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MODULE FILES IN 
PLANTPREDICT
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• PlantPredict Introduction

• New & Upcoming Features

• Generating Module Files in PlantPredict

TOPICS OF DISCUSSION
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INTRODUCING PLANTPREDICT

Reviewed by:

• Free, cloud-hosted, energy prediction software for utility-scale PV power plants

• Used in over 350 MWAC of contracted utility-scale PV projects

• All algorithms documented and published on www.plantpredict.com

• End-to-end utility-scale modeling
— Sub-hourly and multi-year predictions
— Built-in spectral correction
— No need for pre- or post-processing
— Pre-loaded with industry-standard weather, module, and inverter files

• API available for automation

• Independently reviewed and benchmarked against over 1 GW of operating 
facilities

http://www.plantpredict.com/


NEW FEATURES IN PLANTPREDICT
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Recently-Added Features

PV Energy Storage

Module File Generator

Bifacial PV

Charging/Dispatch Options
1. LGIA Excess
2. Energy Available
3. Custom

AC-coupled storage systems
More storage modeling features 
planned for release in September 
2019.
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Recently-Added Features

PV Energy Storage

Module File Generator

Bifacial PV
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Recently-Added Features

PV Energy Storage

Module File Generator

Bifacial PV

Model
NREL 2D View Factor Model

New Module Properties
“Bifaciality”
Transmission Factor

New DC Field  Properties
Structure Shading
Backside Mismatch
Post Height



COMING SOON T0 PLANTPREDICT
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Electrical (c-Si) Shading

New Time Series Inputs
- Tracker Angle
- Plant Output Limit
- Inverter Set Point
- Module Surface 

Temperature
- Albedo (?)

Sloped Tables

Object Shading

Upcoming Features in 2019
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CdTe – linear shading

c-Si – nonlinear shading 
(bypass diodes)
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Electrical (c-Si) Shading

New Time Series Inputs
- Tracker Angle
- Plant Output Limit
- Inverter Set Point
- Module Surface 

Temperature
- Albedo (?)

Sloped Tables

Object Shading

Upcoming Features in 2019

Image: NextTracker “TrueCapture” 
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Electrical (c-Si) Shading

New Time Series Inputs
- Tracker Angle
- Plant Output Limit
- Inverter Set Point
- Module Surface 

Temperature
- Albedo (?)

Sloped Tables

Object Shading

Upcoming Features in 2019

Available in PlantPredict Coming Soon!
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Electrical (c-Si) Shading

New Time Series Inputs
- Tracker Angle
- Plant Output Limit
- Inverter Set Point
- Module Surface 

Temperature
- Albedo (?)

Sloped Tables

Object Shading

Upcoming Features in 2019



GENERATING MODULE FILES IN 
PLANTPREDICT
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Comparing Existing PV Module Modeling Tools

PVLIB NREL SAM PVsyst PlantPredict

Open-Source/Free

Software Library (SDK)

IEC-61853-1 Data Input

IV Curve Input only @ STC

Optional Recombination Term? Only for explicit IV 
curve calculation

Performance Optimization Tools limited

Graphics/Visualization
https://pvpmc.sandia.gov https://sam.nrel.gov/ http://www.pvsyst.com https://www.plantpredict.com

https://pvpmc.sandia.gov/
https://sam.nrel.gov/
http://www.pvsyst.com/
https://plantpredict-python.readthedocs.io/en/latest/
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I know how a module performs based on laboratory measurements…

How can I take a limited set of module electrical characteristics and generate a model 
that accurately represents the expected performance?

Problem Statement
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What is a “module file”?  The entity used in PlantPredict to model a PV module.

Modeling a PV Module

INPUTS
- STC Electrical Characteristics
- non-STC performance (low-light 

efficiency, temperature coefficients)
- # Cells in Series

*describe expected performance 
but not used by simulation engine 
to calculate DC field power

MODEL
- Single Diode Equivalent Circuit Model 
- optional recombination term
- linear temperature dependence on 

the diode ideality factor (“µγ”)
- DeSoto 5-parameter model for 

temperature/irradiance adjustment

Resources 
“Performance Assessment of a Simulation Model for PV Modules of Any 
Available Technology” (Mermoud et al.)
“Improvement and validation of a model for photovoltaic array 
performance” (De Soto et al.)
“Parameter Estimation for Single Diode Models of Photovoltaic Modules” 
(Hansen)
“Handbook of Photovoltaic Science and Engineering” (Gray et al.)
“Single Diode Equivalent Circuit Models” – PVPMC Website 
(https://pvpmc.sandia.gov)

Algorithms fully documented at www.plantpredict.com

OUTPUTS (1-diode params)
- Series Resistance
- Shunt Resistance
- Diode Saturation Current
- Diode Ideality Factor 

(and temperature 
coefficient)

- Recombination 
Parameter

- Light-Generated Current

*single diode parameters are 
used by prediction engine and 
determine actual performance; 
“model-calculated” MPP, etc.

https://pvpmc.sandia.gov/
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What if I am given a module datasheet? 

Manufacturer Datasheet as Input

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if I am given a module datasheet? 

Manufacturer Datasheet as Input

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if my only source of data is an IEC-61853-1 test matrix?

IEC-61853-1 Test Data as Input

Photovoltaic (PV) module performance testing and energy 
rating – Part 1: Irradiance and temperature performance 
measurements and power rating, IEC 61853-1 Ed. 1.0, 2011. 

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if my only source of data is an IEC-61853-1 test matrix?

IEC-61853-1 Test Data as Input

Photovoltaic (PV) module performance testing and energy 
rating – Part 1: Irradiance and temperature performance 
measurements and power rating, IEC 61853-1 Ed. 1.0, 2011. 

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if my only source of data is an IEC-61853-1 test matrix?

IEC-61853-1 Test Data as Input

Photovoltaic (PV) module performance testing and energy 
rating – Part 1: Irradiance and temperature performance 
measurements and power rating, IEC 61853-1 Ed. 1.0, 2011. 

Relative Efficiency Calculation

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if my only source of data is an IEC-61853-1 test matrix?

IEC-61853-1 Test Data as Input

Photovoltaic (PV) module performance testing and energy 
rating – Part 1: Irradiance and temperature performance 
measurements and power rating, IEC 61853-1 Ed. 1.0, 2011. 

y = -0.3951x + 124.13
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Temperature Coefficient Calculation (Linear Regression)

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if I only have I-V curve data?

I-V Curve Test Data as Input

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if I only have I-V curve data?

I-V Curve Test Data as Input

1

For each I-V curve at a given Temperature and Irradiance, 
Isc / Voc / Imp / Vmp / Pmp extracted via graphical methods. 

2
Resulting dataset processed like IEC-61853-1 data to generate:
1. Electrical Characteristics @ STC
2. Temperature Coefficients
3. Relative efficiencies at low-light

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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What if I want to generate a module file as quickly as possible?

Initial Calculation with Default Assumptions

Automatically calculates a set of 1-diode parameters based on technology-dependent (ie. cSi vs. CdTe) generalizations, such as:

• low-light relative efficiency at 200 W/m2 is ~97% (cSi)
• Series Resistance is ~50% of maximum series resistance (CdTe)
• Recombination Parameter is ~90% of maximum recombination parameter (CdTe)
• etc. 

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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Disadvantages of Using Default Assumptions

Initial Calculation with Default Assumptions

Making single assumptions for ALL c-Si or ALL CdTe modules is a bad idea! 

?

1 Significant error between nameplate power and maximum power 
calculated from resulting single-diode parameters.

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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Disadvantages of Using Default Assumptions

Initial Calculation with Default Assumptions

Making single assumptions for ALL c-Si or ALL CdTe modules is a bad idea! 

2 Low-light performance does not match expected performance from 
measured test data (IEC-61853-1).

Effective Irradiance Response 
calculated from measured 
performance data. This is the 
expected/target performance.

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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How do I “tune” the module to perform as expected?

Matching Expected Module Performance

1

2

Manually adjust key single-diode parameters.

Use automatic series resistance optimization.

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance



©
 C

op
yr

ig
ht

 F
ir

st
 S

ol
ar

, I
nc

. 
 D

ec
em

be
r 2

01
8

29First Solar Proprietary & Confidential - Finance/Accounting/RND 

Module performance tuned successfully!

Matching Expected Module Performance

Data Sources/Inputs
Manufacturer Datasheet
IEC-61853-1 Test Matrix
I-V Curve Data

Generating a Module File
Initial Calculation with Defaults
Matching Expected Performance
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Module File Ready for Simulation
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Limitation: Automatic Series Resistance Optimization currently only uses relative 
efficiency data at 200, 400, 600, 800 W/m2 (@ 25⁰C)

— Potential Improvement: Implement a more sophisticated model to match measured performance at any
temperature/irradiance condition.

— Potential Strategy: Dobos/MacAlpine method as published in “Procedure for applying IEC-61853 test data to a 
single diode model.” 2014 IEEE 40th Photovoltaic Specialist Conference (PVSC) (2014): 2846-2849.

Algorithm Limitations & Potential Improvements

Limited Performance Tuning Target (Current) Comprehensive Performance Tuning Targets (Future)
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Related Limitation: Algorithm assumes a linear temperature coefficient of power, 
calculated via linear regression. Therefore, the resulting model’s performance does not 
match measured data at non-STC conditions. 

— Potential Improvement: Treat temperature dependence as non-linear. The nameplate (datasheet) “linear” 
temperature coefficient should be interpreted as the derivative of the measured non-linear trend at STC.

Algorithm Limitations & Potential Improvements
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Need an account?

support@plantpredict.com
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The Recipient acknowledges that (i) this presentation is provided to the Recipient for informational
purposes only, (ii) neither First Solar, Inc. (“First Solar”) nor any of its affiliates bears any
responsibility (and shall not be liable) for the accuracy or completeness (or lack thereof) of any
information contained within this presentation and the oral statements made in connection
therewith and this presentation and the oral statements made in connection therewith are not to
be relied upon as a substitute for independent review of such other information as the Recipient
may deem appropriate or prudent to review, (iii) no representation regarding the material within
this presentation and the oral statements made in connection therewith is made by First Solar or
its affiliates, (iv) neither First Solar nor any of its affiliates have made an independent verification
as to the accuracy or completeness of the information within this presentation and the oral
statements made in connection therewith, and (v) neither First Solar nor any of its affiliates
shall have any obligation to update or supplement any information contained within this
presentation and the oral statements made in connection therewith or otherwise provide
additional information.

NOTICE TO RECIPIENTS
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