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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. 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-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. 

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 % of the membel 
bedies casting a vote. 

International Standard ISO 9845-1 was prepared by Technical Committee 
ISO/TC 180, Solar energy, Sub-Committee SC 1, Climate -- Measurement 
and dafa. 

ISO 9845 consists of the following Parts. under the general title Solar 
energy - Reference solar spectral irradiance at the ground at different 
receiving conditions: 

-- Part 1: Direcf normal and hemispherkal solar irradiance for air 
mass 1,5 

Annexes A, B, C and D of this part of ISO 9845 are for information only. 

. . . 
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Introduction 

Absorbance, reflectance and transmittance of terrestrial solar energy 
are important factors in solar thermal System Performance, photovoltaic 
System Performance, materials studies, biomass studies and solar 
Simulation activities. These Optical properties are normally functions of 
wavelength, which requires that the spectral distribution of the solar flux 
be known before the solar weighted propet-ty tan be calculated. In Order 
to compare the Performance of competitive products, a reference stan- 
dard solar spectral irradiance distribution is desirable. 

The tables in this part of ISO 9845 provide spectral irradiance data. 
These modelled data, based on conditions selected in ASTM E 891-87, 
Terrestrial direct normal solar specfral irradiance for air mass 1,5, and 
ASTM E 892-87, TerrestriaI direct normal solar specfral irradiance at air 
nlass 1,s for a 37” tilted surface, form the subject of the first of a series 
of Standards dealing with spectral irradiance at different receiving con- 
ditions such as different albedos, tilt angles, etc. 

The tables in this part of ISO 9845 are modelled data that were gener- 
ated using a Zero air mass solar spectrum based on the revised 
extraterrestrial spectrum of Necke1 and Labs[ll, the BRITE PJ[41 Monte 
Carlo radiative transfer Code, and the 1962 US Standard Atmosphere[sl 
with a rural aerosol [GI [71[81. Further details are presented in annex A. 

The extraterrestrial spectrum that was used to generate the terrestrial 
spectrum was provided by Fröhlich and Wehrli[ll and is a revised and 
extended Necke1 and Labs[*] spectrum. Necke1 and Labs revised their 
spectrum by employing newer solar limb-darkening data to convert from 
radiance to irradiance, as reported by Fröhlichi~l, citing the study by 
Hardorp[lO]. Comparisons by Fröhlich with calibrated sunphotometer 
data from Manua Loa, Hawaii[li], indicate that this new extraterrestrial 
spectrum is one of the best currently available. 

The development of the terrestrial solar spectrum data is based on work 
reported by Bird ef al. [1*1[131. In computing the terrestrial values using 
the BRITE Monte Carlo radiation transfer Code, the authors cited took 
the iterations to 2,450 0 prn only. The spectrum is extended to 
4, 045 0 Pm using sixteen KJ. values from ASTM E 891-87 and 
ASTM E 892-87. Irradiance valu& in ASTM E 891-87 were computed 
from the extraterrestrial spectrum. The additional data Points were 
added to account for the solar irradiance in this region which accounts 
for approximately 1,5 % of the total irradiance between 0,305 0 ilrn and 
4,045 0 Pm. 

Further Parts of ISO 9845 will consider recent improvements in the basic 
data and modelling techniques leading to better accuracy. 

iv 
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Single aberrant values (caused by e.g. unsuitable 
shading methods) shall not be considered for the 
tables in this part of ISO 9845. 

5 Standard data of direct normal solar 
irradiance, hemispherical solar irradiance 
on an equator-facing, 37” tiited plane and 
normalized hemispherical solar irradiance 

Table 1 presents: 

- direct normal solar spectral irradiance in the 
wavelength range from 0,305 0 Lim to 
4,045 0 pm; 

-- hemispherical solar spectral irradiance, incident 
on a 37’ tilted plane, equator-facing; 

- normalized solar spectral irradiance (normalized 
to solar irradiance of 1 000 Wem *), 
hemispherical. 

The values in table 1 relate to AM = 1,5 between 
surface-plane and sun, and a field-of-view angle of 
5,8O (ground albedo: 0,2). 

The columns 
pa t-a mete t-s: 

in table 1 give values for the following 

- column 1: wavelength Rj in i.lrn; 

- colurnns 2, 5 and 8: mean value of spectral ir- 
radiance /$. in Watts per Square tnetre per 
micrometre, Wni - *+im. ; 

-- columns 3? 6 and 9: integrated 
1 $ ), in Watts per Square metre, ‘1 

solar irradiance 
W.m-- *; 

- columns 4, 7 and 10: the fraction 1;;. of solar ir- 
radiance in the wavelength range 0 t’o hi. 

NOTE 5 There is an insignificant amount of radiation 
reaching the earth’s surface at wavelengths below 
0,3 ltrn. See also the Plots of solar irradiance in figures 
C.l and C.2. 

Table 2 presents 100 selected ordinates for: 

- direct normal solar spectral irradiance in the 
spectraI range from 0,305 0 Pm to 4,045 0 pm in- 
cident on a tilted plane; 

- hemispherical solar spectral irradiance incident 
on a 37’ tilted plane! equator-facing. 

The values in table 2 relate to AM = 1,5 between 
surface-plane and sun, and a field-of-view angle of 
5,8O (ground albedo: 0.2). 

The columns in table 2 give the values for the fol- 
lowing paranieters: 

- column 1: the fraction 
the wav ‘elength range 

]“rk of solar irradiance in 
0 to lk; 

- columns 2 and 4: integrated solar irradiance 
1 $ jk in Watts per Square metre, Wm-.*; 

- columns 3 and 5: wavelength R, in micrometres, 
pt71 * 

Table 3 presents 50 selected 
Parameters qiven in table2. . 

ordinates for the Same 
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