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Pyranometers in use

http://www.hukseflux.com/
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Example: monitoring services

http://www.hukseflux.com/
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Improvements needed

http://www.hukseflux.com/
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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

http://www.hukseflux.com/


7

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

http://www.hukseflux.com/
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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

http://www.hukseflux.com/
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NEW IEC 61724-1: 2017

http://www.hukseflux.com/
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Monitoring

• Measure – improve

• Monitoring = tool for building a 

green society

http://www.hukseflux.com/
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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

http://www.hukseflux.com/
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PV Monitoring: service industry

http://www.hukseflux.com/
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PV Monitoring

• Monitoring is an industry

• Utility scale PV plants hire

independent monitoring companies

http://www.hukseflux.com/
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IEC: 3 classes

http://www.hukseflux.com/
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NEW IEC 61724-1

http://www.hukseflux.com/
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IEC: Electrical

http://www.hukseflux.com/
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IEC: pyranometer class

http://www.hukseflux.com/
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IEC: calibration

http://www.hukseflux.com/
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IEC: heating + ventilation

http://www.hukseflux.com/
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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

http://www.hukseflux.com/


ASTM G213-17
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http://www.hukseflux.com/
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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

http://www.hukseflux.com/


23

Not easy

• Uncertainty depends on:

• Moving sun

• Variable environmental conditions

• Maintenance

• Data availability (dew, frost, snow)

• Horizon

• Reflections (tilted installation)

http://www.hukseflux.com/
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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

𝐸 =
𝑈

𝑆

Your datalogger 
(voltmeter) 
specification

The calibration 
uncertainty on the 
product certificate

Global Horizontal 
Irradiance E

http://www.hukseflux.com/


25

Spreadsheets (Excel)

http://www.hukseflux.com/
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Typical uncertainty budget

• Calibration uncertainty

• Instrument specifications
• known systematic errors may be corrected

• Datalogger accuracy

• Maintenance

• …

http://www.hukseflux.com/
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Result: sources of uncertainty

http://www.hukseflux.com/
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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.

http://www.hukseflux.com/
https://www.researchgate.net/publication/305851171_Investigation_of_Pyranometer_and_Photodiode_Calibrations_under_Different_Conditions
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JRC Ispra / Sandia

http://www.hukseflux.com/
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Errors in the 1 to 3 % range

http://www.hukseflux.com/
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Latest developments

• Quality assurance software for PV power 
plants

http://www.hukseflux.com/
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Example software: “pyro shield”

http://www.hukseflux.com/
https://3.basecamp.com/3430821/buckets/1268560/recordings/742800333/email/download/BAh7CEkiCGdpZAY6BkVUSSInZ2lkOi8vYmMzL0Jsb2IvNjAzNDY4Mjc_ZXhwaXJlc19pbgY7AFRJIgxwdXJwb3NlBjsAVFsHSSIKZW1haWwGOwBUaQTNO0YsSSIPZXhwaXJlc19hdAY7AFQw--f65cee0cd4b6c7cd8092010cc2e3ce6c15c8771b/Pyro Shield.PNG
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Latest developments

• Calibration companies for pyranometers

http://www.hukseflux.com/
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Example: calibration companies

http://www.hukseflux.com/


evolution
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http://www.hukseflux.com/
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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) 

http://www.hukseflux.com/
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data availability = FALSE

dew frost

snow rain

http://www.hukseflux.com/
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The new SR30 pyranometer

http://www.hukseflux.com/
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Internal ventilation animation

http://www.hukseflux.com/
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New ventilation & heating

http://www.hukseflux.com/
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http://www.hukseflux.com/
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Powder snow in Utah USA

http://www.hukseflux.com/
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ZAMG Austria Sonnblick

SR30 clear

CMP21 still
snow visible

http://www.hukseflux.com/
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Webcam: NOAA USA

http://www.hukseflux.com/
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frost example
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dew example
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Unreliable data % of time

http://www.hukseflux.com/
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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)

http://www.hukseflux.com/


Thank you!


