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,--------- LEGAL NOTICE ---------. 
This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the Depart
ment of Energy, nor any of their employees, nor any of their con
tractors, subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, appa
ratus, product or process disclosed, or represents that its use would 
not infringe privately owned rights. 
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OBJECTIVE 

The primary objective of this project is to pro
vide solar radiation measurements necessary for accu
rate prediction of the performance of solar energy 
conversion systems employing concentrating collectors. 
Pyrheliometers, the standard instruments used.to es
timate the "direct" solar flux, typically have a field 
of view of 6° (compared to the 1/2° angle subtended by 
the sun) and thus include a substantial portion of the 
cir.cumsolar radiation within the measurement. Depend
ing on the solar application, the pyrheliometer 
measU'rement either underestimates or overestimates the 
amount of solar radiation that would be collected. 
This project will obtain accurate measurements of the 
true "direct" solar flux from the sun's disc and also 
the detailed radiation from the circumsolar region be
tween the edge of the sun's disc and the 6° field of 
view of a pyrheliometer. 

CONCEPT 

The measurements are made by scanning telescopes 
that determine the flux of.energy from the sun and 
the circumsolar region (the small-angle region around 
the sun) as a function of angle, wavelength, and at
mospheric conditions. The circumsolar radiation a
rises from forward scattering of sunlight from aero
sols, ice crystals, or water droplets in thin"clouds, 
This dependence on meteorological variables leads to 
large regional and seasonal variations. The angular 
and wavelength measurements provided by the project 
allow detailed considerations of the actual perfor
mance of the concentrating system. The data can be 
used as fnput to optimization of receiver sizes, 
characterization of a site or regi.on, and comparisons 
between competing designs at a given location. 

. SUHMARY ·---·---
rhe major accomplishments of this project include 

tile dc!>ign, n>nst ruction, .and d~:ployme;~t r>f four eo;r,
plet:e circumsolar telescope systPms, The telescopes 
have hN'n maintained and data have bec•u collect<•d frnt~ 

a total of nine sites over the past twn years. The 
data upon reaching LBL have been compiled, validated 
and analyzed for dissemination to DOE and other users. 
LBL has been collaborating with other national labora
tories to quantify the impact of circumsolar radiation 
on specific solar collector designs. Requests for 
data from a wide variety of solar users have been ful
filled. 

*During fiscal year 1978 this project was co.,-sponsored 
by the Solar Heating and Cooling Research and Develop
ment Branch, Office of Conservation and Solar Applica..-. 
tions; and Solar Thermal Power Systems, Division of 
Solar Technology, Office of Energy Technology; both 
of the U.S. Department of Energy. 
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TECHNICAl" ACCOHPLISHMENTS 

• Four instruments systems have been constructed, 
each of which contains a "scanning telescope" to make 
the circumsolar measurements, and includes standard 
solar and meteorological instruments. The telescopes 
were developed at LBL. They are deployed at sites of 
interest to various DOE programs utilizing concentra
ting collectors systems. The telescopes remain more 
or less in the same .place for a period on the order of 
a year, so that seasonal variations can be quantified. 
Some of the instruments have been operated at one site 
for longer periods of time in order to examine year
to-year variations. The instrument systems are suf
ficiently portable that they can be used for short
term measurements in support of other DOE solar pro
jects. The instruments were first deployed in 1976 
and have operated for a year or more at the following 
sites: Albuquerque, NM, China Lake, CA, Barstow, CA, 
Ft. Hood, TX, Argonne, IL, Atlanta, GA, and for short-. 
er periods at Berkeley, CA, soardman, OR, and Col
strip, MT. 

• The data from the instrument systems are stored 
and processed at LBL with the results made available 
to the various solar concentrating collector projects 
in a form appropriate to each project. These forms 
include: 1) sample scans of the telescope for a par
ticular time (e. g. , when a nearby heliostat was opera
ting) or for a variety of .conditions (clear, hazy); 
2) variation in solar and circtmsolar radiation over 
the course of a day, month or year; and 3) detailed 
data suitable for input to computer-based simulations 
of solar energy conversion systems. Once they are in 
this form, the data can be used to help optimize the 
solar system design (e.g., by influencing the choice 
of receiver apert.ure size), or help determine the size 
of a heliostat ·field necessary for a specified power 
output, 

• In addition to the more detailed data sets, a 
serit's of <;tud1es ha.<; sumnFnii·cd the <1Vf•r<Jge and in
statltaneous amounts of ci.rcumsolar radiation at cad1 
of the long-term si.t•:<s. The H!f;ults of thcs•~ stud·ies 
are given in a series of thn•e reports. The contPnts 
of the first report permit a rapid evaluation of the 
effects of· circumsoL1r rad:iation on: 1) the average 
errors in pyrheliometer readings; 2) the energy los
ses from idealized collectors with varying angular 
aperatures and insolation thresholds; and 3) average 
time of day variations for several climate types. 
These data are presented on a monthly basis for peri
ods a year or more for each site. Tiw second report 
presents data on the instantaneous values of circum
solar radiation and indicates that in mid-day substan
tial amounts of circumsolar radiation are often pre
sent. The third report addresses the average sensi
tivity to circumsolar radiation of two conceptual de
signs for a 10 MWe solar pilot plant, 



FUTURE ACTIVITIES 

Continued data collection is planned to character
he circumsolar effects in other climate types of in
terest for solar energy collection. Analysis of the 
data in cooperation with other DOE laboratories, will 
be expanded to determine the impact of circumsolar 
radiation on line focus receivers, the relative ef
ficiencies of imaging and non-imaging solar collect
ors, the design of large scale solar thermal power 
plants, and the performance of concentrating photo
voltaic collectors. 

In particular, SERI (Solar Energy Research In
stitute) has been requested by DOE to undertake the 
analysis for solar thermal applications. SERI's ini
tial study considered only one axis concentrators and 
non-imaging concentrators (e.g., CPC's). Collabora
tion is continuing with Sandia Laboratories at Liver
more and Albuquerque to determine effects of circum
solar radiation on large solar central power systems 
and the 5 MW STTF. In addition, interest has been ex
pressed by Sandia Albuquerque in the spectral data for 
application in determining the performance of concen
trating photovoltaic systems. 

Other work underway will provide an automatic 
sunphotometer that mounts directly on the circumsolar 
tele~cope, to study whether a relationship exists be
tween the data from the previously established network 
of sunphotometers and the amount of circumsolar radia
tion. 

A correlation analysis will examine whether some 
combination of routinely measured solar/meteorological 
variables, together with a model, can provide adequate 
estimates of circumsolar radiation for some applica~ 
tions in the solar prpgram. 

Another analysis will investigate whether the 
circumsolar radiation can be characterized by a small 
number of parameters that can be measured by simpler 
instruments. If so, a simplified instrument would be 
designed to take advantage of the fact. Construction 
and testing of a prototype instrument would indicate 
whether it would be suitable for commercial manufac
ture. 
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