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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. IS0 collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an lnter- 
national Standard requires approval by at least 75 % of the member 
bodies casting a vote. 

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

Annexes A, B and C of this International Standard are for information 
only. 

. . . 
Ill 
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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. 

Accurate solar radiation data are used in meteorology 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- 
fication of these instruments 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 International 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 classification deviate 
from the WMO documents in order to meet the requirements specific to 
solar energy utilization and appliances. 

In particular, this International Standard establishes the regulations 
necessary for the implementation of the classification. 

iv 
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INTERNATIONAL STANDARD IS0 9060:1990(E) 

Solar energy - Specification and classification of instruments 
for measuring hemispherical solar and direct solar radiation 

1 Scope 3.2 global (solar) radiation: Hemispherical solar 
radiation received by a horizontal plane surface. 

This International Standard establishes a classifka- 
tion and specification of instruments for the meas- 
urement of hemispherical solar and direct solar 
radiation integrated over the spectral range from 
0,3 pm to 3 u,m. 

3.3 direct solar radiation: Radiation received from 
a small solid angle centred on the sun’s disc, on a 
given plane. 

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

2 Normative reference 

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

World Meteorological Organization, Guide fo 
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 hemisphe 
received by a 
3 

lrical solar radiation: Solar radiation 
plane surface from a solid angle of 

NOTE 1 More than 99 % of the hemispherical solar ra- 
diation incident at the earth’s surface is contained within 
the wavelength range from 0,3 ttm to 3 llrn. Generally, 
hemispherical solar radiation is composed of direct solar 
radiation and diffuse solar radiation (solar radiation scat- 
tered in the atmosphere) as well as solar radiation re- 
flected by the ground. 

NOTE 2 In general, direct solar radiation is measured 
by instruments with field-of-view angles of up to 15”. 
Therefore a part of the scattered radiation around the 
sun’s disc (circumsolar radiation) is also included (see 
5.1). 

More than 99 % of the direct solar radiation received at 
the ground is contained within the wavelength range from 
0,3 jlm to 3 pm. 

3.4 pyranometers: Radiometers designed for 
measuring the irradiance on a plane receiver sur- 
face which results from the radiant fluxes incident 
from the hemisphere above within the wavelength 
range 0,3 pm to 3 pm. 

NOTE 3 The spectral range given is only nominal. De- 
pending on the materials used for the domes which pro- 
tect the receiving surface of a pyranometer (see 4. l), the 
spectral limits of its responsitivity approximate to the 
limits mentioned above. 

Radiometers which are of design similar to pyranometers, 
but which are equipped with photoelectrical sensors hav- 
ing spectral responsivity which is not as uniform over the 
spectral range as required in table 1 (reference No. 3d), 
are often designated by the name of the sensor, for in- 
stance “Silicon-pyranometer” (or, for short, Si- 
pyranometer). 

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

NOTE 4 It follows from this definition that 
pyrheliometers are used to measure direct solar radiation 
at normal incidence. Typical field-of-view angles of 
pyrheliometers range from 5” to loo. Unlike the 
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windowless instruments, the spectral responsivity of field 
pyrheliometers is limited to the range approximately 
O,3 pm to 3 pm, depending on the spectral transmittance 
of the window which protects the receiver surface. How- 
ever, windowless instruments operate with a loss of en- 
ergy of less than 1 O/o (see note 2 to 3.3). 

3.6 world radiometric reference (WRR): Measure- 
ment standard representing the Sl unit of irradiance 
with an uncertainty of less than + 0,3 % (see the 
WMO Guide to Meteorological %struments and 
Methods of Observation, 1983, subclause 9.1.3). The 
reference was adopted by the World Meteorological 
Organization (WMO) and has been in effect since 
1 July 1980. 

In order to ensure its long-term 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 WMO 
World Radiation Centre at Davos. 

3.7 Linke turbidity factor: Relative measure of the 
attenuation of the direct solar radiation by the total 
atmosphere. It is related to the attenuation by mol- 
ecule scattering only. 

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

4 Instruments to measure hemispherical 
solar radiation - Pyranometers 

4.1 General physical design 

Pyranometers are radiometers used to measure 
hemispherical 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 spectral responsivity 
required for pyranometers (see table 1, reference 
No. 3d). 

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

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 transmittance confines the spectral range 
of responsivity to approximately 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 or two) 9 which cover(s) 
concentric ally the receiving surfa ce, and 

c) the body which is 
nd used as 

often 
scre en, a a ther 

shi elded by a sun- 
!mal reference. 

4.2 Types 

The commonest type of pyranometer 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 active and passive junc- 
tions are quite different in different pyranometer 
models. Generally these sensors are covered by two 
concentric glass domes to achieve a strong atten- 
uation of the off-set generated by thermal radiation. 

Of a special design are the “black-and-white 
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. 

Pyranometers that are self-checking by means of 
electrical substitution of the radiant power are now 
commercially available. However, “absolute 
pyranometers” with cavity receivers (corresponding 
to “absolute pyrheliometers”, see 5.2.1 ) are not yet 
on the market. 

Radiometers with a 2~ field-of-view angle based on 
photoelectric receivers (using silicon photovoltaic 
cells) are available as so-called “Si-pyranometers”. 
Currently such instruments are not able to meet the 
uniformity of spectral responsivity as required for 
classification (see table 1). 

Pyranometers 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 [I], [2] and [3]. 

4.3 Classification 

The classification of pyranometers is based exclu- 
sively on the measuring specifications of the instru- 
ments according to their design and quality of 
manufacture. 

NOTE 5 The accuracy of solar radiation data measured 
by pyranometers depends not only on the category of the 
instrument but also on 
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a) the calibration procedure, 

b) the measurement conditions and maintenance, and 

c) the environmental conditions. 

Therefore statements about the overall measurement un- 
certainty can only be made on an individual basis, taking 
all relevant factors and the category of the instrument into 
account. 

The classification scheme is based on various 
specifications, as given in table I, 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 pyranometer (including the special 
group of first class pyranometer for solar energy 
test appliances); 

c) second class pyranometer. 

NOTE 6 A primary standard is not classified because 
the most accurate determination of global irradiance is 
believed to be the sum of the direct irradiance as meas- 
ured by an absolute pyrheliometer and the diffuse solar 
irradiance as measured by a secondary standard 
pyranometer shaded from the sun by a disc. 

43.1 

Pyra 
lows 

Limiting values of pyranometer specifications 

nometer specifications can be grouped as fol- 

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

b) the zero off-set (a measure of the stability of the 
zero-point specified for the effect of thermal ra- 
diation and for a temperature transient); 

c) the dependence on responsivity resulting from 

1) ageing effects (a measure of the long-term 
stability), 

2) the level of irradiance (a measure of the 
non-linearity), 

3) the direction of the irradiance (a measure of 
the deviations from the ideal “cosine behav- 
iour” and its azimuthal variation), 

4) the spectral distribution of irradiance (a 
measure of the spectral selectivity of 
responsivity), 

5) the 
and 

temperature of the pyranometer body, 

6) the tilt angle of the receiving surface. 

A specification is fulfilled if the mean value of the 
respective test 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 tests. Additional information on the specification 
items is given in annex A . 

NOTES 

7 Table 1 was developed on the basis of the corre- 
sponding WMO classification (see clause 2) which also 
defines three categories of pyranometer, i.e. secondary 
standard, first class pyranometer and second class 
pyranometer. The limiting values given in table 1 are in 
some cases more stringent than those given in the cor- 
responding WMO table owing to the requirements of solar 
energy test applications and to recent improvements in 
measurement techniques. 

8 The “first class pyranometer for solar energy test ap- 
plication” is defined in 4.3.2. 

4 An International Standard deali 
testing pyranometer characteri sties 

w 
iS 

with methods 
in preparation. 

for 

A pyranometer belongs to a specific category if all 
eight specifications (table 1) of the respective cate- 
gory are met and if the classification is in conformity 
with the criteria given in 4.3.2 and 4.3.3. 
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Reference 
No. 

Table 1 - Pyranometer specification list 

Pyranometer category 
Specification secondary 

standard 
first class second cl ass 

1 
Response time: 

time for 95 O/o response 
< 15 s < 30 s < 60 s 

Zero off-set: 

2 

3a 

a) response to 200 W-m-72 net thermal radiation (ventilated) + 7 Wsm-2 + 15 W-m--* + 30 W-m-2 
b) response to 5 K-h--l change in ambient temperature + 2 Wmm-2 - _+ 4 W-m--* + 8 W-m-2 

-- 
Non-stability: 

k 0,8 % + 1,5 % + 3 % - - 
percentage change in responsivity per year 

Non-ii neari ty: 

3b percentage deviation from the responsivity at 500 W-m-2 
due to the change in irradiance within 100 W-m--* to 
1000 W-m-* 

* 0,5 O/o + 1 % + 3 O/o - - 

Directional response (for beam radiation): 

3c 
the range of errors caused by assuming that the normal in- 
cidence responsivity is valid for all directions when measur- * 10 W-m--* + 20 W-m-2 + 30 W-m -2 - - 

ing from any direction a beam radiation whose normal 
incidence irradiance is 1000 W-m-2 

Spectral selectivity: 

3d percentage deviation of the product of spectral absorptance 
and spectral transmittance from the corresponding mean 
within 0,35 pm and 1,5 pm 

+ 3 O/o + 5 O/o - + 10 O/o 

3e 

Temperature response: 

percentage deviation due to change in ambient temperature 
within an interval of 50 K 

2 O/o 4 % 8 O/o 

Tilt response: 

3f percentage deviation from the responsivity at 0” tilt (hori- 
zontal) due to change in tilt from 0” to 90” at 1000 W-m--* 
irradiance 

_+ 0,5 O/o + 2 % + 5 % - 

4.3.2 Classification criteria 

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

A classification as secondary standard pyranometer 
may only be applied to an individual instrument if it 
complies with all the respective specifications 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) that meets the respective spec- 
ifications. A type of pyranometer may be claimed to 
be of a particular category if the appropriate cate- 

gory quality control has verified that every 
pyranometer complies with the respective specifi- 
cations. 

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

4.3.3 Identification of classification 

The classification of a particular pyranometer shall 
be indicated 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 ISO. 
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5 Instruments to measure direct solar 
radiation - Pyrheliometers 

5.1 General physical design 

The main parts of a pyrheliometer are as follows: 

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

b) the view-limiting tube (or diaphragm tube, also 
called a sky-occluding tube), which defines the 
field-of-view geometry {the length I of the tube, 
the radius ra of the aperture and the radius rr of 
the receiving surface determine the central 
field-of-view angle 2 arctan and the slope 
angle arctan[(r, - Q/Z-J}; 

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

To restrict the requirements on both the accuracy 
of the sun-following device and the length of the tube 
to practical limits, the slope angles of commercially 
available pyrheliometers are of the order of lo, and 
the field-of-view angles are about 5” for 
pyrheliometers of newer design and up to 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 aureole, 
depending on the content of atmospheric aerosol, is 
included in the measurements of direct solar radi- 
ation (see 3.3). 

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

Detailed descriptions of the various types of 
pyrheliometer are given in [I], [2] and [3]. 

called the “characterization” of the instrument and yields 
a reduction factor which is used to transform the output 
signals to irradiances. The uncertainty in this factor de- 
termines the absolute 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 “active” or “passive” mode. In 
the active mode the heat flux is maintained constant 
during both the shaded and the irradiated phase; the 
difference in electrical power during both phases is 
proportional to the radiative power. In the passive 
mode the electrical heating is maintained only dur- 
ing the shaded phase. In practice, when the 
pyrheliometer is in the active mode the radiation 
measurements will be interrupted periodically dur- 
ing the shaded phases of the measuring series, 
while in the passive mode the shaded phase occurs 
before the measuring series. 

52.2 Compensation pyrheliometer 

Pyrheliometers of older design (i.e. those without 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 
instruments have to be calibrated. 

The Angstram-Compensation-Pyrheliometer, for ex- 
ample, is equipped with two adjacent receivers, in 
one tube, which function alternately; 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 receiver, the 
measured radiation value of the other can be ob- 
tained. 

5.2.3 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-proof enclosure. 

5.3 Classification 
5.2 Types 

Pyrheliometers are classified into two groups as 
follows: 

5.2.1 Absolute pyrheliometer 
a) primary standard pyrheliometer; 

Prin cipally an absolute PYrhe 
tion of the scale of irrad iance. 

liometer is a realiza- 

NOTE 10 It is necessary to subject such an instrument 
to a close examination of its properties by means of lab- 
oratory measurements and model calculations to deter- 
mine its deviation from ideal behaviour. This procedure is 

b) pyrheliometers of lower category. 

Only absolute pyrheliometers, whose level of inac- 
curacy is essentially defined by the determination 
of its calibration factor and its long-term stability, 
may be classified as primary standards. 
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