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EKO Instruments Co,, Ltd. (EKO) calibration laboratory is accredited and certified by PJLA (Ref:
#74158) to perform pyranometer and pyrheliometer calibrations per the requirements of ISO/IEC
17025:2017, which are relevant to calibration and testing.

EKO offers a manufacturer calibration service for pyranometers and pyrheliometers in-house.
Based on the applied calibration methods, EKO exhibits the highest level of technical and
managerial expertise for solar sensor calibrations compliant to the international standards defined
by ISO/IEC 17025:2017 for ISO9847 (Indoor method) and 1ISO9059 (Outdoor method), as defined
by the scope of calibrations Appendix 1.

ISO/IEC 17025:2017 provides a globally accepted basis for laboratory accreditation that specifies
the most stringent management and technical requirements. With calibrations performed at the
EKO Instruments laboratory, we enable our customers to:

1 Clearly identify the applied calibration methods and precision.

1 Be traceable to the World Radiation Reference (WRR) through defined industrial standards:
0 1S09846 Calibration of a pyranometer using a pyrheliometer
0 1S09847 Calibration of field pyranometer by comparison to a reference
pyranometer
o 1S09059 Calibration of field pyrheliometers by comparison to a reference
pyrheliometer

1 Obtain repeatable and reliable calibration test results through consistent operations yearly
examined independently to assure strict compliance to the requirements.

Customers will obtain the highest level of confidence when purchasing an ISO/IEC 17025:2017

calibrated sensor. EKO's accredited laboratory is regularly re-examined to ensure that they
maintain their standards of technical expertise.
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CALIBRATION

Calibration is the process of comparing the output signal of a sensor with the standard value in a defined
calibration environment. Calibration is necessary to establish the correct value, and proper accuracy, of
a sensor.

For pyranometers or pyrheliometers, we aim to determine the correlation between the detector response
(e.g., V) and irradiance (W/m?), known as sensitivity (UV/ (W/m?)).

The following section provides a summary of the calibration methods and definitions of terms used.
Calibration Traceability

According to the traceability flow chart below, EKO pyranometers and pyrheliometers are calibrated and
traceable to the 'World Radiometric Reference' (WRR).

Traceable Flow Chart

World Radiometric Reference
(WRR, Absolute Cavity Radiometers)

International Pyrheliometer Comparisons
oncel/every 5 years (Davos, Switzerland)

Reference Pyrheliometer
(Absolute Cavity Radiometer PMO6)

| l

Reference Reference
Pyrheliometer Pyranometer
Baseon on ISO9059 Baseon on 1SO9846 Shading Method
Calibration by comparison outdoors, Calibration by comparison outdoors,
oncelyear at EKO internally oncelyear at EKO internally
Pyrheliometer product Pyranometer product
Baseon on 1SO9059 Based on 1SO9847 type llc Method
Calibration by comparison outdoors. Calibration by comparison indoors
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Reference Sensor Units

Reference sensor units used for calibration:

1 Absolute Cavity Radiometer PMOG®: This unit belongs to EKO and is traceable to the WRR
maintained at the World Radiation Centre (WRC) in Davos, Switzerland. The PMO6 is
categorised under ISO 9060:2018 as a Class AA pyrheliometer.

1 Every 5 years, the PMOG6 is calibrated against the WRR during the International Pyrheliometer
Comparison (IPC) to maintain its reference status. The WRR is based on a cluster of 6 models of
Absolute Cavity Radiometers, referred to as the World Standard Group (WSG).

1 EKO's MS-57 reference Pyrheliometers are calibrated directly against the EKO PMOG6,
according to the standard method defined by 'ISO 9059:1990, Solar energy -- Calibration of
field pyrheliometers by comparison to a reference pyrheliometer'. These reference
pyrheliometers are calibrated once per year.

1 Pyrheliometer products are calibrated according to the standard method defined by 'ISO
9059:1990 Solar energy -- Calibration of field pyrheliometers by comparison to a reference
pyrheliometer'. This involves comparing the sensor against a reference Pyrheliometer, using
measurements taken outdoors simultaneously.

1 Reference Pyranometer units are established for each product model and calibrated according
to the standard method defined by 'ISO 9846:1993 Solar energy -- Calibration of a
pyranometer using a pyrheliometer'. These sensors are compared against the PMOBG, using
measurements taken outdoors simultaneously. Reference pyranometers are calibrated once
per year.

1 Pyranometer products are calibrated according to the standard method defined by 'ISO

9847:1992 Solar energy -- Calibration of field pyranometers by comparison to a reference
pyranometer', with measurements taken indoors.
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Calibration Procedures
Reference Pyrheliometer Unit

An EKO MS-57 Pyrheliometer is used as a reference for outdoor calibrations of pyrheliometers.

This unit is itself calibrated through outdoor measurements and compared against the Absolute Cavity
Radiometer PMOBG; per the calibration method defined by 'ISO 9059:1990 Solar energy -- Calibration of
field pyrheliometers by comparison to a reference pyrheliometer, and 'Pyrheliometer Calibration’,
Chapter 7, Section 7.2.1.4 in the 'Guide to Instruments and Methods of Observation 2018’ published by
the World Meteorological Organisation (WMO).

Calibration Procedure

a) The PMO6 and MS-57 reference Pyrheliometer units are mounted on an STR-22G Sun Tracker
and aligned normally with the sun.

b) (PMO6) Measurement interval: 90 sec. (Dark phase: 45sec. including stabilizing time 5sec. /
Open phase: 45sec. including stabilizing time 5sec.)

c) (Reference Pyrheliometers) Sampling Interval: 1sec. (averaging time: 5sec.)

d) Number of data points: 40 stable measurement data points or more.

e) The measurement values obtained by the PMO6 (W/m?) and the Reference pyrheliometers
(output signal: pV 7/ sensor temperature: °C) are logged with precise time stamps. The

reference pyrheliometers' output signal is temperature corrected based on the measured
sensor temperature and known temperature characteristics.

f) The reference Pyrheliometer units' calibration figures are calculated from the measurement
values of the PMO6 according to the measurement data criteria.

g) Environmental conditions are applied as defined in appendix 4.
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Measurement Data Criteria

1. Standard deviation: Apply data less than 0.5% at 20 normal distribution
2. Measurement time: Apply data taken over 4 hours, centred at the culmination time

3. Solar irradiance conditions: Apply measurement data exceeding 700W/m?

Calculation of Sensitivity Value

a) Acquire the signal output V (uV) produced by the reference pyrheliometer at the same time as
the PMO®6 irradiance, and apply temperature correction 'Tcoeff' (%, Relative ratio against the
output at 20°C) to each signal output.

b) The sensitivity value of reference pyrheliometer S (UV/W/m?) is obtained by dividing each

signal output V (uV) by the solar irradiance EZCavity (W/m?), measured simultaneously by the
PMOG6 and calculating the average value.
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Calibrating a Field Pyrheliometer

Field pyrheliometers are calibrated by comparison against the reference pyrheliometer outdoors,
according to the 'ISO 9059:1990 Solar energy -- Calibration of field pyrheliometers by comparison to a
reference pyrheliometer' and 'Calibration of Pyrheliometers' as stated under Chapter 7, Section 7.2.1.4
on the 'Guide to Meteorological Instruments and Methods of Observation 2008' issued by the WMO.

Calibration Procedure

a) The reference pyrheliometer unit and the field pyrheliometer are mounted on the STR-22G Sun
Tracker and aligned directly with the sun.

b) Sampling Interval: 200msec. (averaging time 15sec.)
c) Number of data points: 400 stable measurement data points or more.

d) The field pyrheliometer and the reference pyrheliometer unit's measurement values are
corrected based on the temperature characteristics of the detector.

e) The voltage output (uV) of the field pyrheliometer is averaged and matched with the data points
(>400) of the reference Pyrheliometer (uV, Vavg). To obtain the sensitivity figure S (UV/W/m?) is
multiplied by the temperature coefficient (Tcoeff) and divided by the direct solar irradiance

(W/m2, E ref) measured by the reference pyrheliometer.
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Reference Pyranometer Unit

EKO pyranometer models MS-80, MS-802, MS-60 and MS-40 are used as a reference for the indoor
calibration of pyranometers per '1SO 9846:1993 Solar Energy - Calibration of a pyranometer using a
pyrheliometer' and the method defined in 'Alternate calibration using a pyrheliometer ("A new method
for calibrating reference and field pyranometers" (Forgan, 1996)', Chapter 7, Section 3.1.3 of the 'Guide
to Instruments and Methods of Observation 2018’ published by the World Meteorological Organisation

(WMO).

Calibration Procedure

a) The PMO®6 and 2 reference pyranometer units of the same model are mounted on the STR-22G
Sun Tracker and aligned to face direct sunlight.

b) One reference pyranometer is shaded by a shading disk, or ball, attached to the Sun Tracker's
arm to measure diffuse normal solar irradiance, while the other reference pyranometer remains
unshaded to measure global normal solar irradiance. Each reference pyranometer alternates
between being shaded and un-shaded near and at the solar noon.

c) (PMOG6) Measurement interval: every 90 sec. (Dark phase: 45sec including stabilizing time 5sec /

d) 5
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