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Solar irradiance measurement: 

update of development of standards in ISO and IEC
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• Project leader ISO TR 9901, and ISO 9847

• member of IEC working Group drafting IEC 61724-1
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Water cooled for 1000 x concentrated solar
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Update:

• ISO TR 9901: pyranometers recommended practice for use

• ISO 9847: calibration of pyranometers against pyranometers

Sidelines e.g:

• ISO 9060: classification of instruments fore measuring 

hemispherical and direct solar irradiance

Subjects
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• IEC 61724 group of standards PV system performance evaluation

• -1: monitoring (general theory)

• -2: 1 day evaluation for commissioning

• -3: evaluation during operation

• WMO Guide to Instruments and Methods of Observation

Leading standards Solar / Meteorological 



9

IMOP



10

• Perform measurements

• Classify systems (accuracy class)

• Classify instruments

• Standardise maintenance / calibration interval

• estimate uncertainties of measurements

Coherent system for practical use
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Are written by solar renewable energy community

• ISO TC 180: solar energy ; measurement & data

• IEC TC 82 - Solar photovoltaic energy systems

No meteorological background

ASTM equivalents : G 03 Weathering and Durability

Standard development
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• IEC 61724 group of standards PV system performance evaluation

• -1: monitoring (general theory)

• -2: 1 day evaluation for commissioning

• -3: evaluation during operation

• ISO 9060 – classification of pyranometers (revised in 2017)

• ISO TR9901 – recommended use of field pyranometers

• ISO 9847 – calibration of pyranometers

• ASTM G 213 – uncertainty evaluation of pyranometer measurement

Standards logic Solar perspective



13

• ISO Guide 99 (VIM) International Vocabulary of Metrology

• ISO Guide 98 (GUM) Expression of uncertainty in measurements

• ISO / IEC 17025: Requirements for Competence of Testing and 

Calibration Labs

Underlying
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• IEC 61724 group of standards PV system performance evaluation

• -1: monitoring (general theory)

• -2: 1 day evaluation for commissioning

• -3: evaluation during operation

• ISO 9060 – classification of pyranometers (revised in 2017)

• ISO TR9901 – recommended use of pyranometers (approved 2021)

• ISO 9847 – calibration of pyranometers

• ASTM G 313 – uncertainty evaluation of pyranometer measurement

Under revision (2021)
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IEC 61724 (group)
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Pyranometers



Weakest link in the chain
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PV system simplified

• D: System efficiency: C/(A·B)

• Degradation: change of D versus time dD/dt

• performance ratios: system name-plate rating

• performance index: more detailed model of system 
performance.
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Test results comparing to “name plate”

temperature
corrected

index
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• Monitoring is an industry

• Industry is driven by investors (banks/ asset 

managers)

• Pyranometers are key to billions of investment 

capital / application of renewable energy

• SI traceability?!

PV system performance monitoring
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OMSYS01 Hot CubePOA + GHI + RHI
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Typical IEC Class A station
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Pyanometer with tilt sensor on tracker (insulated)

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjvyvOs2NHeAhWHjqQKHTzzAI4QjRx6BAgBEAU&url=https://grndwork.com/orbit-series-array-packages/&psig=AOvVaw248ayXt9TKpIUTtSXVzRnX&ust=1542209438141585
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Reference station for albedo
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OMSYS01 Hot CubeISO TR 9901 good practices: Cleaning
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Good practices: calibration
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OMSYS01 Hot CubeIEC: calibration & cleaning

Change: next version
of IEC 61724-1
Calibration 1 x / 2 yr
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ISO TR 9901 good practices: heating
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OMSYS01 Hot CubeIEC: mitigation of dew and frost

Change: next version
of IEC 61724-1
“ventilation”will be
replaced by
“mitigation of dew
and frost”
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OMSYS01 Hot CubePV monitoring according to IEC 61724

Change: next version
of IEC 61724-1
only class A and C 
system classes 
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• Classifies

• Moves towards high accuracy “Class A ” 

systems

• Recommends heating to mitigate dew and frost

• Stresses the need for maintenance, inspection

• Calibration interval requirement: 2 years

• Now includes albedo measurement

Summary: revised IEC 61724-1
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OMSYS01 Hot CubeISO 9060 classification
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• Classes A, B and C

• Accuracy class (VIM)

• Specification limits are expressed as 

“acceptance intervals” with a “tolerance

interval” 

• Reference conditions: clearly defined (20 °C for

temperature, clear sky solar spectra for

sprectral error)

ISO 9060 summary
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• Classes A, B and C

• Normal classification: spectral error for set of 

clear sky global spectra

• Subclass spectrally flat: 1990 “spectral

reponse”

• Old Secondary standard becomes : spectrally

flat class A

• Subclass: fast-response 

• Testing clarified for Class A

Classification
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Uncertainty evaluation: ASTM G213-17
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• Calibration uncertainty

• Instrument specifications (Class)

• Maintenance/cleaning

• …

Typical uncertainty budget
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Analysis according to ASTM: example
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• Uncertainty of sensitivity of reference: 1 %

• Transfer to lab conditions (temp, normal incidence) :0.5%

• Method (uncertainty of transfer): 0.5 %

• Calibration SQRT (1 2 + 0.5 2 + 0.5 2) = 1.2 %

• More information: Jorgen KONINGS

INDOOR CALIBRATION uncertainty budget
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• ISO TR9901:1990: Field pyranometers - recommended practice for

use

• ISO 9847:1992: calibration of field pyranometers by comparison to

a reference pyranometer

• Revisions of 1990’s versions

• All contained obsolete practices, originally from meteorology/ 

climatology

• Pyranometers are no longer exotic but used a lot in PV system 

performance monitoring

Work done / to be done
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ISO TR 9901
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• Active participation: Australia, Netherlands, Japan, Germany, USA, 

Switzerland

Status
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• Re-arrangement of chapters

• Vocabulary adapted to JGCM 200, ISO Guide 99, The international 

vocabulary of metrology—basic and general concepts and associated 

terms (VIM),

• Referral to non-spectrally flat pyranometers (as per ISO 9060 

classification)

• Clarification of functionality of ventilation (dew and frost mitigation, 

and not cleaning)

• Referral to ASTM  G213-17 “Standard Guide for Evaluating 

Uncertainty in Calibration and Field Measurements of Broadband 

Irradiance with Pyranometers and Pyrheliometers”

Contents TR9901 
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• Tuned to higher measurement accuracy (required in PV monitoring)

• Stressing that with a measurement comes an uncertainty

• Inclusion of digital instruments

• Pointing out that calibration uncertainty is in the order of 1 - 2 %

• Pointing out that time stamps are important

• Reference to IEC 61724-1

Contents TR9901 
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Estimates of achievable uncertainty
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Calibration ISO 9847
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• ISO 9847: calibration of field pyranometers by comparison to a 

reference pyranometer

• Draft drafting: CD submitted and to be discussed.

• next teleconference planned in NOV 2021

• Active participation: Australia, Netherlands, Japan, Germany, Spain, 

USA, China, Korea, Switzerland, ..

Status
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• Change to title approved

• Re-arrangement of chapters

• Vocabulary adapted to JGCM 200, ISO Guide 99, The international 

vocabulary of metrology—basic and general concepts and associated 

terms (VIM),

• Referral to non-spectrally flat pyranometers (as per ISO 9060 

classification)

• Referral to ASTM  G213-17 “Standard Guide for Evaluating 

Uncertainty in Calibration and Field Measurements of Broadband 

Irradiance with Pyranometers and Pyrheliometers”

Contents ISO9847



48

• Including digital sensors

• Deleting some practices nobody used (indoor tilted calibration)

• Outdoor calibration: changed requirements for the time series used

for analysis, acceptable atmospheric conditions, data rejection, 

calculation of the result, uncertainty evaluation.

Contents ISO9847 
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• Vocabulary: 

• Calibration reference – test (sensor)

• Calibration conditions (during test)

• Calibration reference conditions (on certificate, for which sensitivity

is valid)

Contents ISO9847 
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• Lot of work done

• Well prepared for other ISO standards (pyranometer –

pyrheliometer)

• Well prepared for IMOP

• Input for IMOP: be careful copying ISO 9060 elements (not

spectrally flat instruments cannot be used for albedo / net radiation)

Summary



Thank you!


