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Pyranometers in use
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Example: monitoring services
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Improvements needed
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Subjects

• solar irradiance measurement

• improving measurement accuracy

• improving data availability

• IEC 61724-1: PV system 
performance monitoring

• ASTM G213: uncertainty evaluation 
of irradiance measurement
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Subjects

• ISO 9060 revision

• Good measurement practices
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PV system simplified

• A: Input: solar irradiance in W/m2

• B: System: PV system in m2

• C: Output: Electrical power in W

• D: System efficiency: C/(A·B)

• Degradation: change of D versus 

time dD/dt
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Tool: pyranometer

• Measurement in POA

• A: Input: solar irradiance in W/m2

• Maximum possible yield for a 

100 % efficiency solar panel

• Independent of PV cell type

• Independent of PV cell Anti-

reflection coating

• Independent of temperature
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NEW IEC 61724-1: 2017
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Monitoring

• Measure – improve
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PV monitoring purposes

• Technical: Failure detection

• Technical: Creating a performance 

baseline

• Financial: Increase income

• Financial: Risk profile reduction

• Financial: Sale of the PV power 

plant
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PV Monitoring: service industry
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PV Monitoring

• Monitoring is an industry

• Utility scale PV plants hire

independent monitoring companies



15

IEC: 3 classes
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NEW IEC 61724-1
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IEC: Electrical



18

IEC: pyranometer class
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IEC: calibration
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IEC: heating + ventilation
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Summary : IEC 61724-1

• measurement accuracy is important 

in PV monitoring 

• IEC 61724-1 confirms

pyranometers as “weakest link” in 

analysis, 

• recommends the use of the best 

instruments 

• Stresses maintenance & calibration



ASTM G213-17
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Uncertainty evaluation

• Methods based on GUM

• ISO/IEC Guide 98-3 Guide to the 
expression of uncertainty in 
measurement 

• Type “B” evaluation
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Not easy

• Uncertainty depends on:

• Moving sun

• Variable environmental conditions

• Maintenance

• Data availability (dew, frost, snow)

• Horizon

• Reflections (tilted installation)
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Uncertainty evaluation

Follow BIPM’s ‘GUM’ 

1. Define the measurand

2. Write down the 
measurement 
equation

3. Assign uncertainties to 
input variables

4. Calculate

JCGM 100:2008 Evaluation of measurement data – Guide to the expression of uncertainty in measurement

� =

�

�

Your datalogger 
(voltmeter) 
specification

The calibration 
uncertainty on the 
product certificate

Global Horizontal 
Irradiance E
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Spreadsheets (Excel)
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Typical uncertainty budget

• Calibration uncertainty

• Instrument specifications
• known systematic errors may be corrected

• Datalogger accuracy

• Maintenance

• …
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Result: sources of uncertainty
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example, offset a: 7 W/m2
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2016 performance testing

• Anton Driesse, Willem Zaaiman, 

Daniel Riley, Nigel Taylor, Joshua S. 

Stein, Investigation of Pyranometer 

and Photodiode Calibrations under 

Different Conditions, conference 

paper presented at IEEE PVSC 

2016, published on internet, 

accessed 10-Oct-2016.
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JRC Ispra / Sandia
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Errors in the 1 to 3 % range
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Good practices

• Quality assurance software for PV power 
plants
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Example software: “pyro shield”
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Good practices

• Calibration companies for pyranometers
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Example: calibration companies
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Good pracices / safety

ground 1

PV mounting system
power supply + communication node

ground 2

Avoid:

shield wire connected

electrical connection
to ground 1 + ground 2



evolution
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Data availability

• We spent several years of R & D in 

reduction of dew and frost

• Our opinion: Dew and frost are # 1 

in creating unreliable data

• We talk about “data availablility”

• IF (dew or frost) 

THEN (data availability = FALSE) 
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data availability = FALSE

dew frost

snow rain
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The new SR30 pyranometer
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Internal ventilation animation
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Focus: SR30

• secondary standard

• humidity sensor

• tilt measurement

• heated
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New ventilation & heating
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Powder snow in Utah USA
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Webcam: NOAA USA
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Irradiance top models
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Webcam: NOAA USA
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Webcam: NOAA USA
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Webcam: NOAA USA
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Webcam: NOAA USA
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Webcam: NOAA USA
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Webcam: NOAA USA



56

frost example
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dew example
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KNMI pyranometer comparison

SR20
SR25

SR30
Kipp
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Unreliable data % of time
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ISO 9060 revision
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Summary ISO 9060

• Final Draft

• Estimated date of Issue: SEP 2018

• “Secondary Standard” replaced by “Spectrally
Flat Class A”

• POA requires spectrally flat response

• Albedo requires spectrally flat response
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Summary ISO 9060

• Test reports required for every instrument

• Temperature dependence + Directional
response

• Not all installed base is OK

• IEC requires compliance to latest version of 
ISO

• Watch out! stock, retrofitting installed base
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Summary recent developments

• many different developments

• Combination leads to higher accuracies

• IEC 61724-1 acts as accelerator

• Instruments and calibration become better

• Under the best, IEC Class A, conditions
uncertainties in the order of 3 % (k=2)

• Watch out: new ISO 9060



Thank you!


