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LATEST DEVELOPMENTS 
IN SOLAR IRRADIANCE MEASUREMENT
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• Kees VAN DEN BOS
• Hukseflux Thermal Sensors

• Member ISO TC 180 / SC1
• Candidate member IEC TC 82

Presented by:
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Pyranometers



Use in monitoring services



Weakest link in the chain
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• solar irradiance measurement

• improving measurement accuracy
• improving data availability

• IEC 61724-1: PV system performance monitoring
• ISO 9060: classification standard
• ASTM G213: uncertainty evaluation of irradiance measurement
• ISO TR 9901: recommended practices

Subjects
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• Monitoring according to IEC 61724 rapidly becomes the standard
• ISO 9060 classification standard has been approved

• Monitoring for bifacial systems (albedo)

What is new since May 2018
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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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Test results
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Test results
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• Technical: Failure detection

• Technical: Creating a performance baseline

• Financial: Increase income

• Financial: Risk profile reduction

• Financial: Sale of the PV power plant

PV monitoring purposes
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• Monitoring is an industry

• Utility scale PV plants hire independent 
monitoring companies

PV monitoring
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IEC 61724-1: 2017
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OMSYS01 Hot CubePOA + GHI + RHI
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OMSYS01 Hot CubePV monitoring according to IEC 61724
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OMSYS01 Hot CubeIEC: Electrical
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OMSYS01 Hot CubeIEC: pyranometer class



OMSYS01 Hot Cube

19

OMSYS01 Hot CubeIEC: calibration
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OMSYS01 Hot CubeIEC: heating + ventilation
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• recommends the use of the best instruments if
accuracy must be high

• high accuracy reduces “risk profiles”

• IEC 61724-1 identifies pyranometers as 
“weakest link” in analysis, 

• stresses maintenance & calibration

Summary: IEC 61724-1
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Typical IEC Class A station
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ASTM G213-17
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• Uncertainty depends on:

• Moving sun
• Variable environmental conditions
• Maintenance
• Data availability (dew, frost, snow)
• Horizon
• Reflections (tilted installation)
• Albedo (bifacials)

Not easy to attain a high accuracy 
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• Calibration uncertainty
• Instrument specifications
• Maintenance
• …

Typical uncertainty budget



OMSYS01 Hot Cube

26

Analuysis according to ASTM
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ISO 9060 revision
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• issued NOV 2018

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

• distinction between “normal”and “spectrally flat” 
instruments

• why use “spectrally flat” pyranometers in PV monitoring:
• POA requires spectrally flat response
• albedo requires spectrally flat response

Summary ISO 9060
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• Test reports required for every instrument
• Temperature dependence + Directional response

• IEC requires compliance to latest version of ISO
• Not all installed base is OK

Class A instruments
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ISO to IEC connection

IEC monitoring class A B

ISO 9060:1990 
pyranometer class

secondary standard first class

ISO 9060:2018 
pyranometer class

spectrally flat A spectrally flat B

heating yes yes

ventilation yes no

calibration 1 yr 2 yr

cleaning 1 wk 2 wk
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OMSYS01 Hot CubeJRC Ispra / Sandia
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• 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.

2016 performance testing / ideal conditions

https://www.researchgate.net/publication/305851171_Investigation_of_Pyranometer_and_Photodiode_Calibrations_under_Different_Conditions
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Errors in the 1 to 3 % range / ideal conditions
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Meanwhile, in the real world, ..
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OMSYS01 Hot Cubepowder snow in Utah USA
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OMSYS01 Hot CubeWebcam: NOAA USA
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OMSYS01 Hot Cubesnow
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OMSYS01 Hot Cubesnow
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Webcam: NOAA USA
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Webcam: NOAA USA
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The Netherlands
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Met office (KNMI) comparison

SR20 SR25
SR30

Kipp
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Unreliable data % of time
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Webcam: NOAA USA
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China ventilation not effective against soiling

Ventilated

Clean after rain shower After a few days

Not ventilated
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China soiling and ventilation
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Frost example
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Dew example
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Good practices: calibration
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OMSYS01 Hot CubeGood practices: Cleaning
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Good practices: WARNING: electrical safety

ground 1

PV mounting system
power supply + communication node

ground 2

Avoid:

shield wire connected

electrical connection
to ground 1 + ground 2

ground 1

PV mounting system
power supply + communication node

ground 2

Avoid:

shield wire connected

electrical connection
to ground 1 + ground 2
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What sensor to use?
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Evolution in instrument design
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• Our opinion: Dew and frost are # 1 in creating
unreliable data

Data availability
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Heated pyranometers (model SR30)
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• heated

• homogeneously by
internal ventilation

• internal humidity sensor

• tilt measurement

Heating and added diagnostics
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Low power



OMSYS01 Hot Cube

58

Unreliable data % of time
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ISO TR 9901 revision
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• follow/ repeat IEC recommendations or not
• how to define benefits of heating 
• how to define benefits of ventilation

Discussion points
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Class A monitoring system 
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Pyanometer with tilt sensor on tracker (insulated)



OMSYS01 Hot Cube

63

Albedometer (facing up and down)
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How to monitor for bifacial systems
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How to monitor for bifacial systems
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• measuring versus modelling (satellite – measurement 
based)

• sensor locations in the array?
• Pyranometer versus PV reference cell
• averaging over many locations? 
• Horizontal or tilted – PVSYST?
• IEC recommends 1 x RHI for every POA

• at least 1 station away from arrays for reference 
albedo 

Discussion points
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Reference station for albedo
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• 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: specify “spectrally flat” instruments
• monitoring for bifacial systems is “work in progress”

Summary recent developments
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