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ISO 9059:1990(E) 

Fsrevvord 

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. Esch 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-governmentaj, in liaison with ISO, also take part in the 
work. ISO collaborates closely with the International Eiectrotechnical 
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 Inter- 
national Standard requires approval by at least 75 O/o of the member 
bodies casting a vote. 

International Standard ISO 9059 was prepared by Technical Committee 
ISO/TC 180, Solar energy. 

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

. . . 
Ill 
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Introduction 

This International Standard is one of a series of International Standards 
specifying methods and instruments for the measurement of solar radi- 
ation. 

Pyrheliomete rs are us 
collected are used for 

ed to measure direct solar irradiance. The data 

-- the determination of the efficiency of concentrating collectors, 

- the determination of the direet beam resource for concentrating solar 
energy devices as weil as for determining their siting, sizing, etc., 
and 

- the ac 
sf the 

curate 
measu 

determination o 
red direct solar 

f hemispher 
and diffuse 

kal solar 
solar rad 

ion as a sum radiat 
iation. 

The calibration hierarchy of pyrheliometers specified in this lnter- 
national Standard follows the scheme developed by the World 
Meteorological Organization (WMO) [l], and the classifkation and 
specifkation used are prescribed in ISO 9060. During the elaboration of 
this International Standard, extensive reference was made to 
ASTM 816-81 [2-J. 
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INTERNATIONAL STANDARD ISO 9059:1990(E) 

Solar energy - Calibration of field pyrheliometers by 
comparison to a reference pyrheliometer 

1 Scope 

This International Standard describes the calibration 
of field pyrheliometers using reference pyrheliom- 
eters and sets out the calibration procedures and 
the calibration hierarchy for the transfer of the cali- 
bration. 

This International Standard is mainly intended for 
use by calibration Services and test laboratories to 
enable a uniform quality of accurate calibration fac- 
tors to be achieved. 

2 Normative reference 

The following Standard 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. All Standards 
are subject to revision, and Parties to agreements 
based on this International Standard are encour- 
aged to investigate the possibility of applying the 
most recent edition of the Standard indicated below. 
Members of IEC and ISO maintain registers of cur- 
rently valid International Standards. 

ISO 9060:1990, Solar energy - Specification and 
classifica tion of instruments for measuring 
hemispher-ical solar and direct solar- radiation. 

3 Definitions 

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

3.1 direct solar radiation: Radiation received from 
a small solid angle centred on the sun’s disc, on a 
given plane. [ISO 9060:1990, 3.3.1 

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

NOTE 1 It follows from this definition that pyrheliom- 
eters are used to measure direct solar radiation at normal 
incidence. Typical field-of-view angles of pyrheiiometers 
range from 5O to 10°. Unlike Ifhe windowless instruments, 
the spectral responsivity of field pyrheliometers is limited 
to the range approximately 0,3 IIrn to 3 kirn, depending on 
the spectral transmittance of the window which protects 
the receiver surface. However, windowless instruments 
operate with a loss of energy of less fhan 1 O/o (see 
ISO 9060:1990, note 2 to 3.3). 

3.3 field pyrheliometers: Pyrheliometers which are 
designed and used for long-term field measure- 
ments of direct solar radiation. These pyrheliom- 
eters are weather-proofed. The receiver is protected 
from wind, dir-t, rain, snow and insects by a window 
(made of quartz) or alternatively by a System en- 
suring strong Ventilation with air. 

3.4 reference pyrheliometers: Pyrheliometers of 
any category serving as a reference in calibration 
procedures. They are selected and weil-tested in- 
struments (see ISO 9060:1990, table 2), which have 
a low rate of yearly Change in responsivity. They are 
controlled on a routine basis by comparisons with 
other reference pyrheliometers. 

NOTE 2 Generally, reference pyrheliometers are oper- 
ated without protective windows. 

To achieve the above-mentioned stability of the 
responsi tivi ty, the use of a reference pyrheliometer 
should be restricted to comparisons and calibration ac- 
tivities. The instrument should be stored carefully in a 
laboratory under moderate ambient conditions. 

3.5 primary Standard pyrheliometers: Pyrheliom- 
eters, selected from the group of absolute pyrheli- 
ometers (also called absolute radiometers), which 
meet the requirements of ISO 9060:1990, 5.3.1. 

3.6 secondary Standard pyrheliometers: Pyrheliom- 
eters of high precision and stability whose cali- 
bration factors are derived from primary Standard 
pyrheliometers. The group comprises absolute pyr- 
heliometers, which do not fulfil the requirements of 
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primary Standard pyrheliometers, as weli as com- 
pensation pyrheliometers and some other precise 
but out-dated instruments such as the silver disk 
pyrheliometer. (See also ISO 9060:~990, 5.3.2.) 

3.7 first class and second elass pyrkeliometers: 
Byrheliometers of a lower stability and accuracy 
than secondary standard pyrheliometers. Generally 
the group sf field pyrheliometers belongs to this 
category. (See also lS0 9060:.1990, 53.2.) 

NOTE 3 These instruments are sometimes used as so- 
calted “working Standards” because they at-e simple to 
operate and arc Yess dependent on weathes conditions 
than the higher category instruments. Such working stan- 
dards should be compared with pyrheliometers of higher 
category as frequently as possible. 

4 Calibration hierarchy of pyrhdiometers 

Phe following calibration hierarchy of pyrheliom- 
eters shall apply. 

All pyrheliometers shali be referred to the World 
Radiomeltric Reference (WRR) (see also 
ISO 9060:199Q, 3.6). 

Primary Standard pyrheliomefers shall be referred 
to the WRR by comparison with selected groups of 
weil-maintained primary Standards (see 
ISO 9060:1990, 5.3.1). 

Primary Standard pyrheliometers shall be used as 
reference for the calibration 0% secondary Standard 
pyrheliometers and may be used as reference for 
firsf class and second class pyrheliometers. 

The reference for calibration of any pyrheliometer in 
first class or second class categories shall be a 
pyrheliometer in the same or higher category. 

If the reference pyrheliometer and the pyrheliometer 
being calibrated are in the Same category, they shall 
be Brom the Same manufacturer and shall be of the 
Same model, and the reference pyrheliometer shall 
have been caiibrated using a higher category 
pyrheliometer as its reference. 

NOTE 4 lt is recommended that more than one refer- 
ence instrument be used in the case where the reference 
is of the Same categary as the pyrheiiometer being cali- 
brated. 

5 Calibration requirements 

The calibration of a field pyrheliometer by means of 
a reference pyrheliometer is accomplished by ex- 
posing the two instruments to the Same radiation 
field and comparing their corresponding measuring 
Signals. The calibration shall meet the requirements 
with respect to 

--- ahe lim its of me teoroloqical Varia 
ration procedure, 

bles acceptable 
during the calib and 

- the choice of measuring equipment. 

5.1 Radiation ~0urce 

Yyrheliometers shall be exposed to the radiation 
field comprising direct solar radiation and Parts of 
the circumsolar radiation. The irradiance should be 
not less than 300 W-m--2, bult irradiance values ex- 
ceeding 700 W-m--* arc preferred. The calibration 
conditions, in terms of the circumsolar contribution, 
shall be as close as possible to the routine measur- 
ing condifions in which the field pyrheliomeler is 
used (see 5.2.3). 

5.2 Meteordogical variables 

52.1 Wind Speed 

The wind Speed during the calibration should be 
low, particularly when ihe wind is blowinq from the 

L direction of the sun’s azimuth (-t 300). -- 

NOTE 5 Because of wind cooling, pyrheliometers with 
open tubes yield Sower measuring values with a higher 
Standard deviation. ?he magnitcrde of this effect depends 
on fhe type of pyrheliometer, and especially on the design 
of the diaphragms in the tube. 

The wind-cooling effect may be reduced by instailing wind 
screens. For instance, it may be beneficial to carry out the 
measuremenß fram a balcony or an open window. A tof- 
erable maximum wind Speed for unprotected measure- 
ment conditions cannot be specified. 

52.2 Ambient air temperature 

In Order to determine the Cemperatut-e dependence 
of the ca?ibration factor, if it is not already known 
f’rom laboratory tests, fhe calibrafion should be car- 
ried out over a range of ambient air temperatures 
covering a Iarge part sf the temperature range 
which is typical for the field application. 

5.2.3 %ky conditisns 

During calibration, clouds should have an angular 
distance from the sun of greater than 15O. Generally, 
good calibration conditions exist when the cloud 
cover is less than 12,5 %. 

NOTES 

6 Contrails of aeroplanes that are within W ’ of the sun 
may be tolerated if the number of disturbed instantaneous 
measurements is small compared with the number of un- 
disturbed measurements in a series (see 6.3.2). 

- the choice of the radiation Source, 
7 Atmospheric water vapour in th e pre-condensation 
Ph ase occasion ally ca uses var ,iable atmospheric trans- 
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mission. Generally, the stattering 
which is produced by these clusters i 

of mea S uring 
s accept a ble. 

The atmospheric turbidity during calibration should 
be close to values typical for the field measuring 
conditions. Generally, the turbidity should be con- 
fined to conditions with Linke turbidity factors lower 
than 6 (see 6S0 9060:1990, 3.7). 

NOTE 8 Atmospheric turbidity is produced by stattering 
and absorption sf direct solar radiation by aerosol parti- 
cles and gases including water vapour. 

The circumsslar radiation (aureole) originates from for- 
ward stattering sf direct solar radiation. It decreases from 
the 6imb of the sun to an angular distance of about 45” by 
some orders of magnitude, depending on the type and 
concentration of the aerosol (See, for example, [3], [4] 
and [SI). The typical amount of circumsolar radiation 
within an angular distance of !Y’ from the sun represents 
only a few per cent of the direct solar radiation. ld stan- 
dar-d and field pyrheliometers have different fieid-of-view 
angles, the aerosol may strongly influence the accuracy 
of calibration. Calcufated percentages of circumsolar 
contained in direct solar radiation, for different aerosol 
types and solar elevation angles [4], are given for infor- 
mation in table A. 1. 

NOTE 9 WVhen operating a digital Voltmeter outdoors its 
accuracy may be influenced by the ambient temperature. 
Protection of the instrument from direct sunlight is re- 
commended. When operating a digital Voltmeter indoors, 
low-noise cabling should be employed owing to the Ienqth \ 
of the cable. 

The data logger System should have at least a four- 
channel capacity including the Provision for the re- 
cording of temperatures. The read-out of the 
pyrheliometer Signals shall be synchronous within 
1 s and the rate of instantaneous measurement 
should be between 1 per 30 s and 1 per 120 s. If the 
data logger is able to deliver integrated 
pyrheliometer- Signals, the integration time should 
be not longer than about 20 min. 

6 Calibaation procedure 

The calibration procedure comprises the prepara- 
tion of the equipment, the data sampling and the 
mathematical treatment. 

6.1 Preparation 

6.3.1 Installation 
5.3 Measusing equipment 

53.1 eference pyrheliismeter 

The reference pyrheliometer should be selected in 
accordance with the cafibrafion hierarchy given in 
clause 4. Furthermore, it shou6d have a fie6d-of-view 
angle and a slope angle (see ISO 906OA990, 5.1) 
similar to those of the field pyrheliometer. 

53.2 aun Qaacker 

Sun trackers delivering separate rnovements in ele- 
vation and azimuth (altazimuth mount) as weil as 
trackers turning ttle pyrhe6iometer in Parailei with 
the solar equatorial plane (equatoria6 or parallactic 
mount) may be used. 

PyrheIiometers with a rotationally non-symmetric 
Sensor should fol6ow the sun without rotation of the 
receiver around the tube axis. Therefore, in this 
case, only altazimuth trackers shall be used. The 
admissible misalignment sf the sun tracker shall be 
less than the slope angle sf ttae pyrheliometer minus 
0,25? 

linstall and align the reference and the field pyrheii- 
ometers either together on one, or separately on 
two, sun-tracking mount(s) at least 30 min Prior to 
starting the first measuring series (this 30 min in- 
terval allows equilibrium of the instruments with the 
ambient air temperature). Ensure that the distance 
between separately mounted instruments is less 
than 20 m. 

NOTES 

10 The sun trackers(s) may be operated manualiy. 

11 Large distances between instruments tan influence 
the results because of the inhomogeneity of the direct 
irradiance due to structured turbidity elements in the at- 
mosphere. 

Connect and switch on the data acquisition System 
to allow it to warm up at least 30 min Prior to taking 
measurements. Fo66ow all installation and opera- 
tional procedures specified in applicable instruction 
manuals. 

6f required, install wind screens around or in front 
of the pyrheliometers that have open occluder or 
diaphragm tubes to prevent high Speed Winds 
(gusts) from disturbing the measurements. 

53.3 Data acquisition 
6.1.2 Adjustments and tests 

Digital voltmeters capable of at least O,O5 % resol- 
ution of the maximum pyrheliometer reading shall 
be used for the read-out of the pyrheliometef 
Signals. They shall have an accuracy, stable over at 
least 1 year and including temperature-generated 
drift, of better than + 0,1 %. - 

Adjust the pyrheliometers on their trackers, and the 
trackers, to align the instruments to the sun imme- 
diately Prior to beginning the calibration measure- 
ments. Use the diopters or the sighting mechanisms 
provided for this purpose. 
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. . . 0 
Carry out the Checks for Zero-Point, polarity and 
nominal strength of Signals, and reference voltages 
in accordance with the applicable instruction manu- 
als. 

6.4.3 Cleaning 

Clean the windows of enclosed pyrheliometers Prior 
to taki ng measurements. 

6.2 Data sampling 

Divide the measuring period into a minimum of IO, 
and preferably 28, data-taking sequences (measur- 
ing series or Sets) 10 min to 20 min in length. Spec- 
ify each series by the applicable mean solar 
eievation angle, the mean air temperature and the 
mean value of the atmospheric turbidity. 

Take and record a minimum of IO instantaneous 
readings or at least 1 integrated value during each 
measuring series. 

NOTES 

12 If it is necessary to determine the dependence of 
calibration factors on Parameter values such as temper- 
ature, turbidity, solar elevation, etc., carry out a larger 
number of rneasuring series than specified above. 

13 Owing to the Operation mode of reference pyrheli- 
ometers it is frequently not possible to compare values 
which have been integrated over periods of longer than 
a few seconds. In this case, the minimum number of inte- 
grated data readings should also be 10. 

Measure ze 
immediately 
ries. 

ro-poi nts an d other re ference values 
befor ‘e and after each measuring se- 

Determine the Standard deviations of the measured 
values from the reference and from the field instru- 
ment within each series and between the average 
values of each series in Order to determine the reli- 
ability of the data recorded (see 6.3.3). 

Record all operational Problems as weil as any 
special environmental conditions and experimental 
arrangements in a log-book. 

6.3 Mathematical Treatment 

6.3.1 Determination of calibration factor 

6.3.3.1 From each reading i within a measuring 
series j, calculate 

F(i, j) = b4il .il 

v,,(i~ J1 

where 

fisP(i,.j) are the irradiance values of direct. solar 
radiation given by the reference 
pyrheliometer; 

&,(i,j) are the Signals of the field pyrheliometer 
(Zero-value subtracted as specified in the 
instrument operation instrucfions). 

6.3.4.2 Determine the preliminary calibration factor 
F((/] of the field pyrheliometer from the n readings of 
a measuring seriesj using the following formula: 

n 
L fGP(iii) 

-7 . 10) i= 1 f - --- -- n . . . (2) 
c v,,G¶ .i) 
i- 1 

6-3.1.3 Derive the final calibration factor 1;’ of the 
Geld pyrheliometer from the total number r77 of 
measuring series using the formula: 

r 1 m -.. <- - - - I-n c l(l) < . . . (3) 
j, 1 

6.3.2 Data rejection 

If it has been noted in the loq-book that data have 
been subject to operational L Problems, reject the 
corresponding data ft-sm all pyrheliometers. 

Als0 reject the data if F(i,j) [see equation (1)] devi- 
ates by more than + 2 % from F’(j) [see - 
equation (2)]. 

NOTE 14 According to experience, a deviation of 2 % 
indicates a disturbed value (see also the rejection proce- 
dure given in [KJ. 

Calculate the value of F(j) using the “filtered” data 
and the final calibration factor F [using 
equation (3)] from the “filtered” data. 

6.3.3 Statistical analysis 

As a measure of the stability of the calibration con- 
ditions during a measuring series, determine the 
Standard deviation of the F(i,j) values from the F(,$ 
values. Retermine the Standard deviation of the F(j) 
values from the F values; these represent the sta- 
bility of the instrument and of the conditions during 
the whole calibration period. 
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7 Uncertainty a) the calibration method (reference); 

If the reference pyrheliometer is not a primary stan- 
dard pyrheliometer, the uncertainty in the derived 
calibration factor of the field pyrheliometer is addi- 
tionally influenced by the uncertainty in the cali- 
bration factor of the reference Standard used (this is 
the so-called transfer uncertainty). 

The uncertainty in the primary Standard 
pyrheliometer is approximately + Q,3 % (IG). The 
transfer uncertainties depend on tie meteorological 
conditions and on the Performance of the 
pyrheliometer, and in particular on the distribution 
of circumsolar radiation and the view angle of the 
pyrheliometer. The uncertainty is lowest when all 
pyrheliometers in the chain of calibration transfer 
have the Same view (and slope) angles or when the 
circumsoiar radiation is small and strongly forward 
directed. 

The mean uncertainty in the calibration procedure 
of a secondary Standard pyrheliometer is approxi- 
mately + 0,3 %. - 

The uncertainty in the derived factor of a field 
pyrheliometer depends on the types of instruments 
and on the conditions during calibration. 

NOTE 15 The influence of circumsolar radiation on the 
resul ts of Angström-Compensation-Pyrheliometers is 
dealt with in [7] and [8]. 

8 Documentation 

8.1 Certificate of calibration 

The certificate of calibration shall state at least the 
following information: 

b) the manufacturer, type, model and serial numbet 
of the field pyrheliometer; 

c) the manufacturer, type, model and serial number 
of the reference pyrheliometer; a concise state- 
ment of the traceability of the calibration factor 
of the reference pyrheliometer to the primary 
reference pyrheliometer (WRR) shall be given; 

d) the calibration conditions, i.e. the range of mean 
air temperature, the range of solar elevation an- 
gles, the range of turbidity (e.g. Linke turbidity 
factor), the range and the arithmetic mean vaiue 
of the wind Speed, and the range of irradiances; 

e) the number of evaluated Single measurements 
and the num be r of measu ring days; 

f) the results of the calibration derived from 
6.3.1.3, which should be given as a calibration 
factor expressed in appropriate units, e-g. watt 
per Square metre per millivolt (W.m-*-MV-l). Fot- 
some types of pyrheliometer the physical unit 
may differ from that stated. In special cases, 
however, arithmetic mean values may be given 
as a function of meteorological variables. (The 
scale used should be that of the World 
Radiometric Reference (WRR), see [IJ) 

8.2 Data storage 

The raw data obtained during the calibration should 
be stored for at least 5 years, or until the next suc- 
cessful calibration has been completed, but prefer- 
ably for the life of the instrument- 
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