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Foreword

IS0Q (the International Organization for Standardizalion) is a worldwide
federalion of nalional standards bodies {(ISO member bodies). Tha work
of preparing International Standards Is normally carried out through ISO
technical commitiees. Each member body interesled in a subject for
which a technical committee has been established has the right to be
represented on that commitlee. International organizations, govern-
menlal and non-governmental, in liaison with 150, also take part in the
work. IS0 collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of eleclrolechnical standardization.

Draft Internalional Standards adopted by the technical committees are
circulated to the member bodies for voling. Publication as an Inter-
national Standard requires approval by at leasl 75% of the member
bodies casting a vole,

International Standard IS0 9060 was prepared by Technical Committee
1SQ/TC 180, Solar energy.

Annexes A B and C of this International Slandard are for information
anly.
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Introduction

This International Standard is one of a series of standards that specify '
methods and instruments for the measurement of solar radiation in
support of solar energy utilization.

Accurale solar radiation data are used in meleorclogy and are needed
for developing solar energy appliances, in particular for performance
testing, solar radiation simulation and resource assessment.

The measurement of radiation is needed for determination of the con-
version efficiencies of solar appliances. The specification and classi-
ficalion of these Insiruments are needed in order to enable the
comparison of solar radiation data on a worldwide basis,

The specification and classification of solar radiometers prescribed in
this Internalional Standard are based on a terminology and methodology
that is similar to that used by the World Meteorological Organization
[(WMO). However, both the specification and the classificalion deviale
from Lhe WMO documents in order to meet the requirements specific to
solar energy utilization and appliances.

In particular, this Intermational Standard establishes the regulations
necessary for the implementation of the classification.
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Solar energy — Specification and classification of instruments
for measuring hemispherical solar and direct solar radiation

1 Scope

This International Standard establishes a classifica-
tion and specification of instruments for the meas-
urement of hemispherical solar and direct solar
radiation integrated over the spectral range from
03 umto 3 pm

Instruments for the measurement of hemispherical
golar radiation and direct solar radialion are classi-
fied according to the results oblained from indoor
or outdoor performance tests. Primary standards,
which are direct solar radiation instruments, are
classified on the basis of their desigh and specifica-
tion of measuring reproducibility under outdoor test
conditions verified by periodic pyrheliomelric inter-
Ccomparisons.

2 Normative reference

The following document contains provisions which,
through reference in this text, conslitule provisions
of this International Standard. At the time of publi-
cation, the edition indicated was valid,

World Meteorological Organization, Guide [0
Meteorological Instruments and Methods of Obser-
vation, No. 8, 5th edition, WMO, Geneva, 1983.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 hemispherical solar radiation; Solar radiation
received by a plane surface from a solid angle of
2w ar.

NOTE 1 More than 88 % of the hemispherical solar ra-
diation incident at the earth’s surface is contained within
the wavelength range from 0.3 pm to 3 um. Generally,
hamispherical solar radiation is composed of direct solar
radiation and diffuse solar radiation (solar radiation scat-
tered in the almosphere] as well as solar radiation re-
flected by the ground.

3.2 global {solar) radiation: Hemispherical solar
radiation received by a horizontal plane surface.

3.3 direct solar radlation: Radiation received from
a small solid angle cenlred on the sun's disc, on a
given plane.

MOTE 2  In general, direct solar radiation is measured
by instruments with field-of-view angles of up to 157
Therefore a parl of the scattered radiation around thea
sun’s disc [circumsolar radiation} is also included (sea
5.1).

More than 99 % of the direct solar radiation received at
the ground is contained within the wavelength range from
0.3 pm to 3 um.

3.4 pyranometers: Radiometers designed for
measuring the irradiance on a plane receiver sur-
face which resulls from the radiant fluxes incident
from the hemisphere above within the wavelength
range 0.3 pm to 3 pm

MOTE 3  The spectral range given is only nominal. De-
pending on the materials used for the domes which pro-
tect tha receiving surface of a pyranometer [see 4.1), tho
speciral limits of its responsitivity approximale to the
limits mantioned above,

Radiometers which are of design similar lo pyranometers,
but which are equipped with pholoelectrical sensors hav-
ing spectral responsivily which is nol as uniform over the
spectral range as regquired in table 1 (reference No. 3d),
are often designated by the name of the sensor, for in-
stance  "Silicon-pyranometer” jor, for shorl, Si-
pyrancmeter)

3.5 pyrhellometers: Radiometers designed for
measuring the irradiance which results from the so-
lar radiant Mlux from a well-defined solid angle the
axis of which Is perpendicular to the plane receiver
surface.

MOTE 4 It follows from this definition that
pyrhellometers are used to measure direct solar radiation
al normal incidence. Typical field-of-view angles of
pyrheliometers range from 5° to 10" Unlike the
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windowlass instruments, the spectral responsivity of field
pyrheliometers is limited to the range approximately
0.3 prm to 3 pm, dapending on the spectral transmittance
of the window which protects the receiver surface, How-
ever, windowlees instruments operate with a logs of an-
ergy of less than 1 % (see note 2 to 3.3),

368 world radiomelric reference (WRR): Measure-
ment standard representing the Sl unit of irradiance
with an uncertainly of less than £+ 0,3 % {see the
WMO Guide to Meteorological Instruments and
Methods of Observalion, 1983, subclause 9.1.3). The
refereance was adopted by the World Metecrological
Organization {(WMO) and has been in ellecl since
1 July 1980

In order to ensure its long-lerm stability the WRR is
realized by a group (known as the World Standard
Group) of at least four pyrheliometers {(see 5.2.1) of
different design which are maintained by the WWMD
World Radiation Cenire at Davos.

1.7 Linke turbidity factor: Relative measure of the
altenuation of the direct solar radiation by the total
atmosphere, It is related lo the attenuation by mol-
ecule scatlering only.

The Linke turbidity factor can be interpreted as an
assumed mulliplier of the path length through a
clean non-absorbing molecular atmosphere Lo fit the
measured beam attenuation. For the mathematical
treatment, see [2].

4 Instruments to measure hemispherical
solar radiation — Pyrancmelters

4.1 General physical design

Pyranomelers are radiometers used to measure
hemizpherical solar radiation {see 3.1 and 3.4},

The spectral limits of the measurement only allow
for thermal sensors, equipped with absorbing sur-
faces, to achieve the uniform speciral responsivity
required for pyranometers (see table 1, reference
MNo. 3d).

Thermal sensors ftransform radiant energy inlo
thermal energy with a consequent rise in the tem-
peralure of the receiving surface. This rise in tem-
peralure is balanced by various kinds of heat losses
to thermal sinks (e.g. the body of the pyranometer
and ambient afr).

The thermal sensor of a pyranometer is protected
from wind, rain and dust as well as the exchange of
thermal radiation by one or two glass domes whose
spectral transmillance confines the spectral range
of responsivity to approximatealy 0.3 pm to 3 pm.

The main parts of a pyranometer are

a} the thermal sensor, the receiving surface of
which is painted black or alternatively black and
white,

b} the glass dome(s) (one ot two), which cover(s)
concenlrically the receiving surface, and

¢} the body, which is often shielded by a sun-
screan, and used as a thermal reference.

4.2 Types

The commonest type ol pyranomeler is the
“thermoelectric” pyranometer which is equipped
with a thermopile {sometimes called a thermo-
battery) measuring the difference in temperature
between the blackened receiving surface (active
junctions) and the body (passive junctions). The
position and number of the aclive and passive junc-
fiong are quite different In different pyranometer
models, Generally these sensors are covered by two
concentric glass domes lo achieve a strong atten-
uation of the off-set generated by thermal radiation.

Of a special design are the "black-and-while
pyranometers”. Their passive junctions are
thermally connected to white segments which are
regularly distributed over the relatively large re-
ceiving surface. Generally, only one dome is used
in black-and-white instruments on the assumption
that the thermal radiation is also absorbed equally
by the white paint.

Pyranomelers lhal are sell-checking by means of
electrical substitulion of the radiant power are now
commercially  available, However, “absolute
pyranomelers” with cavily receivers (corresponding
to "absolute pyrheliometers”, see 521 ) are not yet
on the market

Radiomelers with a 2= field-of-view angle based on
photoelectric receivers {using silicon pholovoltaic
cells) are available as so-called "Si-pyranomelers”.
Currently such instruments are not able to meet the
uniformity of spectral responsivily as required for
classification (see table 1),

Pyranometlers of designs other than those described
above may be used provided that they meet the
specific requirements for solar energy applications.
Detailed descriptions of various types of
pyranometer are given in [1]. [2] and [3].

4.3 Classification

The classification of pyranometers is based exclu-
sively on the measuring specifications of the inslru-
ments according to their design and qualily of
manufaclure,

MOTE 5 The accuracy of solar radiation date measurad
by pyranometers depends not only on the category of the
instrument but also on



a) the calibration procedure,
b) the measurement conditions and maintenance, and

c] the environmental conditions.

Tharefore statements about the overall measurement un-
certainty can only be made on an individual basis, taking
all relevant factors and the category of the inslrument into
accounl,

The classification scheme is based on various
specificalions, as given in table 1, and various clas-
sification criteria, as given in 4.3.2,

Three categories of pyranometer are defined as fol-
lows:

a) secondary standard pyranometer:

b} first class pyranomeler (including the special
group of first class pyranometer for solar energy
test appliances);

c) second class pyranometear,

NOTE 8 A primary standard i= not classified beacause
the most accurale delermination of global irradiance is
balieved o be the sum of the direct irradiance as meas-
ured by an absolute pyrheliometer and the diffuse solar
irraciance as measured by a secondary standard
pyranometer shaded from the sun by a disc,

4.3.1 Limiting values of pyranometer specifications

Pyranometer specifications can beé grouped as fol-
lows:

a} the response lime (38 measure of the thermal in-
ertia inherent in the stabilization period for a
final reading);

b} the zero off-sel {a measure of the stability of 1he
zero-point specified for the effect of thermal ra-
diation and for a temperature transient);

¢} the dependence on responsivity resulling from
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1) ageing effects {a measure of the long-term
stabilily),

2} the level of Irradiance (a measure of the
ron-linearity},

3} the direction of the irradiance {a measure of
the deviations from the ideal "cosine behaw-
iour” and fts azimuthal variation),

4} the speclral distribution of irradiance (a
measure of the speciralt selectivity of
responsivity),

b) the temperature of the pyranometer body,
and

B] the tilt angle of the receiving surface.

A specification is fulfilled il the mean value of the
respective tesl result does not exceed the corre-
sponding limiting value of the specification given in
table 1 for the specific category of instrument.

The specifications given in table 1 shall be verified
by tesis. Additional information on the specification
items is given in annex A .

HOTES

T Tablel was developed on lhe basis of the corre-
sponding WMO classification (see clause 2) which alsa
defines three categories of pyranomeler, i.e. secondary
standard, first class pyranomeler and second class
pyranometer. Tha limiting values given in table | are in
some cases more siringent than those given in the cor-
responding WMO table ewing to the requirements of solar
energy test applications and o recent improvements in
measurement techniques.

8 The "first class pyranometer for solar energy lest ap-
plication” iz defined in 4.3.2.

9 An International Standard dealing with methods for
testing pyranomeler characleristics is in preparation.

A pyranometer belongs 1o a specilic category if all
eight specilications (lable 1) of the respective cale-
gory are mel and if the classification is in conformity
wilh the criteria given in 4.3.2 and 4.3.3,
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Table 1 — Pyranometer specification list

Pyranometer category
Reference
Specification secondary
MHo. avatickard first class second class
Response time:

1 <152 = 30 s =60 s
time for 85 % response
Zero off-set:

2 a) response to 200 W-m~—2 net thermal radiation [ventilated) + TWm? + 15Wm-2 | + 30 Wm-2
b) response la 5 K-h=! ehange in amblent tempearalure + 2 Wm-2 1+ 4 Wm -2 + & W-m -2
Mon-stability;

Ja + 0.8 % +15% + 3%
parcentage change in responsivity per year
Non-linaarity: o ' o

ab percentage deviation from the responsivity at 500 W-m—2 + 0,5 %% + 1% + 3 %
due to the change in irradiance within 100 Wm~2 to
1000 W-m~—2
Directional response (for beam radiation):
the range of arrors caused by assuming that the normal in- g s s

3c cidence responsivily is valid for all directions when measur- | £ 10Wm 1 20 Wm + 30 Wm
ing from any direction a beam radiation whose normal
incidence irradiance is 1000 Wm-2
Snacir;i selectivity:

id percentage deviation of the product of spectral absorptance + 3% + 5% + 10 %
and speclral transmitlance from the corresponding mean
within 0,35 pm and 1.5 pm
Temperalure response;

30 percentage deviation due to change in ambiant lemperatura 2% 4% B
within an inlerval of 50 K
Tilt response:

i percentage devialion from the responsivity at 07 tilt {hori- +05% + 09 + 58
zontal} due to change in tilt from 0° to 90 at 1 000 W-m—2
Irradiance

4.31.2 Classification criteria gory quality control has verified that every

The classification of pyranometers may be applied
to individual instruments or to groups (parlicular
types) of instruments, depending on the category,

A classificalion as secondary standard pyranometer
may only be applied to an individual instrument if it
complies with all the respective specificalions given
in table 1,

A classification as first or second class pyranometer
may be obtained either for an individual instrument
or for a particular type of pyranometer (instruments
identical in design) thal meets the respective spac-
ificalions. A type of pyranometer may be claimed to
be of a parlicular category if the appropriate cate-

pyranometer complies with the respective specifi-
calions.

Pyranomelers may be classified as first class
pyranometers for purposes of solar energy lest ap-
plications if the specifications for azimuthal and
cosine response, firsl class instruments, given in
table 1 are met for the individual instrument.

4.3.3 ldentification of classification

The classilication of a parlicular pyranometer shall
be indicaled by appropriate labelling of the instru-
ment and by a test certificate provided by the issu-

ing laboratory, The issuing test laboratory should be
authorized by IS0,



5 Instruments to measure direct solar
radiation — Pyrheliometers

5.1 General physical design
The main parls of a pyrheliomeler are as follows:

a) the thermal sensor, the plane receiving surface
of which is painted black or has a cavity fo ab-
sorh the incoming radiation;

b} the view-limiling tube {or diaphragm lube, also
called a sky-occluding tube), which defines the
field-of-view geometry {the length / of the lube,
the radius r, of the aperiure and the radius r, of
the receiving surface determine the central
field-of-view angle 2 arctan{r,/f} and the slope

angle arctan[(r, — r}/1]};

c} the adjusiable mount, which causes the
pyrheliometer to follow the sun or permils it io
be adjusted 1o do so. (The adjustable mount can
be an integral part by design of the jnstrument
ar a separate device to allow individual combi-
nation with an appropriate sun-following system.)

To restrict the reguirements on both the accuracy
of the sun-following device and the lenglh of the tube
lo practical limits, the slope angles of commercially
available pyrheliometers are of the ordar of 1°, and
the fleld-of-view angles are about 5" for
pyrheliometers of newer design and up lo about 15°
for those of older design.

Because the sun’s disc has a diameter of 32° as
seen from the Earth, a larger amount of the aurecle,
depending on the content of atmospheric asrosol, is
included in the measurements of direct solar radi-
ation (see 3.3).

The receiving surface of pyrheliometers used for
continuous NMeld measurements is protected against
dirt, insects, wind and other weather phenomena by
a guartz window or a venltilation system,.

Detailed descriptions of the wvarious Iypes of
pyrheliometer are given in [1], [2] and [3].

5.2 Types

5.2.1 Absolute pyrhellometer

Principally an absolule pyrheliometer is a realiza-
fion of the scale of irradiance.

HOTE 10 It is necessary 1o subject such an instrument
to a close examination of its properties by means of lab-
oratory measurements and model calculations to deter-
mine ils deviation from ideal behaviour. This procedure |s
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cailed the "charactarization™ of the instrument and yields
a reduction factor which is used lo transform the outpul
signals to irradiances. The uncertainty in this factor de-
tarmines the absolule accuracy of the instrument.

Absolute pyrheliometers of modern design use cav-
ities as receivers and electrically calibrated differ-
ential heat-flux meters as sensors, They are
operated in either “aclive”™ or “passive” mode. In
the active mode the heat Nux is maintained constant
during both the shaded and the irradiated phase; the
difference in eleclrical power during both phases is
proportional to the radiative power. In the passive
made the electrical heating is maintained only dur-
ing the shaded phase In praclice, when the
pyrheliometer is in the aclive mode the radiation
measurements will be Interrupted perlodically dur-
ing the shaded phases of the measuring series,
while in the passive mode the shaded phase occurs
before the measuring series,

5.2.2 Compensation pyrheliometer

Pyrheliometers of older design (i.e. those withoul a
cavity) which also have electrical substitution of the
incident radiative power are still in common use in
many national and regional radiation centres. These
instrurnents have to be calibrated.

The Angstrém-Compensation-Pyrheliometer, for ex-
ample, is equipped with two adjacent receivers, in
one tube, which funclion alternalely; one receiver is
irradiated by the sun whilst the other is simultane-
ously shaded and electrically heated. This means
that during the shading phase of one recejver, the
measured radiation value of the other can be ob-
tainad,

523 Pyrheliometers without electrical substitution

These pyrheliometers are “relative instruments”
and usually have thermopiles as detectors. They
permit continuous recording of radiation and are
used as field instruments; in most cases they are
provided with a weather-prool enclosure,

5.2 Classification

Pyrhellometers are classified into two groups as
follows:

a) primary standard pyrheliometer;

b) pyrheliometers of lower category.

Only absolute pyrheliometers, whose level of inac-
curacy is essenlially defined by the determinalion
of ils calibration factor and its long-term stability,
may be classified as primary standards,
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531 Primary standard pyrheliometer

5311 An absolute pyrheliometer in accordance
with the WMO specification for a primary slandard
instrument |see clause 2 and annex B) may be
designated as a primary standard for the purposes
of this International Standard.

5.3.1.2 Any absolute pyrheliometer may be desig-
nated as a primary standard for the purposes of this
International Standard If It has been submitied 1o a
"recognized pyrheliometer comparison” (see below)
every 2 years over a period of 4 years and has been
determined 1o function within 0,25 % of the refer-
ence,

For the purposes of this International Standard, a
recognized pyrheliometer comparison shall comply
with the following criteria.

a) The reference shall be established by at least
two primary standards, one of which shall be
submitted periodically 1o the WMQ International
Pyrheliometer Comparison.

b} The metecrological condilions during the com-
parison shall comply with the following specifi-
cations: sky conditions, cloudless; Linke turbidity
factor, less than 5; wind speeds at the instrument
gite, less than 3 m-s—1; air temperalure, grealer
than 0 °C.

c) The data acquisilion system shall have a
5 x 10-5 resolution of 1000 W-m~-2 and should
allow for an evaluation of comparison resubs
between measuring series,

The classification of an absolule pyrheliometer as a
primary standard shall be verified periodically in
recognized pyrheliometer comparisons by tesling
that its responsivity remains within 0,2 % over a
pariod of 2 years.

The historical records of lhe instrument perform-
ance and of ils use in comparisons should be made
available on request.

532 Pyrheliometers ol lower category

Secondary slandard pyrheliometers as well as lirst
class and second class pyrheliomelers are classi-
fied on the basis of the measuring specifications of
the instruments (according 1o their design and qual-
ity of manufacture) and by regulation of the
traceability to the scale.

NOTE 11 The accuracy of solar radiation data measured
by pyrheliomelers depends not only on the class of the
instrument but also on the maintenance and the environ-
mental condilions, Therefore, statements on the overall
measurement uncertainty can only be made on an indi-
vidual basis, taking into account all relevan! factors and
the category of the instrument.

Pyrheliometer specifications are given in table 2.
The specifications are essenlially the same a5 those
used for pyranometers (see 4.3.1) excepl thal the
“directional response” is excluded and the
“traceability” is included.

A specification is fulfilled if the mean value of the
respective test result does not exceed lhe corre-
sponding limiting value of the specification given in
lable 2 for the specific category of instrument,

A pyrheliometer belongs to a specific category if all
eight specifications (table2) of the respective cate-
gory are met and if the classification is in confarmity
with the criteria given in 5.4,

E.4 Classification criteria

The classification of pyrheliometers may be applied
to individual instruments or to groups (particular
types) of instruments, depending on the calegory.

A primary or secondary standard instrument may
only be designaled as such on an individual basis,

A classification as first or second class instrument
may be oblained either for individual pyrheliometers
or for parficular types of pyrheliometers (identical in
design) thal meet the respeclive specifications,
Fossible degradation and drifl in performance shall
be controlled by calibration io verify the classifica-
tion as first and second class pyrheliometers. A type
of instrument may be claimed o be of a particular
category if the appropriate guality control has veri-
fied that every pyrheliometer complies with the re-
spective specificalions.

6 Final remarks

In addition to the classification and specification cri-
teria specified in this International Standard, alten-
tion should also be paid lo the following points o
ensure that instrumenis achieve adequale accuracy
in solar radiation measurement; proper adjustment,
regular mainlenance and the use of recording de-
vices with sufficient sensitivity and stability.



Table 2 — Pyrheliometer specification list
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Pyrheliemeter category

Reference
Specification secondary
No. S first class second class
Responae time;
1 = 153 = 20 s = 3 s
for 95 %% response
Zero ofl-set:
2 £ 1 Wm—2 + 3 Wm2 + B W-m-?
response to § K-h—! change in ambient temper ature
Man-stability:
la + 0.5 % +1% + 2%
percentage change in responsivity per year
Man-linearity:
b percentage deviation from the responsivily at 500 Wm—2 + 0.2 % +05% +2 %
due to the change in irradiance within 100 W-m~2 to
1 000 Wm-2
Spectral selactivily:
Id parcantage deviation of the product of spectral absorplance +05% + 1% + 5 %
and spactral transmittance from the corresponding meaan
within 0,35 pm and 1,5 prm
Temperalure response:
e percenlage deviation due lo changa in ambient lemperalure + 1% +2% +10 %
within an interval of 50 K
Tilt response:
af percentage deviation from the responsivity at 07 titt (hori- + 0,2 % + 0.5 % 4+ 2 %
zonlal) due to change in tilk from 0° to 90° at 1000 W-m-2
irradiance
Traceability; with a pri- with a sec- Rk
o Y i tan. | @ndary stan- s
4 maintained by periodic comparison mary a dard ¥
dard hellortet pyrhaliometer
pyrhaliometer FyFieLoms. or batter
or batler
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Annex A
(informative)

Comments on the specifications given in table 1

NOTE 12  These comments are intended to highlight tha
reasoning for the cholce of test parameters rather than to
describe the datails of the test methods (see note 3 to
4.3.1),

A.1 Response time

Owing lo the fact that in general the thermal bal-
ancing process of pyranometers can only be de-
scribed by several time constants. Llhe settling
behaviour should be characterized by the time dur-
ing which the instrument reaches 95 % of the final
value. The value given by the WMO is 99 %, which
iz clogser to the final value but has a greater uncer-
tainty owing to the off-sels and Is more dependent
on wind speed. However, it should be emphasized
that for accurate measurement of the irradiance of
rapidly changing radiation sources, even the time
taken for 99,5 % of the value should be considered.

A.2 Zero off-set

The effecls {producing zero off-set) mentioned are
only the two most frequent cases. The case of rapid
changes in body temperature, possibly effacted by
cold rain showers, is excluded.

it is acceptable for blowers to be used to meet the
given upper limit values. For this case the blower,
including the mechanical interface, must be com-
mercially available and specified according to the
pars {o be ventilated and the cooling required.

For instance, the specified nel thermal radianl Mux
density of 200 W-m~2 is realized when, at a body
lemperalure of 30 °C, the sky temperature is
=10 °C,

The specified change in body temperature per hour
may occur during the morning of a fine day.

A3 Non-stability

Generally, the reproducibliity In testing the
responsivity of the pyranometer is already within
+05%. Low stability of the pyranometer
responsivity can be compensated for by more fre-
guent recalibrations in accordance with the level of
tolerable uncertainty.

A4 Non-linearity

It is important thal the non-linearily Is specified for
the fotal range of useful irradiances (approximately
100 W-m=2 to 1000 W m—2),

A.5 Directional response (for beam
radiation)

A.51 To ensure that the limiting values are mel,
measurement musl be made of the responsivity rel-
alive to normal Incidence at the following directions;
incidence angles of 307, 407, 507 607, 70° and 80° al
12 azimuth angles ([0°, 30°, B0*, ..., 330°). (The
azimuth angle i = 07 represents the direction of
the cable outlet of the pyranometer.)

A.52 The directionality of a pyranometer is char-
acterized by lhe responsivily for beam radiation as
a function of the direction of the radiation relative lo
the pyranometer, For an ideal pyranometer, the
responsivily, which is the ratio of the signal 1o the
incidenl irradiance, is indepandent of direction. The
variation in responsivity wilth direction in real
pyranometers causes measurement errors. These
occur when either the responsivity varialion or the
angular distribution of the inciden! radiation or bolh
are either unknown or ignored,

In table 1. reference Mo. 3c, the directionality is
specified as an absolute error {in watts per square
mefire) that would be caused by ignoring the
responsivity variation and using the value appropri-
ate for normal incidence when measuring beam ra-
diation whose normal incidence irradiance is
1000 W-m—2,

The mathematical expression for this "1 000 W-m—2
directional error” is

= RA. )
d!ml}{ﬂ- W= 1000 cos EI: —El:—é,=-'b"]— — 1]
where

Aol W) is the 1000 W-m~2 directional error,
in watls per square melre;

(0] is the incidence angle {#=0 is normal
incidence), in degrees;



i is the azimuth angle as in A.51, in de-
grees,

R, ) is the responsivily to beam radiation at
the direction specified @, . in watts per
sguare mefire;

R(f =0) is the normal incidence responsivity, in
walts per square metre,

Another descriplion of the direclionality of a
pyranometer, known as the “cosine error” or
Beasl?, ), Is often used, It is defined as the percent-
age deviation of the responsivity from lhe normal
incidence value,

)
Mool ) = mu[m - 1]

The “"cosine error™ is related to the 1000 W-m—2
directional error” by

Buol0. #)
10 cos #

’Scm{ﬂ- "J!’} =

Laboralory measurements of direcltionality are in-
variably made by subjecting the pyranometer o
beam radiation of constant power while varying the
direction of the beam relative to the pyranometer
The signal S(@, o) is recorded as a function of the
direction. The "1000 W-m~—? directional errar” and
the "cosine error” are then calculated from the
signals according to

SE, )
Aganl ) = ‘rEI}D[ _‘m_._S[H = cos H]

and

_ )
|5r.:'rn{ﬂ~ 'ﬁ'-} hi 1m[ 5{{? = U-} cn‘;"ﬁ' — 1'}

where S(#, ) is the signal, in volts,

IS0 9060:1990({E)

Aqpgg has been chosen to specify the pyranometer
classes in table 1 because it has a number of ad-
vantages over d..., including that

a) itis a slowly varying function of direction,

B it can be measured with approximately the same
precision (=3 Wm-2] at all incidence direclions,
and

c) only one value for each pyranometer class is
naeded to specify the performance over all di-
rections {i.e. 10 W-m-2, 20 W-m-2 or 30 W-m—2)

In addition, since the direct solar beam is never
much more than 1000 W-m=2, Aiqon gives an ap-
proximate maximum limit to the error that might
occur in ordipary outdoor usage owing to the
directionalily of the pyranometer response.

A.6 Spectral selectivity

The direcl measurement of the spectral selectivily
ol a pyranometer would require a special highly
sensitive measuring fechnique. The limits of the
wavelength range given have been delermined us-
ing Schott glass types WG 295 and K5 Il the radi-
ation of incandescenl lamps is applied, the range
greater than 1,5 pm shall also be considered.

A.T Temperature response

The indication of the temperature interval of 50 K
allows uniform classificalion of pyranometars for
various climates,

A.B Tilt response

The lill response shall be delermined under the
most critical conditions, i.e. the most unfavourable
azimuth position of the pyranometer with the use of
an irradiance level of 1000 W m—2,
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Annex B

{informative)

Excerpt from the WMO Guide fo Meteorological Instruments and Methods of Observa-
tion, subclause 9.3.1.1 {primary standard pyrheliometers)

"The following specification should be fulfilled by an
absolule pyrheliometer before it can be designated
and used as a primary standard:

a)

b)

10

At least one instrument out of a series of manu-
factured radiometers has to be fully characler-
ized. The root mean square unceriainty of this
characterization should be less than + 0.25 %,
referred o a full scafe value of 1 KW m-2 The
absolute uncertainty (simple addilion of all indi-
vidual unceriainties) should not exceed + 0.5 %%;

Each individual instrumenl ol the series must be
compared with the one which has been charac-
lerized, and no individual instrument should de-

c)

d)

viate from this instrument by more than the root
mean square uncertainly delermined under (aj;

A detailed description of the resulls of such
comparisons and of the characterization of the
instrument should be made available upon re-
quest:

Traceability of the WRR by comparison wih the
Waorld Slandard Group or some carefully estab-
lished and recognized equivalent is needed lo
prove that the design is within the stale of the art.
The latter Is fulfilled if the WRR lies within the
rool mean square uncerlainty as determined by
{a)."
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Annex C
(informative)

Bibliography
[1] Rosinson, M. (Ed). Solar Radiafion. Elsevier [3] World Meleorological Organization. Revised
Publishing Company, Amsterdam/London/New instruction manual on radiation instruments
York, 1966 and measurements. WCRP Publicalions Series

Mo, 7, WMO/TD-Mo. 149, Geneva, 1986,
[2] Couvsown, K.L. Solar and Terresirial Radiation:
Methods and Measurements. Academic Press,
New York, 1975,

11



ISO 9060:1990(E)

UDC 551.521.1:535.231.6

Descriplors:  solar energy, solar radiation, radiation measurement, radiation reasoring instruments, classification, specifications.

Price based on 11 pages

_—eeeeeees—————————————— e —— e ———————————



