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Progress toward an Updated
National Solar Radiation Data Base (NSRDB)

Steve Wilcox—National Renewable Energy Laboratory

NSRDB Background

In 1992, the National Renewable
Energy Laboratory (NREL) in
conjunction with the Nationd Climatic
Data Center (NCDC) published the
1961-1990 Nationa Solar Radiation
Data Base (NSRDB). This 30-year data
st contained data from 239 Nationd
Westher Srvice (NWS) gtations across
50 states, Puerto Rico and Guam. The
NSRDB provided seridly complete
sunup records of hourly modeled and
measured solar radiation and
meteorological observations.

NSRDB Update

In response to many inquiries, NREL
began an invegtigation into an updated
NSRDB that would expand the period
of record through the year 2000. As
ealy as 1995, NREL consdered an
updated product after users expressed
the need for access to more recent data
But a tha same time a sgnificant
change was underway a the NWS with
the deployment of the Automated
SQurface Observing System (ASOS).
ASOS became a mgor obstacle for an
updated NSRDB since it subgtituted
cellometers for the observer based
cloud observations used in generating
the NSRDB. Many stations had dready
been converted to ASOS and the NWS
had plans to convert most or dl
remaining stations within afew years.

Over 90% of the 1961-1990 NSRDB
contained modeled solar data produced
by the NREL-devdoped METSTAT
(meteorological-statistical) solar
radiation modd [Reference Maxwell E
L, MESTAT—the solar radiation model
usad in the production of the nationd

P
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Map of the 239 gtationsin the NSRDB

wlar radigion data base (NSRDB).
Solar Energy, 1998. 62(4): p. 263-279).
The primary METSTAT input comes
from NWS totd and opaque cloud
cover, two messurements that had been

a mainstay of NWS manual
observations for decades.
Unfortunately, the ASOS celometer
provides no directly comparable

(Cantinued an page6)
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Solar Spectrum

lar Spectrum is the newdetter

rom the Resource Assessment
Divison of the American Solar Energy
Society and is published on a semi-
annua basis. The purpose of this
newsletter is to inform division
members of events in the resource
assessment fieddd and activities of the
division and its members.

Success of the newsletter depends
on your contributions.

You are encouraged to send
comments, letters, or short articles to
the Editor:

Frank Vignola
Department of Physics
1274-University of Oregon
Eugene, OR 97403-1274

Tel:  (541) 346-4745
Fax:  (541) 346-5861
email: fev@uoregon.edu

| would like to thank Seve Wilcox and
Chris Gueymard for their contributions
to this newsletter.

Deadline for contributions to the next
newsdletter is October 1, 2003.

Frank Vignola

Resour ce Assessment Division
Officers & Board Members

Frank Vignola, Chair
Gary Vliet, Vice Chair
Gary Vliet, Secretary

Ray Bahm June 2001
Mark Beaubien June 2002
Doug Balcomb June 2002
John Dunlop June 2002
Dan Greenberg June 2001
Bill Marion June 2001
Rob Nelson June 2001
Richard Perez June 2002
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June 21-26, 2003 Emai

ISESWorld Congress
June 14-19, 2003
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Austin, Texas
Information: ASES
2400 Central, G-1
Boulder, CO 80301
Tel 303-443-3130
Fax 303-443-3212

|: ases@ases.org

Goteborg, Sweden
Dr. Jan-Olof Dalenbéck
Information: 1 SES 2003 World Congress,

Building Services Engineering,

Chalmers University of Technology
Se-4129 Goteborg, Sweden

Fax: +46 31 772 1152

Emalil: jod@vsect.cchdmers.se

RAD Division Officers and Board—In transition

The Resource Assessment Divison
of ASES in undergoing re-
organization. The makeup of the
divison and its board will be & the
next RAD division meeting at 2003.

At the last division meeting there was
a discusson of the number of
position on the divison board and
even if there should be a divison
board.

The divison meseting has tentatively
been scheduled for Monday, June 23,
2003 from 4:00-5:00 pm. This is a

chance to help shape the future of
the RAD division.

Currently the RAD division
activities are mainly associated
with the annud conference. In the
past the division has put together
forum or workshops, helped sdect
reviews for the review of papers,
and suggested members of the
conference technical review
committee. The divison aso helps
in the nominations of the divison
member to the ASES board.

Email Addresses for Resource Assessment Division Members

In order to open communications

Augustyn & Company .. jimaugustyn@solarcat.com

Richard Perez....... Perez@asrc.albany.edu

between RAD divison members, Ray Bahm.............. r.bahm@ieee.org Helen Powers.......power@udel.edu

the following members circulated ~ Bruce Bailey .... awssci @del phi.com DaveRenné.......... drenne@nrel.nrel.gov
thar Email address a the RAD  John Dunlop................ JRDunlop@IGC.org Martin Rymes.......... mrymes@nrel.nrel.gov
divison annud meeting. If you Eppley Laboratory Inc. eplab@mail.bbsnet.com  Larry Sherwood ...... LL Sherwood@atthi.com
are not on this list and would like Tracy Gardner ... tgardner@nrel.nrel.gov Mike Sloan............. sloan@vera.com

to add your name to the ligt, Jack Garrison......... ..jgariso@sciencessdsu.edu  Frank Vignola....... fev@uoregon.edu

contact Solar Sectrum’s editor  Chris Gueymard ....Chris@SolarConsultingServicescom  Lorin Vant-Hull........ vanthull @uh.edu
and your Emall address will be Bill Marion.................. bill_marion@nrel.gov Gary Vliet.......... gvliet@mail .utexas.edu
added to the list and published in  KenMiller.......... ecskamil @aol.com Cecile Warner.......... cecile@nrel.nrel.gov
the next news etter. Ross McCluney... McCluney@fsec.ucf.edu

Rob Nelson..........ccc...... rnelson@heliakos.com
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Resource Assessment, Modeling and Applications
Talks at Solar 2003 in Austin

Wednesday at 10:30-12:00

From the ASES brochure, the taks for the Resource Assessment session
on Modeling and Applications are as follows.

Sda Reuree Assesmet Mdhads far the United Natioss Emdranmat
Pragammes Sdar and Wind Enegy Resuree A sessmat (SWERA) prget

D. Renné Natond Renewable Energy Lab; R. Perez, ASRC, The
Universty a Albany, C. Shillings, f. Trieb and R. Myer, German
Aerogpace Center (DLR) GERMANY; e Pereira, Ingtituto Naciond de
Pesquisas Espacials, BRAZIL and M. Vipradas, Tata Energy, INDIA

Produdng Satdlite Deived I rradiancssin Conplex Arid Terain

R. Perez, ASRC, The University a Albany, P. Ineichen, U. Geneva, M.
Kmiecik, ASRC; K. Moore, |IED and D. Renné and R. George, NREL

Progress on Updating the 1961-1990 N ational Sdar Radiation Database

D. Renné, S Wilcox, B. Marion, R. George, D. Myers and T. Soffd,
National Renewable Energy Lab; R. Perez, ASRC the University at Albany
and P. Stackhouse, Jr., NASA/Langley Research Center

Beam-Tilted Cardation
F. Vignola, University of Oregon
Sdar Reuree A sessmatt in theFaggest City an Earth

J Augustyn and T. Geer, Augustyn + Company and F. Schwartz and D.
Appel, San Francisco Public Utilities Commission

The Effect of Aberrationsin TMY2 Data on Smulation Results of Solar Systems

G. Vijayakumar, S Klein and W. Beckman, University of Wisconsin,
Madison

Solar monitoring equipment
mounted on an automatic
tracke at Twin Falls, 1daho.

Enhancing the Value of Solar Radiation Data

by Frank Vignola

Solar radiation data are essentid to

evduate, modd, and operate solar
energy systems. Many people are
more interested in rules of thumb
and information that can help them
better orient their sysem or to
estimate the typica performance of
their systems without the use of
sophisticated tools such as
TRNSY S and DOEPAS.

Recently the University of Oregon
Solar Radiation Monitoring
Laboratory (UO SRML) was
contracted by the Energy Trust of
Oregon to develop a shade
evduation form that could be used
by sola ingtdlers to estimate the
logt from shading. The concept for
this plot comes from the Eugene
Water and Electric Board's Bright
Way to heat water program.

Using an Excd add-in based onthe the horizon line of objects that
PVWatts program, asun path chart  shade the system and adding the
was produced showing the % solar percentages in arees bdow the
redigtion coming from different horizon ling, the shading effect can
quajrants of the sky. By drawlng be calculamed Seeﬂgure below.
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Solar Spectrum

Recent Developments in Spectral Solar Radiation Standards and Modelling

by Chris A. Gueymard

Solar Consulting Services, Bailey, Colorado

Chris@SolarConsultingServices.com

Many in the solar energy
community have been using
reference spectra for the rating or
performance testing of PV systems,
or for other solar energy
applications involving spectral
characterigtics. These procedures
have been usudly designed around
either one of two possble
reference irradiance spectra that
have been sandardized by ASTM,
ISO and IEC. These reference
spectra are for direct normd
irradiance a ar mass 1.5 and for
37°-tilted globd irradiance dso at
ar mass 1.5, as origindly published
in ASTM dandards E891 and
E892, respectively.

Revised Reference Spectra

In the 20-year intervd since the
initial publication of these
standards, many things have
obvioudy changed, particularly in
the fidds of PV performance
testing and solar radiation
modelling. A first essentid change
has been the redization by many
experimenters that the globa
reference spectrum (E892) was
rdatively satisfying for flat-plate
PV systems, but that the direct
spectrum (E891) could not
reproduce the rea conditions
under which concentrating PV
systems were deployed in many
aress of the U.S or other countries.
In other words, E891 had become
obsolete, and this could be traced
back to the fact that this standard
was origindly designed for average
aerosol conditions typicd of the
northeast U.S., whereas
concentrating PV systems were
mostly ingdled in much cleaner
and dryer aess, such as the
southwest U.S.

A second change was tha the
origind radietive code (BRITE)
that had been used to obtain the
spectra in E891 and E892 had not
been maintaned and was not

developments occurred in the fied
of spectrometry, radiometry, and
solar rediation modelling, so that it
became possible to predict spectra
irradiance with greater flexibility,
better resolution, and improved
accuracy.

Conscious of the need for arevised
spectrum, ASTM’s Subcommittee
G03.09 worked in close
collaboration with NREL and Solar
Consulting Services to develop a
new standard. The rationde and
scientific bases behind this move
have been recently published in
Solar Energy{l]. The new
sandard, G173-03[2], has been
recently adopted and, as of this
writing, was scheduled to be
released in June 2003. The man
differences with earlier standards
E891 and EB92 are as follows:

e The two reference spectra are

obtained with the author’s
SMARTS code rather than
BRITE;

e The resolution has been
increased and spectra results are
now provided at 2002
waveengths from 280 to 4000
nm, rather than 120 waveengths
between 305 and 4045 nm;

e Whereas the old spectra had
variable intervas, which resulted
in spectral integration
difficulties, the new spectra have
three fixed intervals only: 0.5 nm
in the UV (280-400 nm), 1 nm
in the 400-1700 nm range, and
5 nm beyond,;

e Three important modifications
are considered for the
amospheric and environmentd
conditions: (i) the aerosol opticd

(Catinued an pae5)
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depth a 500 nm is decreased
from 0.270 to 0.084, &ffecting
the direct spectrum considerably
but the globa spectrum only
margindly, (i) an increased
carbon dioxide concentration
(370 ppm rather than 330 ppm)
is used to reflect the current
gtate of the amosphere, but this
has only minor influence on the
spectra; and (iii) a more redistic
spectral reflectance for a light
sandy soil is now used, dong
with a non-Lambertian
reflectance pattern (rather than
the smpligtic isotropic and fixed
0.2 dbedo), &ffecting globd
irradiance significantly but not
direct irradiance;

e The accuracy of the direct
irradiance spectrum has been
improved by about an order of
magnitude, by comparison with
benchmark cdculations (using
verson 4 of the MODTRAN
code);

e The new sandard is dynamic
rather than static, i.e.,
experimenters  are given the
possibility to use SMARTS and
perform any number of
simulations of their own, eg,
for parametric sudies. The main
benefit is consderable flexibility
in evauating the effect that non-
standard atmospheric or
environmenta conditions might
have on solar irradiance and any
spectrally-sdlective device, while
maintaining compatibility and
consigency with the standard
conditions of G173 for direct
comparisons. In the case of PV
systems, this opens the
posshility to essly evduae
“spectral mismatch” functions.

Fig. 1 shows a comparison between

the old and new globd spectra

Their good agreement is obvious

and will hdp many industries

accomplish a smooth transtion

between the old and new
standards. The new global
soectrum  integrates to  1000.37

W/m2, or 3.8% more than the
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Fig 2: The new (G173; continuous ling) and dd (E891; diamonds)
reference spedra for dired normal irradiance

older spectrum. Moreover, the new
integrated value is diredly
compatible (i.e, without any
scding) with the 1000 W/ m2 used
in Sandard Reporting Conditions
for PV systems.

Smilarly, Fig. 2 provides a
comparison between the old and
new direct spectra The latter
integrates to 90017 W/ nm2 i.e,
17.2% more than with the older
spectrum. This significant increase
essentialy results from the decrease
in aerosol optica depth from 0.270
to 0.084 mentioned above.
According to an NREL study, the
later vaue corresponds to the
regiond yearly average for 15 stes
in Arizona, Cdlifornia, Colorado,
Nevada, New Mexico, Texas, and
Utah where the totd annua direct
irradiance is at least 6 kWh/ m2. A
more subtle and qualitative
consequence of this change in

aerosol content of the aimosphere
is that the new spectrum is dightly
blue-shifted compared to the
previous standard. This, in turn,
may induce non-negligible changes
in cdculated PV cel performance
or other devices, depending on their
spectral sensitivity curve.

The SMARTS Code

The devdopment of the Spedral
Model of the Atmospheric
Radiative Transfer of Sunshine
(SMARTS darted about 10 years
ago while this author was at the
Florida Solar Energy Center. Early
accounts of this development were
duly presented a the Annud
Conferences of ASES (in 1993 and
1994). Since then, the modd
underwent considerable
transformation. Originally
developed to invetigate the effect
of varying amospheric conditions
on the performance of spectraly-

(Cantinued an pae8)




Solar Spectrum

Progress toward an Updated
National Solar Radiation Data Base (NSRDB)

(Catinued franpage 1)

messurements. Instead of totd and
opaque cloud observations, ASOS
reports an egtimated totad cloud
cover only to an upper limit of
about 3700 meters. Missing from
the ASOS records are a
measurement  of opague coud
cover as wel as any cloud
messurements above 3700 meters.
Thus, our 1995 feasibility
investigation for updating the
NSRDB concluded that it would
not be easy task to produce a
smple five-year update by running
existing software on newer data.

Meeting of Experts

However, interest in an updated
NSRDB persisted. With the
passing of the year 2000, a ten-year
update became even more
dtractive, and judtification for the
update grew stronger. Although the
question of modeling solar
radiation data from ASOS
observations had not been
resolved, significant progress
occurred since 1995 in modeling
solar radiation from satellite
images. To hep deermine the
feasibility of producing an updated

NSRDB and edtablish a likdy
method, NREL convened a
meeting of expertsin April 2003 to
study the obstacles and issues. The
pane included NREL teff, other
experts usng the NSRDB for
varied technologies in recent years,
and those a the forefront of
emerging technologies:

-Bill Beckman, University of
Wisconsin

-Chris Gueymard, Solar Consulting
Services

-Richard Perez, Sate University of
New York, Albany

-Marc Plantico, Nationd Climatic
Data Center

-Frank Vignola, University of
Oregon.

-Charlie Whitlock,
(representing NASA)

SAIC

During the day and a half meeting,
these goal s guided the group:

e Find an approach for updating
the NSRDB

e Devdop a timdine for an
update project

!

7 | ;“.

Metingat NREL on updating the N SRDB. Attendess gneally from L €t to Right: Bill Marion (NREL), Marc
Plantico (NCDC), Mark Mehos (NREL ), Bill Bekman (U of Wisongn), Frank Vignda (U o Oregon), Charlie
Whitlak (SAIC) (partially hidden), Chris Gugmard (SCS), Tom Stafd (NREL) (in bak), Daryl Myas
(NREL), Ray Gexge (NREL), Dave Rané (NREL), Ricard Peez (SUNYA). Na pidured: Rdand
Hulgron(NREL), Card Riardan (NREL), StereWilax (NREL). Phao by Steve Wilax

e Formulate a vidon for the
NSRDB tha anticipates the
needs of future solar resource
assessment.

The panel determined that a hybrid
method would be necessary to
produce solar radiation data that
spans the 1990s. The hybrid
gpproach might necesstate the use
of two or three solar modes,
depending on the daa available.

However, input data for no modd

is continuous throughout the

period:

e Manud observations ceesed at
most NWS dations & some
point during the nineties, and a
changeover means the end of
METSTAT modeling as
METSTAT now exigts. Further,
an ASOSbased modd cannot
be used prior to a sation's
switchover to ASOS.

e Higoricd satdlite images (back
to the 80s or even 70s) may be
prohibitively expensive,
unavailable, or incompatible
with current satdlite solar

(Catinued an pae7)




Newsletter of the Resource Assessment Division of ASES

Progress toward an Updated
National Solar Radiation Data Base (NSRDB)

(Catinued fram page6)
modes. Thusiit is not likely that
a switch to satellite-based
modeling would yied a single,
consstent method for a thirty-
year period (for example, 1971-
2000).

While a hybrid approach paves the
way to modding al years, it likey
adso reduces comparability of the
more recent data with that from
the origind NSRDB. In addition,
very few high quality measurement
sites in the United Sates persisted
through the decade of the nineties,
adding to the difficulty of
validating new methods and
establishing comparability with
older data.

The meeting ended with a
management summary session that
outlined these long-term goals:

e Produce a gridded sadlite-
derived high spatia (10km) and
tempora (hourly) resolution
solar database overlaying an
enhanced U.S Solar Database
product for 239-800+ surface
meteorological stations

e Continually reduce uncertainties
e Enhance accessibility of data

e Ultimatdy 30 years (i.e1971-
2000, 1976-2005)

e More frequent and less costly
updates (for example, yearly)

e Nowcasting and forecasting
capability
e Continue to improve satdlite

methods toward future
capabilities.

Preliminary Work

The panel concluded that
additiona study is required before
sdecting a method for producing a
national solar database. A
preliminary work plan under
development will establish a test
case based on a one year time
period and will be designed to

exercise and evauate the various
models under consideration:

e METSTAT

e METSTAT modified for an
NCDC doud product using
ASOS and GOES satellite data

e An NRCC/ ASHRAE/ASOS
model current under
development (Northeast
Regional Climate Center)

e The SUNY/Albany satellite
model (Richard Perez)

For this preiminary effort the
pand dso plans to investigate and
determine improved methods of
edimating aerosols. A test year as
described would have the
additional benefit of making
available a prototype product for
wider review.

Initid work is currently planned to
identify a test year that yields an
optima mix of input data for the
models and provides high quaity
ground measurements for
vdidation. Once the test year is
identified, a thorough study of the
models will determine their
suitability for meeting the needs of
NSRDB users and how their
output compares with the historicd

NSRDB data s#t. Drawing on the
one-year test andyss, a more
comprehensive work plan can be
developed and presented to the
Department of Energy and NREL
management for consderation of
funding what will probably be a
significant two year NSRDB
update project.

Conclusion

We hope these efforts produce a
plan that satisfies the needs of
current NSRDB users. But we aso
envison a longterm data base
scheme using satdlite modeing
that meets future needs with high-
resolution solar data sets. Such data
sets hold the greatest potentid for
increased vaue as satdlite remote
sensing technology improves and
satellite solar models advance.

NREL will present a paper on this
work at the 2003 Conference of the
American Solar Energy  Society
[Prayes an Updeting the 1961-1990
Naticnd Sdar Raddion Databese
Dave Renné, . d) with hopes of
generating additional discussions
about the project.

Please ontad the author at
gephen wilax@nrd.g far additional
informetion.

Workshop on the Use of Solar Radiation Data

by Frank Vignola

The Universty of Oregon Solar
Radiation Monitoring Laboratory is
planning to hold a one day
workshop on the use of solar
rediation data on October 16, 2003
a Sun River, Oregon. The
workshop will feature the satelite
derived solar radiation database for
the Pacific Northwest on a 0.1°
orid crested by Richard Perez as
pat of DOE contract DE-FC26-
OONT41011.

The sadlite derived solar radiation
database will be discuss and
demonsgtrated dong with tools

7

developed to facilitate the use of
the database.

This workshop will be pat of a
larger meeting put together by the
Northwest Solar Alliance (a
partnership of regiond Million
Solar Roofs groups). The target
audience will be utility personnd
and decision makers.

As the program is developed,
information on the meeting and
workshop will be avalable a
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sdective glazings, the mode evolved into a
versdtile radiaive transfer code adaptable
to a variety of gpplications. Mogt of these
applications are engineering-related,
paticularly in the fidd of solar energy, but
other possible applicationsinclude:

e obtaning UV reference spectra for
weathering studies and material
degradation testing;

e cdculating the erythema irradiance or
the UV Index for public hedth and skin
cancer prevention;

e evauating the columnar abundance of
amospheric  condtituents such  as
aerosols, water  vapor, o0zone, or
nitrogen dioxide;

e evaluating the performance of

spectroradiometers, pyrheiometers or
pyranometers;

o smulating filtered pyrheiometers or
pyranometers;

e evauating the uncertainty in slicon-
based broadband radiometers induced
by their spectral limitations;

e determining the fraction of circumsolar
rediation received by pyrheliometers or
concentrating solar collectors;

o predicting the clear-sky illuminance and
luminous efficacy for daylighting
studies;

o predicting the photosyntheticaly-active
radiation (PAR) for plant growth;

e assessing the performance of broadband
solar radiation models;

e mesoscale mapping of radiative fluxesin
different spectral bands.

In recent years, the development of the
latest versions of the code (including 2.9.2,
which served to define the ASTM standard
described above) was partidly supported
by NREL. A joint effort between Solar
Consulting Services and NREL dso
permitted the development of a graphica
user interface, which is particularly
gopeding to new usars. Furthermore,
NREL offeeed to host a SMARTS
which is now live at

e B b B B a e e

and can be dso accessed by doing a search
for ‘SMARTS from NREL's homepage,

documentation can be freely
downloaded from this webpage, but a
priminary registration and acceptation
of itsterms and conditions are required.
In order to better maintain the code,
and propose useful improvements or
new features in the future, this author
welcomes feedback from users.
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