

SAM/Sandia Invertersfablerex Electronics Co., Ltd.: ES 2200-U5-240 (240 Vac) 240v [CEC 2011]
SAM/Sandia Inverters fAblerex Electronics Co., Ltd.: ES 3300-J5-240 (240 Vac) 240v [CEC 2011]
SAM/Sandia Inverters/Ablerex Electronics Co., Ltd.: ES 4200-U5-240 (240 Vac) 240V [CEC 2011]
SAM/Sandia Invertersfablerex Electronics Co., Ltd.: ES 5000-U5-240 (240 Vac) 240v [CEC 2011]
SAM/Sandia Inverters fAdvanced Energy: 3159000-104 430V [CEC 2007]
SAM/Sandia InvertersfAdvanced Energy: 3159000-110 480Y [CEC 2008]

SAM/Sandia InvertersfAdvanced Energy: PVP250kW-480 480V [CEC 2011]

SAM/Sandia Inverters/Advanced Energy: Solaron 333-3159000-105 480V [CEC 2008
- | 2dNalS NVENErs/Advanced cnergy.

&M Sandia Trvertars fAdeanred Freroe Salaran 3331153500001 4800 [CFC nnal

rEfficiency Curve
SAM/Sandia Inverters/Advanced Energy: Solaron 333-3159000-1XX 480V [CEC 2009]
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rInverter Characteristics

AC Voltage 480 v cn -6.11733e-008 1w
Power ACo 333000 Wac C1 9.16355e-005 1V
Power DCo 342726 Wdc c2 0.00234582 1NV
PowerSo 1139.96 w C3 0.000830339 1V
PowerNTare 60w MPPET _low 330 v
Vdecmax 600 v Video 368.096 v




Comparison of Module Models

35,000
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25,000 -
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mSandia ®WCEC ®PVWatts (0.86) = PVWatts (0.77)
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Hypothetical 200 kW PV system

The Sandia and CEC models use coefficients
for the SunPower SPR-210-WHT-U module

Other inputs are SAM defaults for
commercial system and a SMA America 36
kW inverter.

For the PVWatts cases, the system was
modeled with two DC-to-AC derate factors,
0.77 and 0.86.

The Sandia and CEC module models are in
close agreement with monthly values within
2%.

The PVWatts derate factor of 0.86 more
closely matches the other model results
than the default value of 0.77.




Comparison Annual Results

Annual
Output LCOE
(kWh/yr) (¢/kWh)
Sandia Module 360,000 11.8
CEC Module 365,000 11.7
PVWatts (.86) 361,000 11.8
PVWatts (.77) 323,000 13.2

* The Sandia, CEC, and PVWatts with 0.86 derate factor models are in close

agreement, while the PVWatts with 0.77 predicts a lower annual output and higher
LCOE.

*  For the TMY2 weather data used, the differences between results is within the
weather data uncertainty.

* The LCOE differences are within the uncertainty of the various assumptions. This
suggests that any of the three model options are suitable for estimates of a PV
system's output or cost.
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Conclusions and Future Work

 SAM's implements several different photovoltaic models, which
each use different algorithms and databases

 Different models are best for different use scenarios

* For a typical system with crystalline silicon modules, the Flat Plate
PV CEC and Sandia module models and the PVWatts System Model
predict total monthly AC output values within 2.0% of each other,
and for a financial analysis using SAM's commercial financing model
with default values, an LCOE within 0.1 cent/kWhr

* NREL has developed case studies comparing SAM results to data
measured from installed systems

* Current major efforts to validate model results against measured
data for residential, commercial and utility-scale systems.

* See the SAM website for more info on planned improvements.
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