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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for i Irther maintenance are
descrfbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian¢eded for the
differjent types of ISO documents should be noted. This document was drafted in aceordgqnce with the

Attenfion is drawn to the possibility that some of the elements of this document'may be the subject of
patenft rights. ISO shall not be held responsible for identifying any or all sueh patent rights. Details of
any pptent rights identified during the development of the document will be'in the Introdyction and/or
on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users pnd does not
constjtute an endorsement.

For explanation of the voluntary nature of standards)the meaning of ISO specific terms and
expregssions related to conformity assessment, as wellvas information about ISO’s gdherence to
the World Trade Organization (WTO) principles jm~the Technical Barriers to Tradg (TBT), see
wwwiliso.org/iso/foreword.html.

This glocument was prepared by Technical Committee ISO/TC 180, Solar energy, Subconymittee SC 1,
Climafe - Measurement and data.

This $econd edition cancels and replaces.the first edition (ISO 9847:1992) which has been technically
revised.

The mpain changes are as follows:
— focus on current calibration practices;
afapted recommendations for mathematical treatment of data;

Haptation of thie terminology to the revised ISO 9060:2018 and 1SO Guide 9911;

|
s8]

I
[<5)

ided contments on uncertainty evaluation of the calibration with reference to ASTM G213[2] and
$0/IECGuide 98-3;

]

—n

IIlClUSiOIl of reference to non-spectrally-flat pyranometers, that are now also included|in ISO 9060.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Pyranometers are instruments used to measure the irradiance (power per unit area) received from the
sun for many purposes.

In recent years the application of hemispherical solar radiation measurement, using pyranometers,
has risen sharply. The main application of pyranometers now is no longer scientific research, but
assessment of the performance of solar power plants.
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Solar energy — Calibration of pyranometers by
comparison to a reference pyranometer

1 S
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This document specifies two preferred methods for the calibration of pyranometers using reference

pyrap ometers; indoor (Typo A) and outdoor (T'ypn R)
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r or type A calibration, is performed against a lamp source, while the outdoor methg
al solar radiation as the source.

r calibration is performed either at normal incidence (type A1), the receiversurface p
beam of the lamp or under exposure to a uniform diffuse lamp source 4sing an integi
A2).

or calibration is performed using the sun as a source, with the pyranometer in
on (type B1), in a tilted position (type B2), or at normal incidence (type B3).

ations according to the specified methods will be traceablé to SI, through the world
nce (WRR), provided that traceable reference instrunients are used.

locument is applicable to most types of pyranometéps regardless of the type technolo
nethods have been validated for pyranometers that comply with the requirements

C of ISO 9060. In general, all pyranometers;niay be calibrated by using the descrih
Hed that a proper uncertainty evaluation is\performed.

e spectrally flat pyranometers, non-spectrally flat pyranometers might have a spect
aries strongly with the wavelength even within the spectral range from 300 to 1
fore the calibration result may possibly be valid under a more limited range of condit]

d B, employs

erpendicular
"ating sphere

a horizontal

radiometric

by employed.
for classes A,
ed methods,

ral response
500 nm, and
ions.

bsult of a calibration is an instrument sensitivity accompanied by an uncertainty. This document

suggestions for uncertainty evaluation in the annexes.

ormative referénces

bllowing doeuments are referred to in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

D605.Solar energy — Specification and classification of instruments for measuring hemis

and d

their content
applies. For
ents) applies.

bherical solar

rect solar radiation

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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3.1

pyranometer
radiometer designed for measuring the irradiance on a plane receiver surface which results from the
radiant fluxes incident from the hemisphere above within the wavelength range 0,3 pm to 3 um.

[SOURCE: ISO 9060:2018, 3.5, modified — Tolerances have been changed and the Note 1 to entry was

deleted.]
3.2

hemispherical solar radiation
solar radiation received by a plane surface from a solid angle of 21 sr

[SOURCE: IS
3.3

D 9060:2018, 3.1, modified — Note 1 to entry was deleted.]

global horiZontal solar irradiance

GHI
G
hemispheric

[SOURCE: IS
entry was de

3.4
sensitivity
quotient of tl
of a quantity|

Note 1 to entr]

3.5
calibration
determinatid
associated m

Note 1 to entr
is expressed 4

Note 2 to entr]

3.6

reference p)
pyranometer
pyranometetl

3.7
test pyrano

h] solar radiation received by a horizontal plane surface

D 9060:2018, 3.2, modified — Symbol G and abbreviation GHI were added and Not
leted.]

ne change in an indication of a measuring system and the corresponding change in a
being measured

y: See Reference [1].

bf a pyranometer
n of the relationship between the pyranometer (3.1) output and the irradiance,
easurement uncertainties, under well-defined operating conditions

y: For most pyranometers, the.ottput varies linearly with the irradiance and the calibration
s a single sensitivity.

y: See References [1] and)[4].

'ranometer
(3.1) used,@as reference standard, i.e. an instrument used for calibration of
s in a given‘organization

meter

e 1 to

value

with

result

other

pyranometer

Lo 1 . 11 1
(2.1) DIy CdIIDTdied

Note 1 to entry: Called field pyranometer in the previous version of this document.

3.8

calibration conditions
conditions, ambient- or instrument, during the calibration process

39

reference-operating condition
operating condition prescribed for evaluating the performance of a measuring instrument or measuring
system or for comparison of measurement results

Note 1 to entry: For practical purposes these typically are the conditions specified for the reported sensitivity.

© IS0 2023 - All rights reserved
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Note 2 to entry: For measurement results, see Reference [1].

3.10

world radiometric reference

WRR

measurement standard representing the SI unit of irradiance with an uncertainty of less than 0,3 %

Note 1 to entry: The reference was adopted by the World Meteorological Organization (WMO) and has been in
effect since 1 July 1980. The WRR is maintained by the WMO World Radiation Centre at Davos. The distinguishing
feature of traceability to WRR is that reference-operating conditions include the spectrum of natural direct solar
radiation.

3.11
samplle
data 3cquired from a sensor or measuring device

Note 1 to entry: See Reference [5].

3.12
sampling interval
time between samples (3.11)

Note 1 to entry: See Reference [5].

3.13
record
data fecorded and stored in data log, based on acquired samples (3.11)

Note 1 to entry: See Reference [5].

3.14
data peries
set offselected records (3.13)

3.15
corrgction
value|added algebraically to thetuncorrected result of a measurement to compensate fqr systematic
error

[SOURCE: ISO Guide 98-3:2008, B.2.23]

Note 1 to entry: The gorrection for offsets is equal to the negative of the estimated systematic efror. Since the
systerhatic error carihot be known perfectly, the compensation cannot be complete.

3.16
corrdction factor
numefricdl factor by which the uncorrected result of a measurement is multiplied to copensate for
systemnatic error lln

Note 1 to entry: Since the systematic error cannot be known perfectly, the compensation cannot be complete.
[SOURCE: ISO Guide 98-3:2008, B.2.24]

3.17

solar tracker

mechanical device capable of rotation around 2 axes, e.g. zenith and azimuth, following the path of the
sun

3.18

integrating sphere

sphere or hemisphere, equipped with one or more lamps, internally coated with a spectrally flat white
paint providing uniform illumination

©1S0 2023 - All rights reserved 3
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3.19
tilt angle

angle between the horizontal plane and the plane of the pyranometer (3.1) sensor surface

3.20

angle of incidence
angle of radiation relative to the sensor measured from normal incidence (varies from 0° to 90°)

3.21

zenith angle
angle of incidence (3.20) of radiation, relative to zenith (angle between the earth’s surface normal and

the line to th

sun)

Note 1 to entr]

3.22

solar azimu
angle betwe
horizontal pl

Note 1 to entr
the northern

-180° to +180
use northasr

4 Pyrang

4.1 Gener

y: [t equals the angle of incidence (3.20) for horizontally mounted instruments.

th angle
en a reference direction (north or south) and the projection of beafyradiation @
ane

y: Duffie and Beckmanlé! define the reference direction (zero solar azifuth angle) as south fg
and southern hemisphere. In the Duffie and Beckman definition-the’azimuth angle range

°, where angles east of south are negative and west of south positive. Other references and 1
pference direction.

meter calibration

al

Calibration of a pyranometer involves a test to determiine the relationship between pyranometer o

and irradian
under well-d
[SO 9846[4],
against a re
reference ing

ce. The result is usually expressed\as a single sensitivity, with associated uncert
efined operating conditions. Pyranometer calibration may be carried out accord
outdoors against a pyrheliometer, or according to this document, indoors or out
ference pyranometer. Both documents describe how to transfer the sensitivity
trument to the test instrument.

The recommfended calibration interval for pyranometers differs from one manufacturer to the

IEC 61724-1l
to manufact
recommendd
irradiance

uncertainty
with pyrano

q

bl recommends instiiment recalibration once every 2 years or more frequently accd
irer recommendations for Class A monitoring systems, and according to manufac
tions for Class B systems. For Class A monitoring systems for global horizontal
nd plane «of array irradiance measurement, this document requires a calib
bf less oréequal than 2 %. Under typical but not all conditions, this uncertainty is atta
metersthaving calibration uncertainties in the order of 1,5 % or better[3l.

n the

r both
from
hodels

utput
ainty,
ng to
doors
f the

other.
rding
turer
solar
ration
nable

4.2 Pyranometer sensitivity, measurement equation, measurand |

The relationship between pyranometer sensitivity, output and irradiance or measurement equation for
thermal pyranometers is given by Formula (1):

S=V/G

where

S
G
|4

is the sensitivity in output units/(W/m?2);
is the global horizontal solar irradiance in W/m?;

is the pyranometer output in arbitrary units.

€y

© IS0 2023 - All rights reserved
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Calibration of pyranometers essentially consists of a measurement at or traceable to an irradiance level
in the middle or close to the upper end of the measurement range.

Clear sky conditions are the most common calibration reference condition for calibration, so that during
calibration the measurand formally is global horizontal solar irradiance under a clear sky.

NOTE Calibration reference conditions can differ from the operation conditions in several ways, not only
spectrally, but can also differ in terms of e.g. temperature, wind, solar position, atmospheric conditions (cloud
cover, aerosols) and instrument tilt. Even the measurand can change (calibrated for global irradiance, used
for diffuse or reflected irradiance measurements). If the calibration reference conditions and the operating
conditions are different the user considers this for the uncertainty evaluation of the measurements and considers
proper corrections.

Whilg traditional pyranometers had analogue millivolt output signals, many moderu ‘pyranometers
have (different, for example digital or current-loop, outputs. These are often starndardised outputs.
The dalibration process of these instruments typically includes adjustment by pregramming a new
sensitivity into the firmware, so that the sensitivity after calibration as pereeived by the user is
alwayfs the same; for example, 1 (W/m2)/(W/m?2) for digital instruments or@ W/m? = 4 mA, 1 600 W/
m?2 =[20 mA for a pyranometer with a current-loop output. For these instruments the measurement
Formupla (1) is adapted accordingly.

The dalibration of instruments with standardised outputs is nevertheless expressed jn V/(W/m?)
becayse this gives a clear indication of the correction applied fromone calibration to the next, and of the
stabiliity of the sensor. For instruments with such internal sigfial‘conversion, the voltage measurement
usually is not separately calibrated. In such cases the V/(W/m2) shall be interpreted as J/(W/m?) “as
measfired by the on-board analogue to digital conversion™

In ex¢geptional cases laboratories and users may choose to use alternative measurement equations.
They may use a correction factor acting on in S, for-&xample accounting for temperature d¢pendence.

ISO 9060 defines the measurement error "zero offset A". Corrections for zero offset A fan be made
durinig outdoor calibration. It may lead a_higher accuracy of the calibration. However, care should be
taken| to ensure that the same correctigh‘technique used in calibration is then used fol subsequent
measfirements. The zero offset A is not constant. It depends on the environmental conditionf for example
on clqud condition, sky temperature, wind speed (ventilator application), and thermal coupling of the
instrgment to its mounting. Applying such corrections may lead to a lower measurement gccuracy.

Wher] applying corrections for-offsets, the measurement Formula (1) then gets the form offFormula (2):

=(V-"Vp)/G (2)

%)

wher¢

S isthe sensitivity in output units/(W/m2);

G is the irradiance in W/m?;

% is the pyranometer output in arbitrary units;
Vy,  isan offset on the output in arbitrary units.

Working with instruments calibrated with a correction for offsets according to Formula (2), users shall
also adapt their measurement equation from Formulae (1) and (2).

Additional corrections for example for temperature dependence, and outdoor solar- or indoor lamp
spectrum can also be implemented.

Annex C contains informative comment on what to do with calibration results; how to introduce a new
pyranometer sensitivity.

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=47e35ad5b9d3a76a70921fc706e7fdf2

ISO 9847:2023(E)

4.3 Indoo

r and outdoor calibration compared

Under this document, there are two options for pyranometer calibration: indoors, in the laboratory
using lamps as a source and outdoors under the Sun. There are the following fundamental differences:

test instrument.

An indoor calibration is only the transfer of the outdoor calibration of the reference instrument to a

Indoor calibration is done by comparison of the test pyranometer to a reference pyranometer of the

same model, and thus of the same class. Initial (i.e. before making optional corrections) reference-
operating conditions, the condition for which the calibration of the test instrument is valid, are the

conditio

ns reported as valid for the calibration of the reference pyranometer.

Outdoor
where th

e reference pyranometer is not necessarily of the same model, typically of a higher or

class. Initial reference operating conditions are the outdoor conditions during this calibratior

For bot}
calibrati
traceabl

In all cases c
calibration c

Calibration

conditions, s
operating co
overcast sky

The uncerta
as long as t}
identified cn

pn report, be adapted to other conditions than those to which the(calibration is in
b, This then leads to an adapted sensitivity and reduces the calibrdtion accuracy.

brrections shall also be accounted for in the calibration unceptainty and be reported
prtificate.

aboratories may report multiple sensitivities valid\for different reference-ope
b that users may work with a sensitivity valid for conditions as close as possible to :
hditions (e.g. sensitivities for a non-spectrally flat pyranometer operating under cleg
conditions).

nty evaluation for one instrument may beused for other instruments of the same 1
e conditions of testing remain the same and the method for evaluation is verifie

the test or

itical influencing factors are under control). Some laboratories use statistical d
ultiple tests as input to the uncerfainty evaluation. In that case calibration of the

pyranometer model may have a variable uncértainty.

For outdoor |calibration, the conditionswef testing (temperature, angle of incidence/airmass) u

vary betwe

one calibration and the.next and the uncertainty of the calibration result (sensift

will typically vary. For indoor calibration the conditions of testing can be kept within certain K
limits and the contribution to the‘uncertainty can be constant.

4.4 Methgd

The method;
requirement
complying w]

)d validation

describ€d‘in this document have been validated for pyranometers that comply wi

ith.class C.

calibration is done by comparison of the test pyranometer to the reference pyranOIIneter,

equal
.

| indoor and outdoor calibration, the reference-operating condition§»may later, in the

itially

n the

rating
ctual
r and

model
1 (the
hta of
same

sually
ivity)
nown

th the

5 for classes Spectrally Flat A, B and C of ISO 9060 and silicon photodiode pyranonpeters

For new inst

£ 3 H N 1z g3 4 4 H 13a] £l
UuIlcIit ucolsua, lJUDDlIle \AAYA Y 1\1115 dlCUI uuls LU TITVV T1TITasSuUur Ciiitclit Pl lllLlPlCD, CIIC 111

thods

may equally be applicable, but this shall be proven by testing for the individual instrument design.

4.5 Calibration uncertainty

Laboratories shall perform an uncertainty evaluation of all their calibrations and supply this
evaluation with the calibration in summary. Uncertainty evaluations shall be made according to
ISO/IEC Guide 98-3, and express uncertainties as expanded measurement uncertainties with a coverage
factor of 2 (confidence level typically representing approximately 95 % of the data points, and two
standard deviations).

The calibrati

on uncertainty for indoor calibration depends on

calibration method,

© IS0 2023 - All rights re

served


https://standardsiso.com/api/?name=47e35ad5b9d3a76a70921fc706e7fdf2

— D

— u

ISO 9847:2023(E)

yranometer type, and

ncertainty of the sensitivity of the reference pyranometer.

The uncertainty of indoor calibration may be based on a limited set of tests involving the pyranometer
type and the method, and calculations according to ISO/IEC Guide 98-3. It may then be treated as a

const

ant percentage of the sensitivity.

The uncertainty of outdoor calibrations depends on above factors and also on

— solar angle of incidence,

a

1 4 £ 4 rS <
lmDLl UIrIcCIIc LCIII}JCI dlury, diiu

fmospheric stability.

The Yncertainty of outdoor calibration may not be based on a limited set, 0f tests i

pyrar
analy]

will n

NOTE
from

often
methd
used,
areas
calibr
for IS
methd
a pyrhH
refere
availa

For sj
uncer
the cd
The c
the g
undet
corre

NOTE
sky cd

ometer type. Because of the variability of the environmental factors, ®he uncerta

ot be the same from one calibration to the other.

Pyranometer calibration uncertainties are relatively large, while the expected ins|
bne calibration to the next is typically small compared to the uficertainty of calibration.
more probable that perceived sensitivity changes are caused dy) differences associated w
ds (even for application of the same method between different laboratories) or reference
father than by the non-stability of the calibrated pyranometer. This situation is exceptional,

hte with an uncertainty lower than the 1 % (expandedck = 2) that is attainable with pyran
d are in the order of 0,5 % when performed with‘Care, where the uncertainty using the cal
hce pyranometer sensitivity and the WRR.scale, these lead to calibration uncertainties of|

ble Class A instruments in the order of 1,5 %. See Annex F and References [17] to [19] for exa

tainty is high compared to spectrally flat pyranometers. This shall be considered w
libration duration, the number of days used, and the conditions observed during th
oser the calibration conditions match the conditions during the operation of the test
wer the measurement‘uncertainty in the application. For example, an instrume

Ction will have its'ewn uncertainty.

nditions under overcast sky condition may lead to a 8 % or more overestimation of the solar

5 l\lleasuring equipment

5.1

sed separately for every individual calibration. Typically, calibration conditions and

of metrology, the uncertainty of calibration is not a limiting factor; in these other areas it
9846 and for the procedures described in this document the uncertainties contributed by t

eliometer is lower than that with a pyranometer. Combined with other uncertainties such §

pectrally non-flat pyranometers-the influence of the calibration conditions on the 1

a clear sky may be-used under overcasts skies, using a correction applied on the ser

Using thé)sensitivity of a silicon photodiode pyranometers obtained from a calibratid

nvolving the
inty shall be
uncertainty

trument drift
t is therefore
th calibration
pyranometers
In most other
is possible to
bmeters. Both
he calibration
ibration using
Is those of the
commercially
mples.

neasurement
hen selecting
b calibration.
byranometer
ht calibrated
sitivity. This

n under clear
radiation(Zl.

Data acquisition and recording

Traditionally pyranometers were passive instruments with an analogue output in the millivolt range.
Nowadays pyranometers may also have other outputs such as an amplified voltage, a current loop or a
digital signal. Laboratories should select the data acquisition based on their own requirements. When
using pyranometers with an analogue (as opposed to digital) output, the measurement specifications
of the data acquisition system are an important factor influencing the calibration accuracy. Their
contribution to the uncertainty should be no more than 0,1 %.
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5.2 Instrument platforms

A platform for mounting instruments is required for all horizontal, B1 type, and tilted, B2 type,
calibrations. In case it is tilted, it shall be able to be tilted over a suitable range of angles from the
horizontal with an uncertainty of less than 0,5°.

Pyranometers have to be accurately aligned; the deviation between the tilt angle of the reference
pyranometer and that of the test pyranometer shall be not more than 0,2°. An alignment error of more

than 0,1° may have an impact on the calibration result, depending on solar zenith angle.

5.3 Pyranometers

Pyranometers shall be in clean and in good condition.

The test pyrgnometer should not show signs of degradation; check that the colour of the black abs

paint or whi
There should

The pyranor]
observation,

The referenc
the colour of
are absent th
also condens

6 Indoorn

6.1 Introg
Indoor caliby

Indoor trans
condition tha

e diffuser has not changed by comparing to a reference pyranometer of.the same
not be signs of corrosion on the connector pins.

heter bubble levels should be high-quality and stable. Typically, this._is verified by
and possibly by mounting on a level plate.

e and test pyranometers shall be internally dry. This is verified, for example by looK
the humidity indicator or the output of internal humidity. sensors. If humidity indi
is may be verified by looking for any signs of condensation inside the dome. Humidit
e in the dome during outdoor measurement.

calibration (Type A)

Juctory remarks on indoor calibration
ation is carried out in a controlled laboratory environment using a lamp as a source.

fer of the sensitivity of a calibrated reference pyranometer may only be carried und
1t the calibration reference pyranometer is of the same model as the test pyranomete

calibration may then be carried out using a lamp as a source which has a different emission spe

than that of

1000 W/m?2).

The referenc

Since the tes
same way w|
calibration (
effects will ¢

the sun, and at a relativély low irradiance level (typically in the range of 300 W/

e pyranometer-will typically be calibrated outdoors according to ISO 9846[4.

t and reference pyranometer are of the same model, both instruments will respond
hen irradiance level, tilt error and spectrum deviate from the conditions during oy
.e. thelinearity and spectral response of both instruments are identical, therefore
nneel ). This way, the newly calibrated test instrument will obtain a sensitivity that is

orber
type.

risual

ing at
fators
y may

er the
r. The
Ctrum
m?2 to

in the
tdoor
these
valid

under the sa

me outdoor reference conditions of irradiance, tilt and spectrum under which the refe

rence

pyranometer was calibrated. The additional step of the indoor transfer calibration only leads to a small
increase of the calibration uncertainty, it does not change the reference conditions of the calibration.

For example, in case the reference pyranometer has been calibrated under clear sky conditions (the
radiation spectrum is not specifically defined) over a range of 500 W/m?2 to 1 000 W/m?, the sensitivity
of the newly calibrated pyranometer will also be valid for an irradiance range of 500 W/m2 to 1 000 W/
m? and for the clear sky conditions.

6.2 Reference pyranometers for indoor calibration

The reference pyranometer for indoor calibration (type A) shall be of the same model as the test
pyranometer. The same model is understood as having the same optics and thermal and detector
design, but not necessarily as having the same model name.
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6.3 Indoor calibration systems

6.3.1 System with a direct beam source (type A1)

Type A1l calibration requires a lamp source, possibly combined with optical apertures and lenses
creating a stable and spatially uniform beam on one or more pyranometers. The system has positioners
or a translating- or rotating mechanism to accurately exchange instrument positions or exchange
instruments at one single position. The system has an optical shutter so that unshaded (light)
and shaded (dark) records can be taken. The apparatus is placed in a dark room or contains a dark
measurement compartment to mitigate the influence of the environment.

AnnegAgivesexamptes of possibledesigmsof suchrsystenrs:

6.3.2| Systems with an integrating sphere source (type A2)

For cplibration type A2, an integrating sphere or hemisphere is required,offering a [near perfect
homojgeneous and diffuse source over the full field of view of the pyranometers. The system may have
positioners or a translating or rotating mechanism to accurately exchange instrument|positions or
exchange instruments at one single position. Alternatively, the system'may be designed $uch that the
pyrarjometers are positioned symmetrically so all have a homogeneous and identical field ¢f view of the
source and no positional exchange is required as part of the calibration procedure. The user may make
an unexposed (dark conditions, zero irradiance) measurementdnd correct for zero offsets

Annek A gives one example of a possible design of such a system.
6.4 (Indoor calibration procedures

6.4.1 Calibration procedure requirements (types A1 and A2)
Calibration requirements for indoor calibratioen are:

eference and test pyranometer Shall be mounted in the same plane, having the sgme detector
eight;

= =

|
@

kact exchange of the positions between reference and test pyranometer should be pogsible;

=

he difference betweefiirradiance levels at the instrument positions should be as smafll as possible
ut shall be lower than 10 %;

jox

— records used fofcalibration should be based on samples taken after more than 3 x the 95 % response
ime as specified for the pyranometer type in ISO 9060, has elapsed.

(=)

6.4.2| Indoor calibration procedures (types A1 and A2)

Checly thiat the reference and test pyranometers are of the same model.

Allow electronics and the lamp to stabilize. A stability- check is built into the mathematical treatment
of 6.4.3.

Properly position the pyranometers under the lamp or integrating sphere source. Optionally, determine
zero offsets, and compensate for these, for example by taking records of the output of the pyranometers
alternately shaded and unshaded. For instruments that do not suffer from zero offsets, such as
pyranometers equipped with photodiode sensors, the zero offset measurement does not need to be
done. Optionally, exchange instrument positions to compensate for inhomogeneity of the irradiance.

If fast-response (photodiode) pyranometers are used, the detector will not (like most thermal
pyranometers) average over several cycles of the mains power. This means - depending on the light
source used - it may be sensitive to power oscillations. Note that the power frequency is two times
the voltage frequency. Therefore, the sampling frequency should be a multiple of 100 Hz and 120 Hz
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for mains frequencies of 50 Hz and 60 Hz respectively. Alternatively, an integrated value over the full
oscillation period should be recorded.

Apply the mathematical treatment described in 6.4.3.

6.4.3 Calculation of the sensitivity

Calculate the measured values, V, from the records taken using the following Formulae (3) to (6):

Ve=Viu—Ves (3)

Vi=Viu[Vis (4)

Ve =VeuVes (5)

Ve=VeuVis ©)
where

%4 is the pyranometer output in arbitrary units;

r is the reference pyranometer;

t is the test pyranometer;

u is the unshaded (light);

S is the shaded (dark) offset or zero offset obtained in another way;

ar¢ the records taken with sensor positions exchanged at a new moment in time (or in casg only
1 ipstrument mounting location is available: the repeat reference and test samples obtaiped at
the same position at different times).

Verify that the lamp source is stabledy-checking whether the condition

(1-k)<t—<(1+k) (7)

Calibration laborateri€s may also use a smaller value of k than 0,01, which is beneficial for the
calibration ujncertainty:.

If the conditi

vV, +V,
Sg=——1L5, (8)
V. +V,
or from:
V. V/\S
Se=| oty [ %)
v, V. )2

Under ideal conditions with perfectly stable lamps and instruments, the 2 formulae lead to the same
result. The choice of formula’s is left to the user’s scientific judgement. Using Formula 9 may offer a
more direct insight of the homogeneity of the irradiance.

10 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=47e35ad5b9d3a76a70921fc706e7fdf2

ISO 98

47:2023(E)

6.4.4 Calibration conditions and optional correction of reference operating conditions

For a calibration laboratory performing indoor calibration there are several commonly used ways to

report calibration results, (sensitivity and its uncertainty), and the conditions in which
sensitivity is valid; this can be either the calibration conditions or:

Option 1 a:

the reported

— the reported sensitivity is valid under conditions similar to the outdoor calibration conditions

under which the reference pyranometer was calibrated.

iftherelevantinstrument properties (mostimportantly temperatureresponse, directio

nalresponse,

spectral response, tilt response)] are included In the calibration uncertainty of
imstrument, no additions to the total calibration uncertainty need to be introduced:
uncertainty of the indoor transfer procedure shall be added to the total calibration un

Optiopn 1 b:

— the reported sensitivity is valid under conditions similar to the outdoor calibratio
under which the reference pyranometer was calibrated,

milar to option 1 a, however, when the uncertainty of the reference instrument doe
| uncertainties associated with the instrument specs (or individual systematic erroj
e added or accounted for. This may lead to additional contributions to the calibration

pr example, if the reference pyranometer has been calibrated at 10 °C, and the indod
bmperature is 25 °C, the calibration reference temperature (conditions specified in th

r the test pyranometer is 10 °C. As the pyranometers will not have exactly the same
‘Lpendence, an uncertainty may be added tovtake this into account. This uncerta
kample be calculated using the specificatign of the class in ISO 9060, or from ex
termined instrument properties.

- T oW

[

o @

Optiohp 2:

— the reported sensitivity is valid for standardised reference-operating conditions cl
cplibration laboratory (for example horizontal installation, 20 °C instrument temper3
imcidence radiation), or valid)for specific measurement conditions.

— ppssiblyincluding corregtions for systematic errors such as the change of sensitivity of
plyranometer to the specific reference-operating conditions,

hile adding af uncertainty accounting for the differences in conditions (both for
pyranometer.dnd the newly calibrated test pyranometer),

This lpst contribution to the uncertainty of option 2 takes into account that properties may
differ] betwéen instruments of the same model. This approach may have the benefit fo

the reference
f course the

ertainty.

n conditions

s not include
s) these may
uncertainty.

r calibration
e certificate)
temperature
inty may for
perimentally

hosen by the

ture, normal

the reference

he reference

significantly
 the user of
1d.

simplifgZing the measurement uncertainty evaluation when instruments are used in the fie

6.4.5 Uncertainty evaluation

The uncertainty evaluation of indoor calibration shall at least show
— uncertainty of the sensitivity of the reference pyranometer,

uncertainty related to transfer of the reference to the indoor conditions, and

the uncertainty of the method.

In

case of re-calibration it is recommended to compare the previous calibration result to the new

calibration result. See Annex F for an example of uncertainty evaluation for indoor calibration.
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7 Outdoor calibration (Type B)

7.1 Introductory remarks on outdoor calibration

Outdoor calibrations may be carried out under different atmospheric conditions and mounting
conditions of the instrument.

The outdoor calibration uncertainty depends on environmental factors and site-specific conditions. For
a the most accurate result it is essential that the measurement is done over a sufficiently long period
of time, and with sufficient clear sky exposure at low angles of incidence. In outdoor calibration, the
ambient temperature, angle of incidence and stability of the source are not under control (except

angle of inciflence when using method B3J. Users of outdoor calibration methods will typically h

perform an i
account.

Class B and
pyranometet
is used in a

reference py
Even Class A
instruments
Outdoor cali
levels.

The reportec

hdividual uncertainty evaluation of each calibration, taking environmental conditior

C pyranometers may have significant tilt and directional errors, so\that for
s the tilt angle and angle of incidence of direct radiation are relevant.df‘the pyrano
particular, for example tilted, condition an outdoor calibration agaifist a higher acc
ranometer under the same condition may compensate for direetional- and tilt e
sensors may have significant zero offset A. This offset may be reduced by ventilatio
employed with a ventilator may therefore best be calibrated-in a ventilated conc
bration at a fixed tilt angle or at normal incidence may be useful to attain higher irrad

| sensitivity is valid for conditions during this calibration. These may also be correc

other referefice-operating conditions. In that case this change-shall be accounted for in the calib

uncertainty.

1SO 984641 g
performed u
the lowest c4

7.2 Referg

Preferably, f{
class (accord
recommends
angles of inc
against spec

In outdoor
measuremern
calibration is

escribes several outdoor calibration methods of pyranometers against pyrheliomet
sing pyrheliometers with a low calibration uncertainty, this method potentially led
libration uncertainties, typically of around 1 %.

pnce pyranometers for outdoor calibration

he reference pyranometer™ for outdoor calibration should be of a higher acc
ing to ISO 9060) than the test pyranometer, and calibrated according to ISO 984¢€
d that the dependence of its sensitivity on temperature, irradiance, tilt, spectrur
dence are documented. Spectrally non-flat pyranometers should preferably be calilj
rally flat pyranometers.

calibration;. there are no special requirements for the reference pyranometer
t uncertainty of the reference pyranometer under the specific outdoor conditions d
the relevant factor.

If the calibra

the calibratior

hve to
s into

these
meter
uracy
ITors.
n, and
lition.
iance

ted to
Fation

ers. If
ds to

uracy
Lt is
n and
rated

The
uring

ion of the reference pyranometer refers to conditions different from those present d
0 - a DVTATIOMCTeT bt - - P > e e T a3 v

V eVa

of the calibration.

7.3 Outdoor calibration systems

7.3.1 Site selection for outdoor calibration

uring
ation

Preferably, the site should have a horizon free from obstructions at the relevant solar azimuth and
zenith angles[3l. As the calibration method of this document is by comparison to a similar instrument, a
pyranometer, the requirements for the site are not strict. There should be no nearby objects reflecting
radiation to the pyranometers.
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A solar tracker shall keep the reference pyranometer and test pyranometer normal to the sun. The
tracking accuracy shall be such that deviations from the solar centre do not exceed +2°.

7.4

7.4.1

Outdoor calibration procedures

Calibration procedure requirements (B1, B2, B3)

Ensure that the azimuth references (e.g. connectors) of the pyranometers are aligned according to the
instrument specific recommendations.

ChecK

alignment in the horizontal position. If the instrument body is not used for alignij

instryment bubble level.

Itisr

NOTE
and td

pcommended to measure the temperature of the pyranometer bodies and 6f.the envi

point it towards the nearest pole when calibration is done in the horizontal’position or dow

the pyranometer is tilted[3].

Refer

Corre
spect
used
to no

bnce and test pyranometers are not necessarily of the same todel.

ctions might be used to reduce systematic errors such as temperature, inciden
ral errors. If such corrections are applied to the test pyranometer, the same correct
during the calibration and the later applications of the pyranometer. Corrections 1
ficeably reduce the calibration uncertainty andClater the measurement uncertain

instrgment has systematic errors, as e.g. in the case.of photodiode pyranometers.

Labor
of the
condi
corre

For n
for s
arour
irrad
calib

atories may calibrate under the calibration conditions, environmental, angle of i
ir choice. The accuracy of the test pyranometer for conditions different from thes

fions might be significantly reduced-depending on the instrument and the optio

rtions, as mentioned above.

bn-spectrally flat pyranometers the importance of the calibration conditions is ever]
ectrally flat pyranometers: It is therefore common to calibrate non-spectrally flat p
d air mass 1,5. (e.g. air(mass range of 1,8 to 1,3, or 1 h before or after air mass 1,5)
ances. In particular if corrections for temperature, spectrum and incidence angle are
ation data sets covering the conditions expected in the later application can also be g

Mounit the referencé pyranometer and the test pyranometer outdoors in the same plane.

The c
varyi
type

hlibration-platforms may remain horizontal for calibration type B1, be changed to a
hg) tiltfor’calibration type B2, or be attached to a solar tracker for normal-incidend
B3.

The r

nent, use the

ronment.

In outdoor calibration, a common convention is to use the electrical connector as the azinmuth reference

nwards when

e angle and
ions shall be
hight be able
'y if the test

hcidence etc,
e calibration
hally applied

higher than
[yranometers
and for high
applied, long
fadvantage.

Certain (even
e calibration

. If the same

ndingc of test and reference pyranometer shall be measured npquy simultaneousl

data logger is used for both instruments sampling both signals within the same second is sufficient. If
different data loggers are used for both devices their clocks shall be synchronized with an error of less
than 1 s and the same sampling interval should be used. For simplicity such measurements are called
simultaneous in the text below.

7.4.2 Outdoor horizontal calibration procedure (type B1)

7.4.2.1 Under stable cloudless sky conditions

Under stable nearly cloudless sky conditions, simultaneously collect a minimum of 15 data series
each 10 min to 20 min long, with 20 or more records in each series. At least 240 records shall pass the
filters defined below for the data rejection (see 7.4.5.4). At least 30 % of the records shall be recorded
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within 2 h around solar noon, 40 % to 60 % before the solar noon and 40 % to 60 % after the solar
noon.

Take these measurement series over a minimum of a 2-day period, limited to solar zenith angles smaller
than 70° (see also Annex B). If the test pyranometer will be used mostly for high solar zenith angles
higher solar zenith angles are also allowed.

In case there is a requirement to cover a large range of environmental conditions the measurement
may be extended over a longer period. This might be of interest for example for spectrally non-flat
instruments.

7422 U

Under unsta
a time inter
the calibrati
observing t
from the su
irradiance,

Records sha

— G4/G<0
— G, >500
maximu

The set of re
represent st

above and those defined below for the data rejection (see 7.4.5.4). At least 30 % of the records sh

recorded wit
solar noon.

Take these d
If the test py|
solar zenith

In case thers
may be exte
instruments

7.4.2.3 Clg

For cloudy s
interval bety

le sky conditions with clouds, simultaneously sample both instruments and integrat
al between 1 min to 5 min to obtain the records. To ensure that clouds are.npt afft
n, data may only be taken if there are no clouds close to the Sun. This can be checK
e sky with the bare eye or with a camera ensuring that there are no-glouds withi
. Alternatively, the calibration data can be filtered using co-located global horizontal
, direct normal irradiance, G, and/or diffuse horizontal irradiance; G, measurer
be used for the calibration that fulfil all of the following conditions:

4;
W/m?2;
m variation of Gy, in a series <200 W/m2;

cords used for calibration consists of a minimum of 15 series of 20 or more record
bady radiation over the calibration period.. Atleast 240 records shall pass the filters

hin +2 h around solar noon, 40 % to 60.% before the solar noon and 40 % to 60 % aft

ranometer will be used for measurements at high solar zenith angles, calibration at I
ingles is also allowed.

b is a requirement to-caver a large range of environmental conditions the measury
hded over a longer_petriod. This might be of interest for example for spectrally nd

udy sky conditions

ky conditions take simultaneous samples on both instruments and integrate over ¢
yeerl 10 min to 1 h to obtain the records. The set of records used for calibration cons

a minimum ¢f10 series of one day with 10 or more records, over the calibration period with dif

b over
pcting
ed by
n 30°
solar
nents.

s that
given
all be
er the

hta series over a minimum of 2-day period, limited to solar zenith angles smaller than 70°.

igher

bment
n-flat

time
sts of
Ferent

solar elevation angles, and different types of cloudiness while the hourly mean of global irradiance is
greater than 100 W/m2. At least 100 records shall pass the filters given above and those defined below
for the data rejection (see 7.4.5.4).

NOTE Calibrations under cloudy sky conditions typically result in a higher calibration uncertainty than
calibrations under mostly cloud free conditions and are not recommended unless the test pyranometer will be
used mainly for cloudy conditions.

7.4.3 Outdoor tilted calibration procedure (type B2)

Before the calibration, check that the radiation reflected by the ground surface at the locations of both
instruments are the same e.g. by changing their positions.
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Take records of hemispherical solar radiation in accordance with 7.4.2.1 or 7.4.2.2 depending on the sky
conditions.

7.4.4 Outdoor normal incidence calibration procedure (type B3)

Ensure that all data are taken while instrument output exceeds 600 W/m?2 and centre the data set
around solar noon.

Before the calibration, check that the radiation reflected by the ground surface at the locations of both
instruments are the same by changing their positions.

Otherwise take recards of hemispherical solar radiation in accordance with 74 2 1 or 74 2.7 depending

on th¢ sky conditions.
7.4.5| Calculation of the sensitivity

7.4.5/1 General

If a single sensitivity is calculated over a range of solar angles of incidence, for example, when using
daily pums, the daily average solar zenith angle shall be reported. A way to calculate the ¢laily average
solar genith angle is given in Annex B. Annex D shows examples of.data with outliers and lajrge standard
deviafion.

The fpllowing calculations are required.

7.4.5{2 Calculating output ratio’s
A firsf step applies to every pair of records of testand reference pyranometer.

From|each record, i, calculate the ratios giventby Formula (12):

o, =l 12

L, — Vv r ( )
r,i
where

I} istherecord of the output of the pyranometer output in arbitrary units;

r is the referéricé pyranometer;

t is the teSt pyranometer;

S isthe sensitivity of the reference pyranometer, possibly with a correction facto} for the con-

ditions during calibration e.g. for temperature dependence.

| - 4.2 I 1 L) L£L. A b A Alanh) ) . 1 | h ) 1
As deScribedimn .2, rOruid (2], OIISETS NMIdy dCC OIT V. T IIEST dI © UICIT IIITIUaet T tIIe aD0VvE formula VI

7.4.5.3 Datarejection

First, reject all records which have been subject to operational problems for both pyranometers, and
which do not comply with the specifications from 7.4.2 to 7.4.4. As a second step, determine the average
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sensitivity of the test pyranometer within measurement series number j consisting of the remaining N;
records using the Formula (13):

The purpose

I:Nj ]
t,1

i=1 ‘T

of these § calculation is the outlier rejection only. For the sensitivity calculatio

avg,j

valid records shall be used with the same statistical weight.

7.4.5.4 Outlier rejection

(13)

n St,i

Reject those
The series, j,

7.4.5.5 Stg

Determine the stability of the calibration conditions by calculating the standard.deviation of S,

all records u|
the clean dat
mean value
contribution
(standard de|

7.4.5.6 Ca

Derive the f
retained aftd

S t,final =

7.4.6 Calibration conditions and optional correction of reference operating conditions

7.4.6.1 Ch

The reported
during calibt
from the deg
test pyranor
In such case
evaluation.

. of

Hata for which S; of Formula (12), deviates by more than £2 % from S, ;

includes the record, i.

tistical analysis

sed for calculation of the sensitivity (all data used in Formula (3]);hot only the ones
represents the stability of the conditions during the_edlibration, and also ing

5 of the measurement capabilities of the test pyranometer. This statistical distrik
viation) shall be input to the uncertainty evaluation.

culation of the sensitivity

nal sensitivity of the test pyranometer frem the total number, m, of retained re
r applying the outlier rejection (see 7.4.5.4) from Formula (14):

i=m

1

— D S
i=1

pice and optional corréction of reference conditions: temperature

sensitivity mayrefer to reference conditions other than the actual instrument temper
ation. If during.a calibration the test pyranometer’s temperature, T, significantly de
ired and reported reference value, Ty, and if the temperature response or its limits
heter is<known, then a correction factor for this temperature dependence may be
additional uncertainties of the correction shall be taken into account in the uncer

Formul£ (13).

over

from

a after outlier rejection). The statistical distribution (standard deviation) of S, around its

ludes
ution

cords

(14)

ature
Viates
of the
used.
fainty

7.4.6.2 Choice and optional correction of reference conditions: angle of incidence

In the outdoor measurement methods of this document, the relative contributions of direct and diffuse
radiation to the sensitivity are not known without further additional measurements. Without such
additional measurements it is therefore not possible to accurately correct for incidence angle effects.

7.4.7 Uncertainty evaluation

The uncertai

— uncertai

nty evaluation of outdoor calibration shall at least show

nty of the sensitivity of the reference pyranometer,

— uncertainty related to use of the reference pyranometer under the outdoor conditions during
calibrations,
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— the uncertainty related to the records used to determine the sensitivity (statistical distribution of
the measurement results as mentioned in 7.4.5.5).

For outdoor calibration the uncertainty evaluation for one instrument may not be used for other
instruments; data rejection and statistical analysis and the relating uncertainty evaluations shall be
performed for every calibration individually. Annex E contains more detailed comments.

8 Calibration certificate

The cErtificate of calibration shall as a minimum state the following intormation on

a) tf

e test pyranometer:

model and serial number;

b) the reference pyranometer:

model and serial number;
calibration hierarchy and traceability;

correctionsapplied (ifany) for example from calibration/conditions of the reference
to the calibration conditions of the present calibration;

c) the procedure:

identification of the calibration procedurei{i.e. reference to this document, calil
indoor A1-A2, outdoor B1-B2-B3, or an internal documented procedure);

location;
date of calibration;

calibration conditions (i.e:-averages of - and minimum and maximum of tilt ay
incidence, temperature;irradiance);

only for non-spectrally flat instruments in outdoor calibrations: the spectrum or t}
affecting the speetrum (e.g. aerosol optical depth, precipitable water vapor, Lin
cloud conditions);

identificdtion of the person authorising the report;

d) the resultofthe calibration:

Sensitivity;

byranometer

bration type:

1gle, angle of

he conditions
ke turbidity,

uncertainty evaluation of sensitivity;
reference-operating conditions (if different from the calibration conditions);

for outdoor calibration only: the standard deviation.
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Annex A
(informative)

Examples of calibration systems using artificial sources

A.1 General

Suitable systlems that have been used in different laboratories to calibrate pyranometers indoors are
described in|A.2 and A.3.

A.2 Systems using a direct beam source (type A1)

A.2.1 System and procedure example 1

A calibratior} system and calibration procedure are described in Referende) [8]. The vertical begam is
produced byla 150 W metal-halide lamp fed by an AC voltage stabilizerwith reflector (concave miirror)
above the lamp.

The reference and test pyranometers are mounted horizontally om.a table which can rotate to exchange
the position of both instruments. The distance between the reflector and pyranometers is 1,2 m, and
the irradiande at the pyranometers is approximately 500 W/m#.

The procedufe is based on a sequence of records as show#yin Table A.1.

Table A.1 — Measurement procedure

Sampling time
after stagt Reference pyranometer Test pyranometer Remarks
S unshaded shaded unshaded shaded
90 Viu - Viu - Pyranometers in irfitial
180 R V. R Vs position
270 Viu - Viu - Pyranometers trans-
360 - V. - Ve posed

The calibratipn is conSidered stable if the ratio given by Expression (A.1):

(Vr,u _Vl ,S )(Vt,u _Vt,s)

(Vr,u _Vl S )(Vt,u Vt,s )

(A1)

deviates no more than £k % from unity, where k is at most 0,5. Lower values represent a higher stability.
A calibration and measurement capability of 1 % can be obtained, see NOTE.

In case photodiode pyranometers are calibrated, thermal stabilization in not required, so time of
sampling after start is shortened, unshaded measurements are not performed, since zero offsets are
do not appear, and only one position is used at which reference and test instruments are measured
sequentially.

NOTE Calibration and measurement capability (CMC): demonstrated measurement uncertainty, with

coverage probability of 95 %, in a given measurement point or measurement range, calculated according to EA-
4/02 “Evaluation of the Uncertainty of Measurement in Calibration”[2l,
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A.2.2 System and procedure example 2

A vertical light beam is produced by a 600 W Halogen lamp, located in a ventilated lamp compartment.
The lamp is stabilized using a high-stability power supply[10.

Reference and test pyranometers are located in the sensor compartment, which is then closed so that
no externally generated light enters this compartment. Sensors are placed on spacers so that their
position is known and sensor height relative to the lamp remains the same.

Between the lamp compartment and the sensor compartment there is an automated shutter. A
measurement and control unit takes care of process control and data acquisition as well as data quality

assurance. Further process control and entry of data by the operator is via a user interface on the
opera‘tor's PC screen. Instrument positions are manually exchanged.

The measurement procedure follows 6.4.1 and 6.4.2, and calculation of the sensitivity is
6.4.3 pvith k= 0,01. A CMC (see note in A.2.1) of less than 1 % can be attained.

A.2.3 System and procedure example 3

Metegrological Observatory Lindenberg, part of the Deutscher Wetterdienst operates t
facility (1],

The diirected vertical beam (divergence, +1,5°) is produced by a€ombination of

a)

b)
‘)

al 450 W xenon lamp (Osram type X BO) with condeénser optics and air cooling,
feedback of the lamp output (monitoring of a split beanrby a silicon photodiode),

ah optical integrating device (to homogenize the fadiant flux density of the beam), anc

alflat mirror tilted to 45° (to turn the beam frém horizontal to vertical).

The reference and test pyranometers are mounted horizontally side by side on a platform
trans|ated so that the pyranometers are alternately exposed to the beam. The centres of

of bot

apprdximately 10 cm; irradiance, 700 W/m?; homogeneity of irradiance, +2 % within a cirg
The pgyranometer platform and the'mirror are installed in a climatized room which ensu
envirpnmental conditions, and‘a wall painted black which reduces stray light.

The procedure for taking re¢ords is shown in Table A.2; an alternative procedure is shown
The tables are examples.

according to

he following

stabilized by

which can be
the receivers

h pyranometers shall have the sante coordinates when they are exposed to the beam (diameter,

le of 24 mm).
res constant

in Table A.3.
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Table A.2 — Measurement procedure

Sampling time
after start

min unshaded shaded unshaded shaded
2 \Y

Reference pyranometer Test pyranometer
Remarks

IS
ru

6 Vv

s

r,u
10 Vis
Exchange,of positign
12 Vis
14 Viu
16 Vis
18 Viu
20 Vis
22 Viu
24 .
Exchange of positign
26 \
28 Viu
30 Vis
32 Viu
34 \Y%

s

IS

Table A.3 — Alternative procedure

Sampling|time

after StArt Reference pyranometer Test pyranometer Remarks
min unshaded shaded unshaded shaded
2 Vil Vil Calculate
V)2 Vis2 k2
6 Vi.s3 Viu3
8 Viud V4 k4
10 Vis5 Viud
12 Vr,uf‘ \Ir'sﬁ kG
14 Vi.s7 \A
16 V8 V8 k8
18 V.9 Viu9
20 V.10 Vi s10 k10
22 V.11 Ve 10 (0
mean

A.2.4 System and procedure example 4

A reference pyranometer is calibrated against the primary reference sensor, according to the sun-and-
shade method under ISO 9846.
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The test pyranometer is calibrated against a calibrated reference pyranometer of the same model using
a1 000 W/m?2 AAA solar simulator (AM1,5 G + 0,0075 G temporal stability) with automatic shutter. The
reference and test pyranometers are installed in horizontal position on an automatic 2-dimensional
optical stage with high positioning precision. By alternating the position of the reference pyranometer
with the test pyranometer multiple times, the output signal of both pyranometers are recorded and
used to calculate the sensitivity. The calibration conditions are maintained constant (e.g. ambient
temperature is controlled within 25 °C + 3 °C and normal incidence irradiance 1 000 W/m?2)[12],

With this system and procedure, a CMC (see note in A.2.1) of 0,59 % can be attained.

A3

Systems using an integrating sphere source (type A2)

A.3.1 system and procedure example 1

Refer

The s
lamp¢

bnce [13] describes an integrating sphere source and measurement procedure:

purce is 2,4 m diameter integrating hemisphere. It comprises 12 200 Wiand 12 30(
positioned near the rim of the hemisphere. Up to four pyranometers can be mo

instrgiment pedestal stand in the centre of the sphere such that each,ihstrument is at the

abovd

the direct lamp exposure and subject only to the diffuse igradiance reflected sy

off the interior of the upper part of the sphere. Water circulators’are used to control th

temp
homo|

The t
type)
integ
acqui
integ
irrad
meas

pyrar
initia

bratures and the sphere walls. Annual testing ensures that the irradiance in the dox
ceneous. Instrument positions therefore do not need to.be exchanged.

ransfer standard reference pyranometer and up tothree test pyranometers (all of the
are positioned on a temperature-controlled pedestal symmetrically located in the
rating sphere. Be sure the instrument domesyare cleaned. Connect the instrument
cition system. Turn on the water circulaters to the instrument stand and the sidg
rating hemisphere. Power on the lamps and'set the voltage controller to 110 VAC crea
ance of approximately 600 W/m2 to , 760 W/m?2. Prior to the data run, cap the inst
ire the initial zero readings. Run_ the data run and record the voltages of the referg
ometers. After the run, cap the instruments and measure the final zero readings.
and final zeros and subtract from the instrument voltages in the data run.

W tungsten
inted on the
same height,
rmmetrically
P instrument
he interior is

same model
centre of the
5 to the data
bwalls of the
ring a diffuse
ruments and
bnce and test
Average the
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Annex B
(informative)

Calculation of daily average zenith angle

A representative angle for any given calibration site may be determined by calculating the mean of the
cosine of the zenith angle welghted w1th the cosme of the same angle to glve a welght in apprOXImate

proportion { B.1) as
follows:
J.wZ cos? 6 dw
(cose)zwl— (B.1)

J-Z cosOdw

where @; and @, are the integration limits (in radians) defining the time period 0ver which the average
is calculated|and 6 is the solar zenith angle? given by:

cosO@=al+bcosw

where
a =$in¢@sind ;
b =¢0s¢coso ;

w is the solar hour angle in radians;
0] is the latitude (north positive, south-hegative);
6 is the solar declination.
It is readily shown that for the casesthat @; =0 (solar noon) Formula (B.1) reduces to:

- (a2+b2/2)a)2 +sina)2[(b2/2)cosa)2 +2ab]

(c059)= 2w, +hsine, (B.2)

The above efpression‘for @; =0 was evaluated with @, =cos™* {[cos(6,)—a]/b}, where is thd hour
angle @, in yradian‘and 6, the zenith angle corresponding to 70°. Using solar declination values §|given

by Duffie and Béckmanlél as representative of each month; the results (rounded to 5°) are shown in
Table B.1.

The results confirm that the method of selecting the S(i) values at a solar zenith angles of 40° to 45°, as
used in practice, is appropriate for mid-northern/southern latitudes throughout the world. They also
highlight the importance of the directional response specification of pyranometers to be used poleward
of latitude 30°, particularly during the winter months. These results lend support to Zerlaut(14l,

1) Formula (B.1) represents a weighted average of the form Y (w x)/Y. w, where the weight w= 1XxXcos 8 can be
thought of as clear sky solar radiation with noon value 1 kW/m? and cos as the quantity whose weighted average
value is being evaluated.
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Table B.1 — Weighted daily average solar zenith angle for different latitudes and months

Weighted daily average solar zenith angle (degrees) for
Month in the northern E;=0 and o, = cos™! {[cos(6,)~a]/ b} the hourangle | Month in the south-
hemisphere corresponding to , , =70° ata latitude of: ern hemisphere
0° 15° 30° 45° 60° 75°
January 40 45 55 65 — — July
February 35 45 50 60 — — August
March 35 40 45 55 65 — September
April 35 35 40 45 55 65 October
May 40 35 35 40 50 60 November
June 40 35 35 40 50 60 Déecembér
July 40 35 35 40 50 60 January
Augupt 35 35 40 45 55 65 February
Septgmber 35 35 45 50 60 — March
Octoljer 35 40 50 60 — — April
November 40 45 55 65 — — May
Deceinber 40 50 60 — — — June
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Annex C
(informative)

Introduction of a new pyranometer sensitivity

Users should know that well-maintained thermal pyranometers are stable instruments with very

limited drift of sensitivity over time.
When a pyrinometer is recalibrated, it is recommended to compare the new sensitivity to its-ptrgvious
sensitivity. Before changing the sensitivity applied to generate data, the proposed chafige” should

be comparec
to the calibr
this could le
the uncertai
reference sh

htion uncertainties, the change may be rated “not significant”.

hty related to the calibration methods of the calibrated instrumentyand the calib
puld be considered. Systematic errors (such as the WRR uncertainty relative to SI) s

to the calibration uncertainty. If the proposed change in sensitivity is small'compared
If a change ‘is introduced
hd to an unnecessary discontinuity in the measured data. Making suehComparison only

Fation
hould

be excluded from the analysis.

nce to

b.

Changing th¢ instrument sensitivity may lead to discontinuities in data-séries and as a conseque
discontinuit'rs of derived quantities such as the Performance Ratio measurements for PV system
r

If a new cali
open to the y

ation result, a sensitivity, is different from the prewious result there are several options
ser:

ation.
r then

Option 1 the new sensitivity and its uncertainty are introduced without any further consider
This is dJommon practice in metrology. A scale chatige and discontinuity in data series may
occur, but is accepted (see note 1).

Option 2: the recalibration is considered as-a-verification of the sensitivity used at that m¢ment
(a “confgrmity test”). If the new sensitivity passes the decision rule of the conformity test, (see
note 1), the two results are metrologically’compatible and original pyranometer sensitivity may be
retained| Possibly this results in a more consistent data series than when working according gption
1. Howeyer, when working according to this option the calibration uncertainty of the instrument
shall be tarefully reviewed. Thiswncertainty cannot be lower than that of the recalibration.

If several inglependent recalibtations consistently differ from the original, a new sensitivity m
introduced af per option 1.

ay be

Option 3f the user makes an elaborate evaluation and decides when to apply the new sensitivi
after a cértain eyent.

Ly e.g.

ed to

If a significant e¢hange in sensitivity is found (see the decision rule of note 1) it is recommend
investigate how and when thlS change has occurred The data may be treated accordlngly If an|event
can be pinpoir F essed
using the new sen51t1v1ty If no specific cause of the change can be found, the user can either introduce
the new sensitivity from the date of the recalibration and have a step-change in the data series, or if
a gradual drift in sensitivity is more likely or evident from successive calibrations, the user can re-
process the data, interpolating the sensitivity over the time between original and new calibration and
applying a sensitivity that gradually changes over time to obtain an as-realistic-as-possible data series.

NOTE To decide if the new and old sensitivities S(new) and S(old), significantly differ, or are metrologically
compatiblell], the E, decision rule can be used[?/l15]. The uncertainty, U, only includes the uncertainty of the
methods, not of the scale. In solar energy it is customary to use the expanded measurement uncertainty, U, with a
coverage factor k = 2.
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|S (new)—S(old)|

E. =
\/U(new)2 +U(old)?

n
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Annex D
(informative)

Data quality review for outdoor calibration

During outdoor calibrations of pyranometers (and other solar irradiance sensors) some situations may
lead to results having a large uncertainty budget. These may be treated as statistical uncertainty type
A, but are befteravoidedSOME eXampies are itustrated i the fottowing Figures Dot D2 amd D-3-

Y

‘%

Key
X solarirrafliance as measured by calibration reference pyranometer
Y solarirrafliance as measured hy.the test pyranometer

Figure D.1 — Effect’'of moisture condensation in the internal face of the dome of a
thermoelectric pyranometer (unexpected result)
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