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Post Measurement Campaign Instrument Calibration Results

As part of the scope of this project GeoSUN was commissioned to calibrate the solar instruments after
one year of measurement. Due to Covid-19 travel restrictions this was not possible and the calibration
option changed to a post measurement campaign calibration. This entailed calibrating the instruments
on decommissioning of the station and if any significant instrument drifts were observed the
measured data would be post processed with adjusted multiplier.

The solar instrument calibration results per station are summarised in Table 1. Calibration certificates
are provided in Appendix A. The calibration results showed no significant sensor drifts for any of the

instruments.
Table 1: Makunduchi Calibration Results
Calibration Original Original Current Annual Sensor
Make and Serial Multiplier Calibration ' . . Calibration Calibration e s
Instrument Measurement . Calibration . Drift Since
Model Number (on Multiplier Date Multiplier Date Original Date
installation) [uV/W/m?] [_V/W/m?] e
Kipp &
Pyranometer GHI (1) Zonen 151401 8.92 8.93 13-Apr-15 8.87 07-Mar-22 -0.10%
CMP 10
Kipp &
Pyranometer GHI (2) Zonen 140995 8.41 8.59 05-Nov-14 8.56 16-May-22 -0.04%
CMP 10
Make and Serial Calibration Error Before
Instrument Measurement ' .
Model Number Date Recalibration
Delta
Pyranometer DHI (1) Electronics A2006 22-Apr-22 4.1%
SPN1




Appendix A

Calibration Certificate

GeoSUN &/

Pyranometer IS0 9847 Calibration Certificate Number: GSACA-2047
Calibrated Instrument
Instrument: Pyranometer Calibration Date: 07 March 2022
Manufacturer: Kipp & Zonen Serial Number: 151401
Model: CMP10 New Sensitivity: 8.87 pV/W/m2

IS0 9060:1990 Class: Secondary Standard

Calibration Methodology
GeoSUN performed an indoor calibration through exposure off both the calibratexd instrument (instrument under test) and a reference instrsment to an artificial
Bght a5 radiabion source and compasing the sensor outputs, The Instruments were installed on a common horeontal base and regulady checked b ersune that
it resmained dean and level for the duration of the meference data being oolleded. The calibration wad performed in adoordance with the IS0 9847 [1992)
standard, procedure bype [k

Reference Instrument and its Traceability Alzsobte Pyrheliometer AHF-ZA560
The refierence irstrument is & Kipp & Zonen CMP21 pyranometer (SN 110811). The instrument was WRR-Factor: 0999283 (IPC-XII 2015)
calibwated on 29 Desember 2021 at ISO-CAL Morth Amerca against alsolube cavily radiometer ™ +
AHF-ZB56D which sucrescfully participated at IPC-XII 2005 with the World Standard Group of
radiometers. The location of ISO-CAL B & 20th strest, Phoenix, Arizona in the USA al Btitude Refieremce Instrument: Kipp & Zonen CMP21
J1.E176944°, longitde -112.0306083° and afitude 570 m AMSL The referanes instrument was SH: 110811, Sens: 11,29 pViW/im2
calibratid &t normal inddence with the sun and sky radiation as the source using the "altemating * =
sun-and-shade methaod”. The readings are refierenced o the World Radiometric Reference (WRR) as
atzted in the WMO Technical Regulations, orginally with an ST relative uncsisinty esbimated at Calibrated Instrument Kipp & Zonen CMPA0
#00.3%. The dizgram on the right shows the traceability hieranchy. SN: 151401, Sens: 8.57 pV/Wim=

Absolute Uncertainty
The abeolibe uncedsinty B the aombined result of three uncetainties nameys:
1) The expernded uncertainty during calibration of Hhe reference instrument, given &5 £0.45%.
2) The uncertaingy in the correction of drectionad ermors (Losing ermors), esimated by sdentific judgement & +0.5%,
3] The expended uncertainty of the transfer procedune (calibration by comparison), estimated by scentifc judgement a4 1%,
Thie eoembined axpanded unastainty i the mot sum of the squares, reculing in V0452 + 0.52 + 12) = £1.21%.

Calibration Environment, Results and Instrument Status
The calbration was performed at lattude -33.965059°, onglude 18.54085% and alitude 119 m AMSL and was concluded on 07 March 2022 &t 15:14. A
calibration was done using the maasured output of the et instrument, of which the calibration emironment and reqlls s stated below. The measurement
results recorded in this cefificale wene comedt Bt Hhe me of caliration. The sulssquent accuracy will depend on factors such as care, handiing and
frequency of use. The calibration certificate o report may not be reproduced exospt in full, without the written approval of the boratory.

Instrument Status Calibration Environment - Average [Range]
Bubble Level: Good Irradiation: 566 [S64 - S67] Wim2
Dome: Good Ambient Temperature:s 23.8 [23.6 - 24.2] °C

Reference Insoument Temp.: 25.0 [24.8 - 25.2] °C

Original Calibration Calibration Results
Original Sensitivity: 893 V/Wim* New Sensitivity: 8.86873 pv/Wim=
Original Calib, Dater 13 Agril 2015 Sensitivity Standard Deviation (uﬂ: 0.00350 1V Wim?

Calibration Uncertainty (k = 2 +0.1069 pV/W/m# (£1.21%)
Diata Quantity 2 4 Saries, 16 Samples
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Calibration Certificate

GeoSUN R

Pyranometer IS0 9847 Calibration Certificate Number: GSACA-2166
Calibrated Instrument
Instrument: Pyranometer Calibration Date: 16 May 2022
Manufacturar: Kipp & Zonen Serial Number: 140995
Model: CMP10 New Sensitivity: 8.56 pv/W/m=

IS0 9060:1990 Class: Secondary Standard

Calibration Methodology
GeoSl N performed an indoor calibration through exposaine of bath the calibrated rstrument (instrument under Bt) and & refensnce Retrsment o an afifical
it &% radiation source and comparing the sensor outputs, The instruments were installed on & comimon horeontal base and regularty checked b ersune that
B resmained dean and level for the durstion of e meference dats being oolledted]. The calibration was perfonmed in accordance with the IS0 9847 [1997)

standard, procedure type e,

Reference Instrument and its Traceability Alsohute Pyrheliometer AHF-Z560
The refierence irstrument is & Kipp & Zonen CMP21 pyranometer (SN 1108115 The irstrument was WRR-Factor: 0.9992E3 (IPC-XII 2015)
calibrated on 29 December 3020 at ISO-CAL Morth America against alsolute cavilty radiometer +
AHF-2B560 which sucessfully participated at IPC-XID 2045 with the World Standand Group of
radfiometers. The ocation of 1S0-CAL B &t 20th erest, Phoenix, Arizona in the USA at Btitude Refieremoe Instrument: Kipp & Zomnen CHP21
31.B176944°, longitude -112.0396083° and akitude 570 m AMSL. The reference indrument was Shi: 110811, Sens: 11.29 phw)im?
cafibwates] Bt normal incidence: with the sun and sky radiation as the source wsing the "altemating * =
sun-and-shade method”. The readings are refierenced i the Workd Radiometric Refersnce [WRR) as
stated in the WMO Technical Regulabions, orginally with an 51 relative uncertinty estimated st Calibrates] Trstrument Kipp & Zonen CMPL0
£0,3%. The: dizgram on the dght shows the traceability hieranchy. SN: 140995, Sens: 8.56 pNIW/m=

Absolute Uncertainty
The absolute uncerdzinty & the combined result of Hree uncertainties namey:
1) The expanded uncertainty during calibration of He reference instrument, given as 0.45%.
2]} The: uncertainty in the correction of directional errors (cosine: ermors), edimated by sdentific judgement as £0.5%.
3) The expended uncertainty of the transfer procedure (calibration by comperison), estimate by stentific judgement as +1%.
Thie cormbined expanded uncestalnty B e ot s of e squares, reailing n viDA5 + 0.5 + 17) = 21.71%.

Calibration Environment, Results and Instrument Status
The calibration wad performes] at latifsde -33.96509°, ongitude 18.B40B5% and alitede 119 m AMSL and wes onchsded on 16 May 2022 atb 11:45. A
calibration was done using the maasured output of the test instrument, of which the calibration emvimonment and resulls are sated beiow. The measurement
results recorded in this ceftificate were oomact 8t the time of calirabion. The albsequeent acuracy will depend on factors such as came, handing and
fresquency of use. The calibration certificate or report may not be reproduced except in full, withaut the written appeoval of the Bboratory.

Instrument Status Calibration Envireonment - Average [Range]
Bubble Lewel: Dry, nesds replacing Irradiation: 568 [S67 - 58] W/m=
Dome: Good Ambient Temperature: 23.0 [22.6 - 23.4] °C

Reference Instument Temipa: 2.7 [22.3 - 23.1] °C

Original Calibration Calibration Results
Original Sensitvity: 8,59 pViw/m= New Sensitivity: 855730 pv/W/m=
Original Calib, Date: 05 November 2014 Sensitwity Standard Devietion (u,ff: 0.00255 v/ Wim=

Calibration Uncersinty (k = 2): =0.1031 pV/W/m?* (£1.21%)
Dista Cuantity : 4 Saries, 16 Samples
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Delta-T Devices Lid

Calibration Certificate

This is to certify that the Sunshine Pyranometer type SPN1 identified below has
been calibrated in accordance with Delta-T Devices Ltd standard production
procedures and conforms to the specifications as detailed.

Serial Number SPN1 - A2006
Date 22/04/2022
Authorised Signature i
Jamue Patrick

We recommend that this instrument is recalibrated every 2 years.

Traceability

The SPN1 is calibrated under a uniform light source which simuiates the solar
spectrum, against a transfer standard SPN1. The transfer standard is calibrated
outdoors against a Kipp & Zonen CM21 secondary standard pyranometer
(calibration traceable to the World Radiometric Reference), with solar tracker and
shading disk for diffuse measurement.

Accuracy, Total (Global) and Diffuse radiation

When correctly calibrated, the expected accuracy is given in the table below. The
figures give 95% confidence limits, i.e. 95% of individual readings will be within
the stated limits under normal climatic conditions.

Oversll sccurscy” +8% daily integrals

£5% 10 Wonr® hourly averages
+8% +10 W™ individusal readings

Range 010 >2000 Wm*
Analogue output sensitivity 1mVy = 1 Womn?

Delta-T Devices Ltd

130 Low Road, Burwell, Cambridge, CB25 0EJ, UK
Tel: +44 1638 742022 Fax: +44 1638 7431556

email: sales@deita-t.co.uk web: www.delta-t,co.uk




SPN1 Service and Recalibration Report

R8145

SPN1 Serial Number: A2006 Serviced by: Jamie Patrick Date: 22/04/22

Inspection

Inspect and clean... Condition, observations, actions taken

Dome Good.
Seal Good.
Shadow mask Good.
Bezel Good.
Diffusers Good.
Connectors Good.
Desiccant holder Good.

Desiccant  Replaced desiccant capsule. Supplied spare.

Main o-ring seal Good.

General condition and

PN Good. Normal wear and tear.

Recalibration
Calibration date: 22/04/2022

Error before recalibration: 4.1%

SPN1-SR-01-02




