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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 to 3. Calibration
certificates are provided in Appendix A. The calibration results showed no significant sensor drifts for
any of the instruments.

Table 1: Dodoma Calibration Results

Calibration Original Original Current Annual Sensor
Make and Serial Multiplier Calibration ) g ] Calibration Calibration .
Instrument Measurement . Calibration . Drift Since
Model Number (on Multiplier Date Multiplier Date Original Date
installation) [uV/W/m?] [_V/W/m?] e
Hukseflux
Pyranometer GHI (1) SR20-T2 5573 12.11 12.01 04-Jul-16 12.16 16-May-22 0.21%
Kipp &
Pyranometer GHI (2) Zonen 140512 8.61 8.58 23-Apr-14 8.58 07-Mar-22 0.00%
CMP 11
Make and Serial Calibration Error Before
Instrument Measurement . .
Model Number Date Recalibration
Delta
Pyranometer DHI (1) Electronics A2005 22-Apr-22 3.5%
SPN1




Table 2: Shinyanga Calibration Results

Calibration Original Original Current Annual Sensor
Make and Serial Multiplier Calibration ) . . Calibration Calibration Drift Since
Instrument Measurement . Calibration . )
Model Number (on Multiplier Date Multiplier Date Installation
installation) [uV/W/m?] [uv/W/m?] Date
Kipp &
Pyranometer GHI (1) Zonen 162969 8.51 8.74 23-Nov-18 8.56 07-Mar-22 -0.53%
CMP 10
Kipp &
Pyranometer GHI (2) Zonen 141003 9.58 9.67 05-Nov-14 9.59 07-Mar-22 -0.10%
CMP 10
T Measurement Make and Serial Calibration Error Before
Model Number Date Recalibration
Delta
Pyranometer DHI (1) Electronics A1702 22-Apr-22 3.2%
SPN1
Table 3: Dar es Salaam Calibration Results
Calibration Original Original Current Annual
Make and Serial Multiplier Calibration . e . Calibration | Calibration Sensor Drift
Instrument Measurement - Calibration . K . .
Model Number (on Multiplier Date Multiplier Date Since Original
installation) [1V/W/m?] [1V/W/m?] Date
Hukseflux
Pyranometer GHI (1) SR20-T2 3685 12.4 12.13 02-Apr-15 12.33 24-Jan-23 0.20%
Pyrheliometer DNI (1) H”[';;Z;'“X 8362 9.84 9.66 25-Feb-15 9.84 25-Jan-23 0.23%
Calibration Original Original Current Annual
Make and Serial Multiplier Calibration " & . Calibration | Calibration Sensor Drift
Instrument Measurement - Calibration . K -
Model Number (on Multiplier Date Multiplier Date Since Original
installation) [1V/W/m?] [_V/W/m?] Date
Hukseflux
Pyranometer DHI (1) 3681 11.43 11.11 02-Apr-15 11.4 24-Jan-23 0.32%

SR20-T2




Appendix A

Calibration Certificate

GeoSUN R

Pyranometer ISD 9847 Calibration Certificate Number: GSACA-2168
Calibrated Instrument
Instrument: Pyranometer Calibration Date: 16 May 2022
Manufacturer: Hukseflux Serial Number: 5573
Model: SR20-T2 New Sensitivity: 12.16 pV/W/m=

IS0 9060:1990 Class: Secondary Standard

Calibration Methodology
GeoSlN performed an indoor calibration through esposure of both the calibratesd irstroment [instrument under Best) and a reference instrement to an artifical
Bght &5 radiation source and comparing the sensor outputs, The instruments were installed on @ common horieontal bass and regularty checked bo ersune that
B remained dean and level for the duration of the reference data baing collecter]. The calibration was performed in accondance with the IS0 9847 (1993)

standand, procedure bype e,

Reference Instrument and its Traceability Almsoiute Pysheliomeber AHF—Z8550
The reference irstrument € 8 Huiseflux SR20 pyranometer (SN 13035). The irstrument was WRR-Factor: 0L999263 (IPC-XII 2015)
calibeated on @ March 2022 at ISO-CAL Morh Amesica against absolute vty radiometer 4‘

AHF-ZB536D which sucressfully participeted at IPC-XIT 2015 with the Word Standard Group of -

radfiometers. The location of 1S0-CAL & &b J0th ohresd, Phoeniz, Arizona in the USA &t Btiude Reference Indtrument Hukseflue SR30
31.E176544°, longitude -112.0396G085% and alitude 570 m AMSL The reference indrument was SH: 13035, Sens: 1542 gV W/ m=
calibrated &t normal inddence with the sun and sky radiation a5 the source wsing the "altemating *

sun-and-shade methad”. The readings are referenced b e Workd Radiometds Refersnce [WRR) as

stated in the WMO Technical Regulations, originally with an 51 relabive ureedzinty estimated at Caltwated Instrument Hukseflus SA20-T2
#0.3%. The dizgram on the rdght dhows the tracesbility herarchy. SM: 5573, Sens: 12,16 LW/ m2

Absolute Uncertainty
The absolute uncerdzinty & the combined result of tree uncertainties namedy:
1) The expended uncertainty durng calibeation of the referancs instrument, gheen B4 £0.45%.
2] The uncertainty in the correction of directional errors (cosing errors), estimated by sdentific judgement a5 +0.5%.
3] The expende uncertainty of the transfer procedure (calibration by comparison), estimater by scentific judgement as £1%.
The eoembined axpanded uncetainty & the oot sum of the squares, reculting in yT0A52 + 0.52 + 15) = £1.21%.

Calibration Environment, Results and Instrument Status
The caliration was performed at aifsde -33.96509°, longitude 18.840B5% and alitude 119 m AMSL and was concheded on 16 May 2022 at 14:54. A
calibration was done using the mastursd cutput of the et instrument, of which the calibrabion emvirorment and resolls ane sabed belvw. The measureament
results recorded in this cefificabe were aomact st Hhe Hime of calibrabion. The subsequent acuracy will depend on fadors such as care, handliing and
freqquency of use. The calibration certificate o report may ot be reproduced except in Tull, without the written approval of the Bboratony.

Instrument Status Calibration Environment - Average [Range]
Bubble Level: Good Irradiation: 549 [548 - 550] Wim=
Dome: Good Ambient Temperature: 24.8 [24.1 - 26.3] °C
Desiccant: Replaced Reference Instument Temp.: 24,1 [23.3 - 24.8] oC
Original Calibration Calibraticn Results
Original Sensitvity: 12,01 pv/'W/m* Mew Sensitivitys  12.15597 pviW/m=
Owiginal Calib, Date: 04 July 2016 Sensitivity Standard Deviation {(I..,n:ﬁ'l 0.00565 pvWim=

Calibration Uncertainty (k = 23 £0,1465 \viW/m? [£1.21%)
Diata Quantity : 4 Saries, 16 Samples

T
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Calibration Certificate

GeoSUN 1§/

Pyranometer IS0 9847 Calibration Certificate Number: GSACA-2044
Calibrated Instrument
Instrument: Pyranometsr Calibration Date: 07 March 2022
Manufacturer: Kipp & Zonen Serial Number: 140512
Model: CMP10 New Sensitivity: 8.58 pvW/m=

150 9060:1990 Class: Secondary Standard

Calibration Methodology
GeoSUN performed an indoor calibration through exposure off both the calibrated rstrument (instrument under test) and a reference instrument o an artifical
Eght a5 radiation source and comparing the sensur outputs. The instruments were installed on a common hortzontal base and regulady checkes bo ersune that
R remained dean and level for the duration of the reference data being collected. The calibration was parformed in accondance with the IS0 9847 (19532)

standard, procedure type Dle.

Reference Instrument and its Traceability Al e Pyrheliomeder AHF—ZE560
The refierence irstrument is & Kipp & Zonen CMP21 pyranometer (SN 110811). The instrument was WRR-Factor: 0.999283 (IPC-XII 2015)
calibrated on 29 December 3021 at ISO-CAL Morth America against absolube cawvily radiometer +
AHF-2B560 which sucessfully participated at IPC-XIT 2015 with the Word Standard Group of -
radiomebers. The baalion of 1S0-CAL B &t J08h dresd, Phoenix, Armna 0 the USA al Bilide Referends Instrument Kipp & Zonen CMP21
33.B176944°, ongitude -112.03960853° and alitude 570 m AMSL. The mfeene insrument was SM: 110811, Sens: 11.29 pWiW/m?
calibwated 8t normal inddence with the un and sky radiation as the Source ising the "alemating * ol
sun-and-shade method™. The readings are referenced i the Workd Radiometric Reference [WRR) as
siated in the WMOD Technical Regulabions, originally wih an 51 relative urcesteinty estimated st Calibraten Tratrument Kipp & Zoren CMP10
#10.3%. The diagram on the rght shows the traceability hisrarchy. SN: 140512, Sens: 8.58 yvW/m2

Absolute Uncertainty
The absolute: uncerdzirty & the ombined result of three uncertainties namedy:
1) Thie expanded uncertainty during calibration of Hhe reference instrument, gheen B3 &0.45%,
2] The uncertainty in the correction of directional errors (cosine errors), estimated by sdentfic judgement as £0.5%.
3] The exparded uncertainty of the transfer procedune (calibration by comparison), estimate] by scentific judgement as 1%,
The eombined axpanded uncertainty i the ool sum of the squans, reculing in VI0DA52 + 052 + 12) = £1.21%,

Calibration Environment, Results and Instrument Status
The calibration was performed at laitude -33.96509°, ongitude 18.84D85% and alihude 119 m AMSL and wad concluded on 07 March 2022 &t 12:50. A
calibration was done using the maasured output of the test instrument, of which the calibration emvirorment and resulls are stated beiow, The measurement
rei s reconded in this ceftificate were et &% the time of calibration. The subssqeent accuracy will depend on factors such a8 cans, handiing and

fresquency of use, The calibration centificate or report may not be reproduces] except in Tull, without the written apprewval of the borabory.

Instrument Status Calibration Envirenment - Average [Range]
Bubble Lewel: Good Irradiation: 568 [567 - 568] Wim=
Domie:  Abrasions present but fit for use Ambient Temperature:  24.4 [24.3 - 24.5] °C

Reference Insoument Temipa:  25.8 [25.8 - 25.8] °C

Original Calibration Calibration Results
Original Sensitivity: 858 PV W/m= Mew Sensitivity: 8.58222 pVW/im=
Origingl Calib, Date: 73 April 2014 Sensitiity Standard Devistion (o, ) 000015 ph/Wim?

Calibration Uncertainty (k = 2k 20,1034 pviw/m= (£1,21%)
Diata Quantity : 4 Series, 16 Samples

Clrastir Yl S I oy
il
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Delta-T Devices Ltd

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 - A2005
Date 22/04/2022
Authorised Signature 77
Jamve Pannck

We recommend that this instrument is recalibrated every 2 years.

Traceability

The SPN1 is calibrated under a uniform light source which simulates 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.

Dverall scciracy: 6% dally integrais
5% 10 W.m* houry averages
+8% +10 Wm" indmidual readings
Range 0 to >2000 W.m*
Analogue output sensanaty mv = 1 W.aw®

Delta-T Devices Ltd

130 Low Road, Burwell, Cambridge, CB25 0EJ, UK
Tel: +44 1638 742022 Fax: +44 1638 743156

email: sales@deita-1.co.uk web: waw defla-1.co.u8




SPN1 Service and Recalibration Report

R8145

SPN1 Serial Number: A2005

Serviced by: Jamie Patrick

Date: 22/04/22

Inspection
Inspect and clean...

Dome

Seal

Shadow mask
Bezel

Diffusers
Connectors
Desiccant holder
Desiccant

Main o-ring seal

General condition and
observations

Recalibration

Calibration date :

Condition, observations, actions taken
Good.

Good.

Good.

Good.

Good.

Good.

Good.

Replaced desiccant capsule. Supplied spare.

Good.

Good. Normal wear and tear.

22/04/2022

Error before recalibration :  3.5%

SPN1-SR-Q1-02




Calibration Certificate

Pyranometer IS0 9847 Calibration

Calibrated Instrument
Instrument: Pyranometer
Manufacturer: Kipp & Zonen
Model: CMP10

GeoSUN B/

Certificate Number: GSACA-2049

Calibration Date: 07 March 2022
Serial Number: 162969
MNew Sensitivity: 8.56 pv/W/m?

IS0 9060:1990 Class: Secondary Standard

Calibration Methodology

GaoSUN pesformed an indgoor calibration through exposune of both the calibrated instrument (instrument wnder tedt) and a reference instrument Lo an antifical
light &s radiation source and comparing the sensor outpuls. The instruments weare installed on & common horizontal base and regularly dhecked 1o ensure that
it remained ciean and level for the duration of the reference data being collected. The calibration was performed in accordance with the 150 5847 (15992)

standard, procedure type Tic.

Reference Instrument and its Traceability

The reference instrument is a Kipp & Zonen CMP21 pyranometer (SN 110E11). The insbrument was
calibrated on 29 December 2021 at ISO-CAL North America against absolube cavily radiometer
AHF-2B560 which sucresciully participated at IPC-XIT 2015 with the World Standand Group of
radiomelers. The Doaton of IS0-CAL & at 20th strest, Phoenix, Arizona in the USA at laliuide
33.8176944°, Iongitude -112.03%6083° and altitude 570 m AMSL. The reference instrument was
calibrated at nommal indidence with the sun and sky radiation as the source wsing the “altemating
sun-and-shade method ™. The readings are referenced o the World Radiometnic Reference (WRR) as
stated in the WMD Technical Reguiations, originally with an 51 relative uncertainty estimated at
£0.3%. The diagram on the right shows the traceability hiesarchy.

Absolute Uncertainty
The abspbute uncartainty is the combined result of thres uncertainties namealy:
1) The expanded uncertainty during calibration of the relerence nstrument, given as £0.45%.

Absolute Pyrheliometes AHF-2E560
WRR-Factor: 0.999283 (IPC-XII 2015)

v

[ Reference Instrument Kipp B Zonan CMPZL

Sh: 110811, Sens: 11.29 pvWime

v

[ Calibrated Instrument Kipp & Zonen CMPLD

SN: 162965, Sens: B.56 pviW/im?

2) The uncertainty in the comection of directional erroes [cosing emors), estimated by scentific judgement as £0.5%,
3) The expanded uncertainty of the transfer procedure (calibration by comparison), estimated by scientific judgement as £1%.

V_‘t_br_

The: comibined expandad wncertainty is e root sum of the squares, resulting in v(0.452 + 057 + 13) = £1.21%.

Calibration Environment, Results and Instrument Status

The calibration was performed at latkude -33.06500°, longitude 18.840857 and altftude 119 m AMSL and was concluded on 07 March 2022 at 16:16. A
calibration was done using the measured cutput of the test instrument, of which the calibration environment and results are stated below, The measurement
resulls recorded in this certificate were comect ab the time of calbration. The subsequent accuracy will depend on fackes such as care, handling and
frequency of use. The caibration cestificate or report may not be reproduced except in Tull, without the written approval of the laboratory.

Instrument Status
Bubble Level: Good
Dome: Good

Calibration Environment - Average [Rangz]

Irradiation: 564 [563 - 566] W/m=

Ambient Temperature: 24.3 [24.1 - 24.7] °C

Reference Instrument Temp.: 25.9 [25.8 - 26.0] °C

Original Calibration
Original Sensitivity: 8.74 pv/'W/m=
Original Calib. Date: 23 Movember 2018

Calibration Results
New Sensitivity: 8.55787 pV/Wim=

Sensitivity Standard Deviation (g,,.): 0.00044 pV/Wim=

Calibration Uncartainty (k = 2): =0.1031 pV/W/im= (£1.21%)

Data Quantity : 4 Saries, 16 Samples

Calibrated by:

Authorised by:

M.L. de Jager

f;;%_w

W.C. Engelbrecht

GenSUN (Py) Ltd
21 Cuantum Street, Techno Park, Stellenbosch, South Africa
INfOEQE0SUN. 00,28, Wiww. Je0sUN.00.23,+ 27 21 BE2 B354




Calibration Certificate

GeoSUN B/

Pyranometer IS0 9847 Calibration Certificate Mumber: GSACA-2045
Calibrated Instrument
Instrument: Pyranometer Calibration Date: 07 March 2022
Manufacturer: Kipp & Zonen Serial Mumber: 141003
Model: CMP10 MNew Sensitivity: 9.59 pV/W/m=

IS0 90680:1990 Class: Secondary Standard

Calibration Methodology
GeoSUN performed an indoor calibration through exposure of both the: calivated instrument (instrument nder test) and a reference instriment to an antifical
light as radiation source and comparing the sensor oubputs, The instrisments were installed on @ common horizontal base and regularly checked bo ensure that
it remained chean and level Tor the duration of the reference data being collected. The calibration was performed in accordande with the IS0 9847 (1992)

standard, procedure type IIc.

Reference Instrument and its Traceability Absoiuite Pyrheliometer AHF-2E560
The reference instrument is a Kipp & Zonen CMP21 pyranometer (SN 110B11). The instrument was WRR-Factor: 0.999283 (IPC-XII 2015)
calibrated on 29 December 2021 ab IS0-CAL Morth America against absolite cavity radiometer *

AHF-2B560 which ssocessiully participated at IPC-XII 2015 with the World Standard Growg of
radiometers. The Doaton of [S0-CAL & at 20th strest, Phoenix, Arizona in the USA at labitude Reference Instrsment Kipp & Zomen CHPZ1
3381769447, ongitude -112.03%G5083° and altitude 570 m AMEL. The reference ingtrument was 5N: 110811, Sens: 1129 pvWim?
calibrated at normal incidence wikh the swn and sky radiation as the source wsing the altemating +

sun-and-shade method ™. The readings ane referenced 1o the World Radiometric Reference (WRR) as
stated n the WHMD Technical Requiations, originally with an 51 relative uncertainty estimated at [ Calibrated Instrument Kipp & Zonen CMP1D

+0.3%. The diagram on the right shows the traceability hiesarchy. SN: 141003, Sens: 9.59 uh)W/m?

Absolute Uncertainty
The absobute uncertainty is the combined result of three uncertainties namedy:
1) The expanded uncertainty during calibration of the reference instrument, given as +0.45%.
2] The uncertainty in the comection of directional errors (cosine emors), estimated by scentific judgament as 0.5%.

3) The expanded wncertainty of the trander procedure [calibration by comparison), estimated by scentific judgement as 2 1%,
The comibined expanded uncertainty is the root sum of the squares, resulting in DA% + 05° + 17) = £1.21%.

Calibration Environment, Results and Instrument Status
Tre calibration was performed at Bttwde -33.96509°, longitude 18.64085% and alftude 119 m AMSL and was conduded on OF March 2022 at 14:24. A
calibration was done using the measwred outpul of the test instrument, of which the calibration environment and results are stated below. The measurament
results Fecorded in this certificate were coect ab Me ime of caibration. The subsequent accuracy will depend on fadors such as care, handling and
frequency of use. The calibration certificate o Feport may not be reproducer except in full, withcut the witten apgroval of the laboratory.

Instrument Status Calibration Envirenment - Average [Range]
Bubble Level: Good Irradiation: 567 [566 - 559] W/im=
Dome: Good Ambient Temperature: 23.8 [23.2 - 24.2] =C

Reference Instrument Temp.: 23.8 [23.6 - 24.2] °C

Original Calibration Calibration Results
Original Sensitivity: 9,67 pv/Wim= New Sensitivity: 9.59237 pV/Wim?
Original Calib. Date: 05 Movember 2014 Sensitivity Standard Deviation (o, 0.00118 pV/W/im=

Calibration Uncertainty (k = 2): =0.1156 pVviwW/m= (+£1.21%)
Data Quantity © 4 Series, 16 Samples

it NV ST by
~7
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Delta-T Devices Ltd

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 - A1702
Date 22/04/2022
Authorised Signature A
Famue Patrick

We recommend that this instrument is recalibrated every 2 years.

Traceability

The SPN1 is calibrated under a uniform light source which simulates 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.

Ovaesll securacy” +5% daily mlagras
5% +10 W.m” hourly averages
+8% +10 W.m” indhvidual readings

Range 0 to >2000 W.m*
Anabgue oulpul sensitvity myv =t W

Delta-T Devices Ltd

130 Low Road, Burwell, Cambridge, CB25 0EJ, UK
Tel: +44 1638 742922 Fax: +44 1638 743155

email: sales@delta-1.co vk web: www.delts-t. co.uk




SPN1 Service and Recalibration Report

R8145

SPN1 Serial Number: A1702

Serviced by: Jamie Patrick

Date: 22/04/22

Inspection

Inspect and clean...
Dome

Seal

Shadow mask
Bezel

Diffusers
Connectors
Desiccant holder
Desiccant

Main o-ring seal

General condition and
observations

Recalibration

Calibration date :

Condition, observations, actions taken
Good,

Good,

Good.

Good.

Good,

Good.

Good.

Replaced desiccant capsule. Supplied spare.

Good.

Good. Normal wear and tear.

22/04/2022

Error before recalibration: 3.2%

SPN1-5R-01-02




Calibration Certificate

GeoSUN

Pyranometer IS0 9847 Calibration Certificate Number: GSACA-2619

Calibrated Instrument

Instrument: Pyranometer Calibration Date: 24 January 2023
Manufacturer: Hukseflux Serial Number: 3681
Model: SR20-T2 New Sensitivity: 11.40 pV/W/m=

IS0 9060:2018 Class: Class A

Calibration Methodology
GeoSUN performed an indoor calibration throwgh exposure of both the calibrated instrument (instrument under test) and a reference instrument to an artificial
kight &5 radiation source and comparing the sensor cutputs. The instruments wens instabad on a commaon horizontal base and regularly chedked to ensue that
it remained dean and evel for the duration of the relerance dala being colected. The calibration was performed in acoondance with the ISD 9847 [1992)
standard, procedure bype L.

Reference Instrument and its Traceability Abschute Pyrheliometer AHF-2ES60
The melerence instrumant is a Hukseflux SR20 myranometer (5N 13035). The instrument was WRR-Factor: 0.9992E3 (IPC-MIT 2015)
dalibrated on B March 2022 at ISO-CAL North America against absolute cavily radiometer - * <
AHF-2E560 which successfully partidipated abt TPC-XIT 2015 with the World Standard Group of
radiometers. The oation of IS0-CAL = at 20ih stresl, Phosndd, Arizona in the USA at Eiitude Reference Instrument Hukseflus: SR20
33.8176044%, longitude -112 03960E3° and althude 570 m AMSL. The meference instrument was SN: 13035, Sens: 15.42 pv/Wim?
calibrated at normal incidence wilth the sun and sky radiation &5 the source using e “altemaling ™ o
sun-and-shade method™. The readings are referenced bo the World Radiometric Reference (WRR) as p * .
stebed in the WMO Technical Regulations, onginally with an 51 relative uncertainty estimated at I ——
+0.3%. The diagram on the right shows tha tracaabilty hisrarchy. SM: 3681, Sens: 11.40 pV/W/ms

Absolute Uncertainty
The absolibe uncartainty is e combined rasult of e unoertainties namely:
1) The expanded uncertainty during calibration of the reference instrument, given a5 +0.45%.
2) The uncertainty in the correction of direcional errors (oosine erors), estimated by scentific judgement as +0,5%.

3) The expanded uncestzinty of Ehe transfer procadure (calibration by comparison), estimated by scientific judgement as +1%.
The: comibined expanded uncertainty & the root sum of the squares, resulling in V0452 = 0,52 = 17) = 21.21%,.

Calibration Environment, Results and Instrument Status
The calibration was performed at latibude -33.96509°, longitude 18.84085° and altitude 119 m AMSL and was concluded on 24 January 2023 atb 12:105. A
calibration was done wsing the measured output of the test instrument, of which the albration environment and resulls are stated below. The messurement
resuils reconded i this cerlificabe ware oomect at the time of calibration. The subsequent accuracy will depend on factors such a5 care, handling and
frequency of use. The clibration certificate or report may not be reproduced except in full, witheut the written approval of the laboratory.

Instrument Status Calibration Envircnment - Average [Range]
Bubble Level: Good Irradiation: 530 [530 - 531] Wim=
Dome: Abrasions prasent but fit for use Ambient Temperature: 24,6 [24.0 - 24.9] =C
Desiccant: Replaced Reference Instrument Temp.: 24,6 [23.9 - 25.0] °C
Original Calibration Calibration Results
Original Sensitivity: 11,11 pV/Wi/m= New Sensitivity: 1139676 pW/W/m®
Original Calib, Date: 02 April 2015 Sensitivity Standard Deviation {o,): 000223 pv/W/m=>

Calibration Uncertainty (k = 2): +0.1374 pv/W/m= (=1.21%)
Data (ruantity : 4 Series, 16 Samples

Calibrated by: « Authorised by:
. Terblanche — N M.L. de Jager %{/ . —
: / :ﬁ-i;
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Calibration Certificate

GeoSUN

Pyranometer IS0 9847 Calibration Certificate Number: GSACA-2620

Calibrated Instrument

Instrument: Pyranometer Calibration Date: 24 January 2023
Manufacturer: Hukseflux Serial Number: 3685
Model: SR20-T2 Mew Sensitivity: 12.33 pV/W/m=

IS0 9060:2018 Class: Class A

Calibration Methodology
GeoSUN performed an indoor calibration Bwough exposure of both the: calibrated instrument (instrument under Bsk) and a reference instrument to an artificial
ight &5 rediation source and comparing the sensor culputs. The instruments wene installed on a comman herizontal base and regularly checked to enswre that
it remained cdean and level for the duration of e reference data being collected. The calibration was performed in accondance with the IS0 9847 (1992)
standard, procedure bype Tic.

Reference Instrument and its Traceability Absciute Pyrheliomster AHF-2E560
The reference instrument is a Hukseflus SR20 pyranometer (SN 13035). The instrument was WRR-Factor: D.29992E3 (IPC-XIT 2015)
calibrated on B March 2022 at ISO-CAL North America against absolute cavily radiometes - 4 <
AHF-2ES60 which successiully participated at TPC-XIT 3015 with the World Standard Group of
radiometess. The Daation of IS0-CAL 5 at 20 street, Phosnid, Arizona in the USA at Eiiude Reference Iretrument Hukseflus SR
3381760447, longitude -112.03960E3% and altfude 570 m AMEL. The reference instrument was SH: 13035, Sens: 15.42 VW m2
calibrated ab normal incidence with the sun and sky radiation a5 the sownoe using the “altermating ™ -
cun-and-shade method”. The readings are referenced [0 he Workd Fadomsatnc Referente (WRER) as . “ .
stated in the WD Technical Regulations, ofginally with an 51 relative uncertainty estimated at e
#0.3%. The diagram on the sight shows the traceabilty hisrarchy. SM: 3685, Sens: 12.33 JV/W/mz

Absolute Uncertainty
The absolube uncertainty is e combined result of three uncertainties namely:
1) The expanded uncertainty during calibration of the reference instrument, given as +0.45%.
2) The uncertainty in the comedion of directional ermors {oosing emors), estimated by scenbific judgement as +0.5%.

3) The expanded uncertsinty of the transler procadure [caiibration by compartson), estimated by scientific judgement a5 +1%.
The combined expanded uncertainty is the rook sum of e squares, resuliing in Y{0.95% = 0.52 + 1) = £1.21%.

Calibration Environment, Results and Instrument Status
The calibration was periormed at latibude -33 965097, longitude 18.84085% and altibude 119 m AMSL and was concluded on 24 January 2023 ab 142102, A
calibration was done wsing the measured oulput of the best instrument, of which the calbration environment and results ane stated below. The measurement
results recorded i this certificate were correct at the time of calibration. The subsequent accuracy will depend on Factors such &s care, handling and
frequency of use. The calibration certificate of report may not be reproduced except in full, withcaut the writien approval of the laboratory.

Instrument Status Calibration Environment - Average [Range]
Bubble Level: Good Irradiation: 529 [528& - 531] Wim*
Dome: Abrasions present but fit for use Ambient Temperature: 24,0 [22.3 - 24,5] °C
Desiccant: Replaced Reference Instrument Temp.: 24,1 [22.2 - 24.6] °C
Original Calibration Calibration Results
Criginal Sensitivity: 12,13 pV/W/m= New Sensitivity: 12.33193 pV/W/m=
Original Calib, Date: 03 April 2015 Sensitivity Standard Deviation (i, ,): 000497 pv/Wim=

Calibration Uncertainty (k = 2):  +0,1486 pv/W/m* (£1.21%)
Data Cruantity = 4 Series, 16 Samples

Calibated by: " Authorised byz
1. Terblanche -—_ . M.L. de Jager M "
c . )‘}'1"
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Calibration Certificate

GeoSUN

Pyrheliometer IS0 9059 Calibration Ceriificate Number: GSACH-0165
Calibrated Instrument
Instrument: Pyrheliomster Calibration Date: 25 January 2023
Manufacturer: Huksaflux Serial Number: 8362
Model: DRO1 New Sensitivity: 9.84 pV/W/m2

IS0 9060:2018 Class: Class B

Calibration Methodology
GaoSUN performed an outdodr calibration throwgh exposune of both the calbrated instrument [instrment undes test) and a referemnde instrumeant with the sun
and sky radiation & the source and comparing the sensor outputs. The instrsments were installed on & commen solar tracker and regulasly checked o ensure
that it remained dean and aligned for the duration of the reference data being collected. The calibration was performed in accordancoe with the IS0 9059
{1990} standard.

Reference Instrument and its Traceability Absoiuts Pyrheliometes AHF-2B560
The reference instrument i a Kipp & Tonen CHPL pyrheliometer (SN 100369). The instrument was WRR-Factor: 0.99983 (IPC-XII 2015)
Glmmmlimﬂmllﬁlmmmaﬁﬂmmwmwl *
AHF-2B560 which swocessfully participated ab IPC-XIT 2015 with the World Standard Groug of . -
radiometers. The Daation of IS0-CAL & at 20th strest, Phoenid, Arizona in the USA at i Refarence Instrument Kipp & Zonen CHPL
33.8176944°, ongibude -112.05396043° and altibude 570 m AMSL. The reference nstrument was SN: 100389, Sens: 8.04 Jv/W/m?
calibeated at normal incidence with the sun and sky radiabion as the source using the “alternating - 1
sun-and-shade method™. The readings are referenced o the World Radiometric Reference (WRR) as
stabad i the WHMOD Tedhnical Reguiations, originally with an 51 melative uncenzanty estimabed at Calibrabed Instrument Hukseflux DROL
t0.3%. The diagram on the right shows the traceability hierandhy. SN: B362, Sens: 9.84 v/ W/m=

Absolute Uncertainty
The abscdute uncertainty is the comibined result of two uncertainties namely:
1) The expanded uncertainty during calbration of the referenca instrument, given as +0.43%.
2) The expanded uncertainty of the trandfer procadure (calibration by comparison), estimated by sdentific judgement as 0.5%.
The comibined expanded wncertainty & the root sum of the sguares, resulling in (0432 + 0.5%) = 20.66%.

Calibration Environment, Results and Instrument Status
The aliration was performed at latitude -33.96509°, ongitude 18.84085% and altitude 119 m AMEL and was conduded on 25 Janwary 2023 at 14:40. A
calibration was done using the measwured outpul of the test instrument, of which the calibration environment and results are stated below. The measurement
results recorded in this certificate were correct al the time of calibration. The subsequent accuracy will depend on Tactors such as e, handling and
frequency of use, The calibration cestificate or repont may nol be reproduced excegt in Tull, withoul the wiitlen apgroval of the laboratory.

Instrument Status Calibration Environment — Average [Rangs]
Window: Good Irradiation: 1025 [979 - 1045] W/m=
Desiccant: Replaced Ambient Temperature: 24.4 [21.5 - 26.1] °C
Desiccant Cartridge: Good Solar Elevation: 66.2 [45.4 - 75.0] @

Linke Turbidity Facor: 1.2 [0.8- 2.1]
Wind Speed: 1.6 [0.0-6.2] m/s

Original Calibration Calibration Results
(riginal Sensitivity: 9.66 pVi'W/m? Mew Sensitivity: 9.54424 LV/W/m=
Original Calib. Date: 25 February 2015 Sensitivity Standard Deviation [l::nnﬁ: 0.01487 pViW/im=

Calibration Uncertainty (k = 2): 20,1179 pViW/m* (£1.20%)
Diata Quantity (Recorded Owver 1 Day): 22 Series, 462 Samples

Calibrated by: y @zﬁ,@é& Authorised by:
W.C. Engelbracht fs’}%f M.L. de Jager WWM
i
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