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PREFACE

This report smnmarizes the activities and accomplishments of NREL's Solar Radiation
Resource Assessment Project during fiscal year 1991. This project is part of tile U,S.
Department of Energy's Resource Assessment Program.

David S. Rennd, Project Manager
Solar Radiation Resource Assessment Project

Approved for the

NATIONAL RENEWABLE ENERGY LABORATORY

Thomas D. Bath, Director

Analytic Studies Division
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1.0 INTRODUCTION

The assessment t_l"renewable energy resources, such as solar, wind, and biomass, is an essential l'act_r in
deternlirfing lhc degree to which renewable energy tectmologies can be used and in implementing these
technologies, The Depmlment of Energy's (DOE's) Resource Assessment Pr¢_grmn has the responsibility
of providing these assessments and the scientific documentation required to SUlW_rt these assessments,
Tile legislation enabling this activity was passed by the 93td Congress in 1974 as part of the Scalar Energy
Research, Development and Demt_rlstration Act of 1974 (P,L, 93-473), Specifically, Secti_n 5, titled
Resource Determirmtior_ arid Assessment, states that a solar energy resource delerrninatlon and assessnlent

program shall be initialed "with the objective of making a regional and nafiorml appraisal o1' ali s()l_u"
energy resources .... " The legislation goes on to say thal

, , , the program shall ernl_l'tasize identilication of l_romising areas for commercial
exploitatit_n and development, The specific goals shall include:

1) the development of better methods for predicting the availability _1"ali s_lar energy
resources, over long time periods and by geograpl_,ic location;

2) the development o1"advanced meteorological, oceanographic, and other instruments,
rrmll'todoh)gy, and procedures necessary to measure the quality and quantity of ali
solar res_mrces on periodic bases;

3) the development of activities, arrangements, and procedures for the collectit_n,
evaluation, and dissemination _t" information and data relal.ing tt_ s(_lar energy
resource assessment.

Since the early 198()s, the Resource Assessment Pre,gram, as ii is n_w called, has been managed t_ut c}l
the Ph_tow_ltaics Brancl_ c_t'DOE's OI'lice _I" Conservatic_n and Renewable Energy, Tl_e program is
currently lc_cusing on sc}larradiatit}n resources and is nlanaged its the Solar Radiation Resource Assessment
Prc}ject (SRRAP) at the National Renewable Energy Laboratory (NREL, tc_rmerly the Solar Energy
Research Institute) in G_lden, Colorado, This report describes the activities _)1'the SRRAP during
Oct_ber 1, 199()tlmmgh September 3(), 1991 (fiscal year 1_)91) and pr(_vides un _)utl_(_kli_r l'ulure year
activities,

The w_rk described in this rep_rl was d_ne in acct_rdance with nn annual operatir_g plan 111 and t_ther
direct guidance l'r¢)mDOE during FY 1991, Previt_us years' activities and histt_rical inl_rlllali_n i_erlinenl
t_ the FY 199()w_rk are documented in annual prt_gress rep(_rls for 1987 t¢_199C)12-51,

Secti¢_n 2,() of this rep¢_rtbriefly reviews the ¢_verall _bjectJves and pri¢_rities ¢_1'the SRRAP and pr¢_vides

a surn_nary of the steppe of FY 1991 activities, Section 3,() reviews the deveh_pnmnt and pr_ductit_n _I
the lC)Bl-lt)D() NatiCmal Solar Radiati¢_n Res¢_urce Data Base, whicl_ will pre,vide tt_e basis li_r future
assessmenl and analysis activities of the SRRAP, Sccticm 4,() reviews the SRRAP's educali_nal activities

tidal are under way and discusses mechanisms t_y which these activities can he li_cused t_ enhance the
existing s{_larradiatit_n rnonit_ring activities in the United States, In Sectit_n 5,(1, we sutlxtnarize t_utreacl_
activities, which represent the vari_ms mechanisms by which the techn_h_gy develt_ped within the SRRAF'
iu transferred t_ user grl_ups and the general public, Secti_n (_,()reviews internalitmal activities, i.lllt]
Sectil)n 7,() sunl_zui/,es activities under way at NRI).;I._'sS_lar Radiati_n Researcl_ l.abt_r;.tl_ry, t"ilmlly,
lilts rep_rt c_ncludes will_ pertinent inl_rt't_ati_n _n pr_gral_l t_anagement (8,()), pr_granl _utl_u_k (9,()), anti
references (II),{)),
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2.0 SOLAR RADIATION RESOURCE ASSESSMENT PROJECT:
OBJECTIVES AND PRIORITIES

2.1 Project Objectives

There arc three broad objectives of the SRRAP: (1) to facilitate the tmplenmntatJon of renewable energy
systems by providing accurale docunlenlation of solar resource data and their uncertainties; (2) to tipster
the use o1' solar resource intbrmation by providing products that allow lin' valid end-use assessment of

energy performance, including 51u,'tnttlicalion of uncertainties associated with these assessments; and (3) to
support the data and assessment products with technical and scientific peer-reviewed documentati_n,
Within Ihese three broad objectives lie lhc general theme and current priority of the SRRAP: to produce ,

a credible, user-oriented s_lar radiation resource data base and associated dala base products, which can
support future mullitechnology, multinational, and multtdisciplinary research and assessments. This thenle ,
will be discussed in more detail in Section 9.(1, Program Outlook.

2.2 Scope

Currently, the primary l'ocus oi'the SRRAP is to produce a 1961-199() National Solar Radiation Data Base,
providing hourly values of global horizontal, diffuse, und direct normal solar radiation at approximately
25() sites around the United States. Because these solar radiation quantities have been measured

intermittently at {_nly aboul 50 o1"lhese sites, models were developed and applied to tile. majority t}l"the
stations tc}provide estimates o1"these parameters, Although approximately 93% of the data base consists
of m_u.leled data, this data base will represent ,'t significant improvement over the SOLMET/ERSATZ
1952-1975 data base thai has provided the rnain source of solar resource assessment informati{m to date,
The magnitude and importance o1' this activity arc such liml the maj_rity oI"SRRAP human and financial
resources were dew_ted to lhc data base development. However, in FY 1991 lhc SRRAP was inw_lved

in many other activities, which are reported here. These include the continued maintenance of a s_lar
radiation monitoring network in the southeas,. United States at six Historically Black Colleges and
Universities (HBCUs), the transfer of scalar radiation resource assessment techm_logy through a variety (_1'

activities, participation in international programs, and the maintenance and operati_n of NREL's Solm"
Radiation Research Lab_ratc_ry.
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3.0 NATIONAL SOLAR RADIATION DATA BASE PRODUCTION

3.1 Background on the 1961-1990 National Solar Radiation Data Base

3, 1, 1 Historical perspective
!

Solar radiation measurements have been traditionally obtained in this country by the Natic_nal Oceanic and
Atmospheric Administration's (NOAA's) National Weather Service (NWS) since tile late 1940s, Although
this network has carried different names during the past 40 years, for the sake of clarity and constslency

we will refer to this network as the SOLRAD (SOLar RADial.ion) network for ali time periods. The
primary measurernent obtained in rials network has been total (solar direct beam plus dilTuse) radiation t_n
a horizontal surface (or global horizontal radiation), _ These measurements were made using broadband

pyranometers whose characteristics have changed over the yem's,2

From 1952 lo 1975, the SOLRAD network comprised about 60 stations, Some ot' these stations nlade
continuous recordings on strip charts, while others recorded only the daily total energy (insolati_)n)
received. Much of these data were digitized at the station, using instructions limt changed over the years,
and were forwarded to regional centers (laler centralized at the National Climatic Data Center, or NCDC),
where they were subjected to varying degrees of quality control, These historical solar data suffered from

neglect and contain serious errors result.ing from a host of calibration and instrument problems, The daia
wcre also referenced to two different scales (the Smithsonian Scale of 1913 and the International
Pyrheliomelric Scale of 1956). When these data were evaluated for inclusion in the first national sc_lm"

radiation data base (the SOLMET dala), only 26 slalJons were deemed suitable for use (see the black dr)Is
in Figure 3-1). For this reason, a procedure was developed Io estimate solar radialJon at an addilional 222
stations for which appropriate meteorological data were available. These estimates became knc)wn as
ERSATZ data, and the combined 1952-1975 national data base is known as lhc SOLMET/ERSATZ data

base [6 ].

During 1976, the SOLRAD network was essenlially shut dc)wn while new equipment was purchased and
installed at a reduced number of slat.ions. From 1977 througl_ 198(), data were collected at the 39 sites,
identified with a triangle in Figure 3-1, Almost ali of these stations recorded both glc)bal horizontal und
direct normal radial.ion, and nine of the stations also recorded diffuse horizontal radiation. Fuilherm_re,

during Ihe upgrade of the equipment al the stations, NOAA established a solar radiation calibralic)n facility
at Boulder, Colorado, where ali of the pyram_melers and pyrheliometers (used for measurin_ direct nt_rll_al
scalar radiation) were periodically recalibrated. During this 4-year period, the t_per',ttJonof the netw_rk was
funded jointly by DOE and NOAA. The quanlity and quality _)1"the data c{)llected during these 4 ye_u's
was affected favorably by adequate funding and impnwed inslrumentalion and calibralitm procedures.

After 1980, the plan was for DOE I_ end support of the nelwork and for NOAA tc__btatn budgel authol _,.
io suprx)rt lhc entire network. However, beginning in 1981, lhc nelwork budgels were reduced. As a
result, from 1981 through October 1985, the network gradually de_.ayed, and none of the data were

processed. Thus, NOAA decided lo close the nelwork t_) make an_ther equipmenl upgrade, and NWS
did not cc)llecl solar radiati_)n dala l'r_)m Oclober 1985 tlmmgh Decenlber 1987. in Janu_uy 1988, tile
network started once again to collect global horiz_nlal and direct normal radiation data al 27 statitms.

_"lrradiance" and "radiali_n" al the Earth's surface are used inlerchangeably in finis reln_rl.

'Tl_ese bn_adband pyran_n_eters rcsp_nd I_ a speclral range _l atn_ul ().3 I_ 3 ILII_.

3
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Figure 3-1. Station locations and periods of data collection for the SOl,RAD netw,_rk

In summ_uy, a.sshown in Figure 3-1, 44 stati{)ns have participated in the SOLRAD netw()rk, t'n)m 1952
thn)uL_z,h199(). l-h)wevcr, ()nly 16_)Itl_csestations Ilave beenactive during the entire time lhat the netw{)rk
was in an t)peratitmal status, Thtme 16 stations are identil]ed by the circle encl¢)sing the triangle thai
ench+sesthe black dot,

3, 1,2 Rationale for a New National Solar Radiation Data Base

Because (_1'c()nsiderable variabilily in lhc qualily ()1" lhc measured data used in the 1952-1975
SOLMET/ERSATZ data base (due tc) inlermillenl measurenmnl peri()ds, uncertainties in calil_ra(ic)n
pr()cedurcs, use ()I'()utdated ()r poorly calibrated equipment, etc,), its well as tl_e variability in lhc apparent
quality ()t'the ERSA'IZ data, there are significant uncertainties attached l()Ihese earlier dala, This has left

lhc designers ()f s()lar energy systems, as well as planners and armlysts assessing the viability ()1'renewable
energy t)pti_)ns, with a great many questi()ns regarding the wdidily c)l' these data, Tiffs has been further
c_)mplicated because a large part ()1"the renewable energy cc_mnlunity was unaware ()I"lhc uncertainties

surn)unding the data that they use h_ design anti site s_lar energy syste_ns, i:urltmr_l_re, ll_e
SOLMET/EI_,SA'I"Z (lala hase d(_es ntd inc_rlxuate any t'_l'_he inqwtwed dala ct)lleclit)n pr_)ct.',tlt_res
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tmpletnented by NOAA tn 1976, _ As n result, a decision wtLs made tn 19_9 lc) upgrade lhc
SOLMET/ERSATZ dala huse to a 1961-199()Naltunal Solar Radiation Dula Base, using improved dala
and mudeling techniques. Llnltke short-tertn data bases with only a l'ew years c)t"sulur radtatt_)n darn, lilts
auctorial dulu base's 30 years uf dala wtll permit examining lhc Inlet-annual variability o1' {l_e st)lar
resource,

8, 1,3 Composite Deser/ption of the New 1967'-1990 National ,Solar Rad/ation Data Base

The goals for upgrading the solar radiation data base tbr lhc United Stales is lo reduce the uncertainties

associated willa the SOLMET/ERSATZ data base, to accounl lhr any recenl changes tn climate, arm I()
provide products thai meet user needs, These goals ure being Inel by addressing three prlnlary objective,,::

• To assess the quality o1"ali measured data and attach source mid quality flags lc) N)th measured and
modeled data)

. To estimate solar radiation using an improved purametric model incurpc_rating readily available
meteorolc)gical parameters and algorithms thai reproduce the tnonthly statistical ;.lnd slt)cllastic
churacteristics of gc)od quality measured dala,

• To incorporate ali tt_ree fundamental solur radiation elenmnls (direct normal, clilTuse hc)rizontal, and

gh)bal horizontal), using formals and media, thal will make the data base rnore user-friendly and by
crealing a statistical summary product to enhance lhc value o1"the data base,

The 1961-199() Natit)nal Sc)lar Radiath)n Dula Base will satisfy each ()1"lhese objectives, The 3()-yeur
period has been chc)sen t_ he c_)nsistenl wilh nalic_nal alld inlernattc)nal nmtet)roh)gical and clirnalt)lt)glcal
practices, s The nuniher of nit)deled sialic,ns (approxilnalely 2()()) was limited hy the selectlcm c)l NWS

static)ns thai had nearly cc)nt.inuous collections c)l' the required meteorc)lc)gtcal paranmters l'r_)m 1961 tc)
199(), These sialic)ns pre)vide a sufliclenl numl_er _1"Ioculi_ns I() represenl m_)st regt_)nal sc)lm radialic_n
ulinttttes in the United SialoN,

l-lt)wever, even with ali the majt+rchanges and ilIlprc)vements thai will gc) into the new natic>nal dala t_ase,
it is not pc;ssible tc)incc)rpt)rale ali data cc)llected by t)rganizati,)ns c)ther than the NWS _)r I()inct)rl)t)t+ate

ali pc)ssible means of upgrading lhc dala and still pr()duce lhc (h.llabase in a timely l'ashi_)n, Recc)gnizing
Ihis, the versi_)n _)1lhc data base planned l'()r release in IlTesummer o1' 1992 will he handed Versi_n 1,(),

As ilnpr_)ved m_)deling lechniques, quality assessmenl prc)cedures, and data s_)urces becl)nm available, IITe
data base will he ulxlaled peri_)dically, nnd lt_e versi_)n number will he changed lc) rellecl changed versl(_ns
thai enler lhc puhlic d_)main, D_)cumenlalil)n will also) he revised accbrdingly, Minor changes, such ns
relinemenls tc) purl c)l' lhc dala t'()r extsling static)ns, will resull in lhc number f_)lluwing lhc dccit_lal (()

change in lhc versi_)n nc)menclature, Major changes, such as incorporalic)n ()I"111;.tnynew (la,la sels, use
_)I'nn imprc)ved mc)del, itr changes in lhc peric)d c)l'l.ime represented hy lhc dall.l base will I_edcsignuled
with new numbers preceding lhc decimal in lhc versicm m)_uenclnlure,

_Althcmgh the quantity ()1"data varied greatly during 1976 to 109(), the qualily _)1'dula ileal were c_)lleclcd
is g_)_)(ldue in large purl li) maintaining lhc s_)l_ura{liali_)n calihl'uli_n fncilily in l:l_ul(ler, ('¢)l_u'uth_,

"_Aswilh SOL,MET/ERSATZ, lhc 19(_1-199( Nali_nal S_lnr Rnclinli_n l)nlu l-_;nscwill c_nlnin ill_i'c Illun
9()% ml_deled data,

_TI_elalesl up_lule i_l'clil_lul_l_)gical su_ltllarlcs _)1'Ille hlali_)nal Wcalllcr ,Srivice ,,viii t'_x'ci I¢)()1lt_ It)u(),

5
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3.2 Data Base Production Methodologies for Solar Radiation Measurements

As indicated in Sect tt_n3,1, tile new 1961-1991,) Natic_nal Soltu' Radiation Data Base is designed tc)make

the l'olh_wing improvements on three major aspects of lhc SOLMET/ERSATZ data I,tse, (1) to
tnctn'porate trod quality assess more recent and improved solzu' r,'ldiatton measurements; (2) to Improve
upon the te_:hrdques tbr estimating solm"rttdtathm; and (3) to provide a merc user-friendly data format and
statistical summm'tes pertinent to lhc solar energy Industry, This section describes the data base producttt_n
Inelllodologtes for tlm measured sol_' radiation data, along with key accomplist'tments during FY 1991,

3,2, 1 Overview of Solar Radiation Data Issues

Ftgure 3-2 summarizes the periods ot' operation and status of the SOLRAD nctwork. From this figure,
il is evident thal virtually none of the solar radiation data collected l'or the United States can he c(msidered
to be free of problems, and that a need exists to upgrade measurenmnts for each of the four measurement
periods indicated tn the figure, The issues fur each of these periods can be summarized us follows,

1952 to 1975, The so-called "light bulb" pyranometers used during this period exhibited temperature
response and calibration problems, which were. addressed during the creation of the SOLMET/ERSATZ
data base. Furthernlore, these pyranometers sh()w a resp()nse t() solar energy that varies with solar angle,
These angular response ch_u'acterislics were not considered, yet probably hud a significant ciTe.ct ()n the
data and the melllods used during lhc rehabilitati(_n of these data, as noted by Fh)wers and Maxwell [71,

lt)77 to 191,I(). The data collected during this period have the least need for upgrading, Nevertheless,

stlme data that violate physical relationshil'_S (e,g,, silualJtms in which the horizontal comp()nent of the
direct beam is greater than the measured glubal horizorUal) will be rnt_dified or replaced by model
estinlates, "l"ltedata l'lugging scherne, reviewed in Section 3,5,3, will inl'_rm the user whenever this is
d_)ne,

19_1 Ic_19,"15, Data cc_llected during this peric_d were c_q_ied lrc_mcassette tapes tc_0-track reels, with nc_
examinatit_n c_rquality cc_nlrol, A l_.u'gepart _t' these data were unreadable using m_rmal read c_mnlands,

St_me _1' the <',ata have w_ltage _l'l'sets, zmd s{_me have been displaced ira lime, Alth_ugh the dala have
ah'eady been unscrambled (ta the extent pt_ssihle), t_ther pr_blenls require further attenti_n,

19H,qt_ 199(), Data c_llected during thts periled xh_uld be similar in quality tt_ data collected l'rt_m 1977
t_ 19_(), E×a_ninal.ion c_l'these data began during FY 1991 but will r_othe completed until FY 1992, We

d() kn()w thal mt)re data are missing than during lhc 1977 t() 19R()period.

3,2,2 Synthetic Calibrations (SYNCAL)

The data collected pri_r to 1976 required a pr{_cedure I_ establish _r reeslahlish calibration l'act_rs, F_r

the SOLMET/ERSATZ data base, lifts procedure was known as standard year irradiance/clear soltu" noon
(SYI/CSN), SYI/CSN compared measured global h_rizonlal radiatJ_m til clear solar noons with n_odel
estimates o1 tlm gluhal radiation at n_on, The ruti_ of the inodeled standard year trradiance wilh lhc clear
s_ltu" n_n measured values pr_vided a correcttt_r_/calibrall_n factor thai was used for measured tlatztal ali
h_mrs and under ali sky c_ndilJ_ns. A new synthetic calihrati{_r_was cotnputed every time a cletu" st_l_u'
n_n _ccurred, "FI_ecalihralJ{_n l'act{_rsl'_r the peri_ds between cleztr s_lar nt_ns were _ff_lained t_y linetu"

inlerp_lali_ns l'rl)nl clear s_lar n{_n t_ tie;Lr st_lar ru_n, 'I'l_is pr_cedure ct_rrecletl lhc efl'et.'ts t_l'seas_rml
ch_mges in the s_lar declinztli{_nangle zmd II_eangular resp_nse characteristics _,1'll_eratli_l_elers, hut tlm

n_l acc_)unl t_,r II_eeffects _I' diurnal ct_ank.es _I"u/i_l_ulll and/,enill_ angles, i::urll_er_lt_re, any variali_n
in atl_l_spl_eric lurbidily _r water VZll_r Ii_lll s_lar n_l_ I_ ,s_lttr n_n w_ultl Imvc been interpretctt as zt
change intlae sensitivity _i II_e ir_,strul_lcnl,
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Figure 3-2. Periods of operation and status of the SOl,RAD netw,,)rk

A new synthetic calibration procedure (SYNCAL) will be applied to pre-1976 data to correct fi)r these
deficiencies. SYNCAL will use hourly values of water vapor and daily values of aerosol optical depth
in the new model algorithms, designed for Version 1.0, to calculate global horizontal radiation for most
cloudless sky hours (not just solar noon) fl)r ',ali26 SOLMET stations from 1952 to 1975. Comparis()ns
of measured and calculated gh)bal horizontal v',.dueswill be used to obtain synthetic calibration factors li)r

each 1()° x 1()° azimuth-zenith angle cell for each pyranometer. This will produce synthetic calibrati()n
matrices thai will significantly upgrade pre-1976 global h()rizontal nmasurements. The entire procedure
will be validated using solar radiation data fn)m the nine NOAA stadons measuring ali three comp()nents
(global, direct, and diffuse) fr()rn 1977 thr()ugh 1981. This mcth()d will not be applied to p()st-1976 dala
because m()dern pyranometers have improved angular resp()nse characteristics.

3,2,3 Data Quality Assessment

The SRRAP FY 199() annual rep()rl 151describes SERI QC, lhc sol'tware package used t() assess tile
quality ()f measured data by c()mparing measured values with expected values. Reference 8 pr(_vides
inli)rmati()n on this pr()cedure. This quality assessment ()f lhc measured data will he used t(, assign a tw()-
digit quality flag t() each measured value. A descripti()n of these quality flags is given in Secli_)n 3.5.3.

3.3 Simulation of Solar Radiation

The history ()f s()iar radiation measurements in lhc United States is such that a solar rad,alison m_)ttel needs

t() est, male m()re than 9()% of the dala in lhc new 3()-year na_i()nal s()lar rad,al,on dala base. Because a

muir, year data base will m()sl ()rien he used lo create design- and typical-year subsets I()establish m_rmals,
means, and extremes and to select and evaluate sites li)r large s()lar energy systems, the simulated data
must accurately represent the li)lh)wing statistical und st()chaslic crmraclerislics:

Statistical

• M()nlhly rm)ments (mean, variance, skewness, kurie)sis)
• M()nlhly cumulative frequency dislribuli(_ns
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Stochastic

• Diurnal and seasonal patterns
• Hourly und daily autocorrelations

• Cross-correlations between components (globai, diffuse, direct)
• Persistence.

A meteorological-statistical model (METSTAT) was developed to fulfill these requirements. Aspects of
this model were reviewed in the FY 1990 annual relx)rt [5], A brief overview of the current stalus of the
model is provided herc.

3,3. 1 METSTA T: The Solar' Radiation Simulation Model

METSTAT caiculates solar radiation at the Earth's surface by simulating the effects of atmospheric
processes on the known value of solar radiation at the top of the atmosphere (i.e., extraterrestrial
radiation). For example, atmospheric water vapor acts to absorb solar radiation in certain wavelengths,
while liquid water (in the form of clouds) absorbs and scatters radiation. Olher atmospheric constituents
(aerosols such us dust and natural and human-caused pollutants) also absorb and scatter solar radiation.

Diffuse radiation associated with low cloud cover can be greatly enhanced when the ground albedc_
(percentage of incident solar radiation that is reflected back to the atmosphere) is increased significantly
because of snowfall. Ali of these processes m'e incorlx)rated into METSTAT by inputting meteorological
data and exercising deterministic algorithms that accounl for physical processes.

A block diagram of METSTAT is shown in Figure 3-3. The diagram shows that hourly calculations are
made using hourly total and opaque cloud cover, hourly precipitable water vapor, daily aerosol optical
depth, and daily albedo input data. This is done to produce the representati!,,e diurnal and seas_nal
patterns, daily autocorreladons, and persistence. Statistical algorithnls are placed between the input data
and the deterministic algorithms to provide proper cross-correlations between the direct norrnal, diffuse
horizontal, and global horizont_d comp_ments.

The deterministic algorithms used in METSTAT calculate cloudless sky transmittance, cloudless sky

scattering, cloud transmittance, clouzl scattering, and ground-level rellectance. In additic)n, a procedure
was developed to calculate seasonai values of aerosol optical depth at ali sites.

The deterministic algoritlams were designed lo meet the c)bjective of creating data sets with accurate
monddy c)r seasonal means. The statistical algorithms will randomly vary input parameters (cloud c_ver
and aerosol optical depth) such thal rnontllly data sets exhibit representative statistical characteristics.

However, since the effect of changing cloud p¢_sitions, types, and thicknesses is represented by a random
number generator and cumulative frequency distributions, it is possible the hourly autocorrelatic_ns will
not be pr¢)perly represented.

Altlumgh the choice ¢_t using only total and opaque cloud cover as inputs to lhc simulator might be
expected to reduce the accuracy _1"each individual hourly simulation, ii greatly simplifies the statistical
algorithms thai are essential to achieving data sets with represenlative statislical characteristics.

Statistically varying hourly cloud type anti cloud layer inf_)rmalion are lm)blematic, whereas rand_nlly
varying total and _paque values, tc_simulate Ihe effect _)Ichanging ci_md posilions, proved I_) be straigl_t-
fi_rward, The devehqmmnt c_lparametric alg{_rilhms is besl acc_mlplished using p_st-1975 high-quality

mea!_ured data t_ define the parametric relali{)nships. This is acc_mplished using lligh-quality ttala
_)blained t'r(lin lhc SOLRAD nelw(irk. H_mrly data l rl_ni 29 slatterns, s_lnle llleasuring ali lhree sl_l_u"

radiati_n c_mp_nents, were chanson I_ tlevel_)p subsets _)1tltlla Ihal Ilad lillliled ranges _)I air _nass, t.'l_utl
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Figure 3-3. Block dial4ram of tile METSTAT model developed for estimating solar radiati{_n t'r{Inl
meteorol.gical parameters



TP-4679

cover, water vapor, aerosol optical depth, and albedc_, This approach avoided regional and seasonal
dependencies. T'hese data subsets lbrrued tile basis li)r the development of deterministic and statistical
algt_rilhms used in METSTAT,

3,3,2 Processing and Incorporating Meteorological Data into METSTAT

Meteorological Data. The metcorologic',.d data required for METSTAT, as well as lhr the solar radiation

data base, were obtained from tile TD-3280 tape deck files, ' ) "'c¢ pins of which were provided by NCDC,

These files conlair_ data from the hourly surface observations made by the NWS at airport stations, The
data thal are read from these tapes include total and opaque sky cover, ceiling lmtght, dry bulb and dew
point temperature, relative humidity, atmospheric pressure, wind speed and direction, horizontal visibility,
and present weather.

Precipitable Water Data. Pl ecipitable water, an essenlial input parameter to the METSTAT model, is nel

generally available for individual radiosonde soundings, which are made twice daily ((Xl0()Z and 12()()Z)
at many NWS stati()ns, Allhough monthly statistics are available and could have been used, the SRRAP
team learned lhat a recalculation of prectpit',tble water was being made for every sounding from 1948
through 1988 by Columbia University, under contract io DOE, In FY 1991, data for 73 stations were
made available to NREL through the NCDC, which was perl'omdng the calculations under subconlract
to Columbia University. During FY 1991, NREL issued a contract to the NCDC to complete the
calculations for 1989 alld 1990 and to perl'orm calculations lhr some stations not included in tile Columbia

University activity, These calculalions will be completed in early FY 1992. However, initial evaluation
of the radios(_nde data indicate:

• Autocorrelations of total precipitable water yield wfiucs between ().9 and 0.6 for lags of 12
and 24 ltcmrs. Tiffs indicates that linear interpolations between soundings can be used to
obtain hourly values _)1precipitable water for input to METSTAT.

• Ca_ss-ct_rrelati_)ns between stati()ns slu)w a well-behaved reducti()n in the correlatit)n

coefficients with increasing distance between static_ns. Tiffs indicates that sirtlple spat.ill

interpolatit_r_s can be used to estimate precipitable water for stations up to 4()1)km apart that
do nt)t have radiosonde data. This method is applicable throughout the United States,

Brcmdband Aer()s()l Optical Depth Data. Aerosol optical depth is and will pr_bably continue tt_ be the

m()st difl]cult input p_u'arneter to (_btain li)r mc)deis such as METSTAT. Altlu)ugh measurements Imve
been made at selected wavelengths using sun pilt)t(_meters, ihese data are considered t() have large
uncertainties that become larger when extrapolated to a broadband value for the entire solar spectruru {t),
1(), 11l. Furthermore, such data are only available lhr a limited number of locatt_)ns l't)r limitetl.l_eriods.
Consequently, calculations of aerosol ()ptical depth are linked to the METSTAT m(_del by using the

calculati_ms of direct n_)rmal transmittances for ()zone absorpti()n (T,,), RayleiDt scattering (T_+),absorptit)n
of unil'()rmly mixed gases (TAM),and water vap_)r ttbs()rption (Tw). These are combined I() ()brain ztvalue
for m()lecular transmittance, TM:

7'+_= T+,7_T+;_,+T++, (3-1)

Aer()s{)l transmittance can then be calculaled as

7;, =/v/l,,'r_, /3-2)

I()
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where /,v is lhc measured direcl nt_rlnul rtlc.litllit_nsuu.llr, is tile extraterrestrial direcl iu_rllial ratlialit_n,
Finally, Beer's I',tw is used tt_ compule brtmdbaru.l aen_sol _ptical dcplh,

= -hl(T,./m) (3- 3 )

where rpl is the relalive air mass, TI_e lm_ccdurc lhr calculating xnonthly moan aert_sol ¢_plical depths
begins wilh selecting quality assessed xneasurcmenls of direct norxnul raclialit_n under clt_udless skies, '
These measurements me t_btsfined with un inslrunlenl thstl was culibrsited by ct_mpsu'is_n wilh an sibst_lute

cavity pyrhcli_nmter, Then Beer's law is used {_ calculate brtmdbsincl aex't_st_lc_pticsildeplh tUld aer_st_l
transniittttnce, These deist sire used t_ estublish seas_nal pattertls, which _.u'eextrsq'_lstted tt__ltier It_cali_ns,

,,-XIl_eclt_,The effect of gx_und-t_>cl_ud rellectitms huve a significant effect t_n diffuse radiatit_n wl_en
surfuces are strt_ngly reflecting (high albcdt_), Sru)w craver inlbrmatit,n (deptll and nulnber t._l'days since
lhc lasl snowfall), mocli13ed by vegetulit_n cover and terraixl I'actt)x's, tu'e used to infer Iligher albec.h)
ct_nditit_ns.

Ozone, Publislled summtu'ies of ¢_z_ne data are used to obtain h_ng-teml In_nlhly means as a functit_rl t_l'
climate and lalitude zones within tile United Slates, These are essentially the stone dale used in the
SOLMET/ERSATZ data base,

3.4 Production Management and Documentation

Many t_l tl_e details nsst_¢inied with prtn.lucing Versit_n 1,()t_l"tile 1961-L99() Nalit_ntil Solm"Radiatit_ri Data
Base me describecl in tile FY 199()annual rep_rt 151 and m'e n_t repeated here, Tiffs seciit_xl will lt_cus
t_n tile current scl,edule arid tile lm_ductit_n pr_ccdures and d_cuxnexltalit_n requirenierlts thai evt_lvect during
FY 1991,

3,4, 1 Schedule

In ,lune 1991, an internal planning dt_ctlllienl titled Update ml the 1961-1990 ,S'MarRadiati(m Data Ila,ve
,br the U#titvd ,S"lah',vwtls prepared by NREL stafl" arid reviewed by selected external reviewers, 'l'he

purD_se t_fthis d_cumeni was tt_describe pr_cedures and present a sclledule li_rcompleting tile 19(_1-199()
Ntiti_ntil S_ltix' Rtidisilit_ri Data Base, si task thai was begun clurirlg FY 1989, In this dt_cutlierit, tl

prt_ductit+ri schedule was included, wliicll sht+ws tire tasks thut must be ct+mpleted tr+ finalize Versit_ri 1,()
by June 3(), 1992, This sctledule is repr¢+duced iri Figure 3-4,

'The sclledule sh_wn in Figure 3-4 Ims st_me siiuiltu'ilies tt_ tile t_ne pl.ll'_lisl_edin tile FY 199()arirlual repl_ri
15I, but the scheclule alst_ has s_nle ro)table differences, Besides Ille t_bvit_us differences t_l n_l int.'lucling
lllt_se tasks thal were already ct_xnpleied by tile end _1"FY 199(), Figure 3-4 d_es m_l irlclutlc lhc task

called "¢t)nducl stlakedt_n cruise" Ihtil WaS i.liscussed in lhc FY 199()tinriual rep_rt, "Flfis frisk was
inlended l()tesi s()llware and hardw_ue tr)be tised in lm)ducing the dale base, TI_e purpt_sc _1 finis lesling
was I_)identify prt_blems iri bi)lh hardwtu'e arid st)l'l,,vtu'earid ct)rrecl lhelli beli)re exnb_u'king t)n II_c full-
scale dale base prt_tluclit)ri, This task wus ilt)l ltlrmally illiple_nerlled in I;'Y 1991, parlly bccuuse t_l serit_us
delays iri acquiring S(llllOt}l" tile c(_inputer hardware upgrades required {t_llrt_¢esstill the s_ilttrrtitiititit)il tincl

nielet)rt)lt)gicsll dulsl. Furlllernltlre, ti rigt)rllus "veril]caiit_n arid vsilitlali()rl" prtlt.'edure was appliecl tr} till
s_lliwtue, wllich tidtll'esses St)lhCt>l lhc issue,'.; inlerl_.letlIii be iderllilied iii ti "sllakcch_wn cruise,"

3,4,2 Production Procedures

Bcc.'ausetil tile large v_llullie _ll'tlala irivt_lvo_lin Ille _.lalabasel_rt)_ltlL!iitln(up Iii I()_''piece:',t_l inl_rlilUli_n
l_lr 25f) slali_lns), a pair (_1i_l_lit.'altlisk tlrivcs was purcliase.ilItri Ille prttiecl, fT.acllt_l'II_c.'sc_lcviccs t.'tin

11
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Activities and ....... 1991 1992, ,
Milestones J A S O N D J F M A M J

#rocess TDJ3280and ' ' .......... =<
TD-3210 data U_ NI II II II II II

Process precipit'abie "
water data I___ i II I

' ' .................. I "

Calculate broadband
aerosol optical depth n_ml | Ii ii

,,, , ., , ,,,

Develop and validate the __ | II |METSTAT model
, ,,, ,.,,, ....

Develop and validate the
SYNCAL algorithm ml | II |

.... , , , , ....... ,

Reach'consenses on
formats and media ,dL

............. ..........

Perform stochastic analy-
ses and develop algorithm __U_U ! II iN

., , ,, ....... , , .... ,,,_ ,,,

Process solar radiation I in | Ii __ | | | Idata for primary stations
-- ,,, , ......

Process solar radiation ' I
data for secondary stations Imm_mnl _ mn Ii ii ii ii

-- ,,,, , _ _ ,., ,, ,

Prepare review draft of
documentation-vol, 1 _ II

I ..........PrePare review draft of ......| in ii _
._'__ _ .documentation - vol. 2

i .........Vol. 1 of documentation
printed _L
Deliver daia base ....................
products to NCDC nii

,, __=_ ,,,,

Vol. 2 of documentation
3tinted A

Piepare voll 3 of .....
documentation _n

Noles:1,Thedashedlinesindicateanintermittentactivityand/oracontingencyforunforseendelaysordifficulties.

2,m0il Indicatesanactivi'lyalreadyunderwayon ,_uly1,1991,

Figure 3-4. Production schedule fi)r tile 1961-1990 National _olar Radiation l)at,'l l},'lse,Versi()n I.()
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wrile (3()()Illegabyles per ren_val'_le disk (,3()()lnegubytes per side) und c;.tn Irunsfer clara much fas{er ill,in
traditit_llal magnetic tape, Allcr a 9-1m_ntll deluy, illis tT_tical disk systetn beta'hie available t_ the pro.jeer
in late FY 1991, "l'wt_ VAX ¢onlputers ;.Lteused l't_rthe prt_cessing: ;.tMicroVAX II and u VAXstutit_n
3 I{){),

The delay in receiving the _ptic;.tl disks required devel_rmlent ol'a pr_cedure t_ speed pr_cessing and
reduce the amount of slorage space, Tlfis was acc(mll_lished by creating a compressed ¢lala structure tc_
be stored in ;.ibintuy file, ']Tris required the development of a suite of libr;.u'yr¢_utines 111;.i.{could re;.td ;.tnd

write the bin,'try l]les ;.l.ndtranslale the compressed d;.tl;,linlo the variables used in the producli_n princess,
Once the producti_n process is cl_rnpleted, the binm'y flies will he c_nverled buck l_ ASCII bel'_re being
sent tt_ the NCDC,

A signific;.mt pt_rli_n ¢_I"soltwm'e developnlent time is devilled tt_ sol'tw;.u'e testing, q"w_ fundmnent;.tl
cor_¢epts ;.ire empl_yed: veriflcali¢_n and vulidation, Verili¢ali_n delermir_es if {lie s_ftware meets

specific;.ili_r_s, and valMttlior_ determines ii' {l_especificuli_ns tire c_rrect, Much t_l'this slra.ttegye_t_l_l_ys
colwentiorml tecl_niclues, such as fun¢liorlal testing and h)gic analysis, For example, during R_ncti_nal
testing, verilicali¢_n is ;.tccl_mplished by ¢{_mp;.u'ir_gpr¢_grttn__mtpu{ wilh lll;.tlpredicled lrorn file ir_pul,

1]1e l;.u'gewflu_ne t_l d;.il;.linw_lved in lhc d;.t{;.tbase produ¢li¢}i1requires a strir_gent contrail ;.lnd monitoring
process, "lTfisis ttcct_nplisl_ed thr¢_ugh three {r_.tckingfacilities: (1) the Process Status L_g, wl_ich delines

lhc rmnlber of h_urs limt each vtu'iable exists in any rlun_l'_er_1'predel]ned pr{_duct.ior_states (l¢_rex;.urlple,
missing t_r ir_lerD_ltited values); (2) file Pr¢_duction Sl;.tltls DtiI;.l Base, devel¢_ped l'r_n the Pr{_t.'essSlalus

L_g, which cor_tains il_l'orm;.tti_n about lhc stalus _t"each sile/ye_'/v;.triable (Ibis helps in tracking the
progress _1 producli¢_n); ;.llld (3)the File Stulus L_g, wifich pn)vides int'_rmali_r_ ;.tl_)ul which pr_)cesses
have t_een applied 1_ whicl_ files and where lhc flies are h_caled,

3,4,3 Documentation

Tile N(?DC will be the prin_u'y dislribul_)r t_l Ille dtllI.t ba.lse, NREl_, will prepare c_)nlplele d_)cunienlali_)n
t_ ...,,_ttlt_ne,,.,witl_ tile dnla base st_ 1hal when individuals receive d;.tttl pr_dut.'ls lhey will have ali the
essenliul ir_l_rI_;.ili_n_n using lhc d;.ila,base ;.illdurMerslanding whul i{ c_mprises, NREL will prepare Ibis
{llree-w_lume sel during FY 1992, V_lume 1 will he ;.tuser's lr_ttnuttl tired;.illt_verview _1 Ille dtlltt t_ase,
includir_g l_erlir_enl sl;.tli_n stalislics, Tl_is w_lunie will be ttv;.tilal;.le l'r_in NCDC ;.tl file sense tinm ;.ts tl_e

tittle t,tse_''" (etuly sullll_ler 1992), V_lu_e 2 will c{}nslilule Ille 11Ilallecllrlical :'Cl}_)l'l t_l' ll_e delft base

devel_}p_tlenl ttclivily and will include ali sigrlilicar_l resettrcll resulls, This w_lume will be ttwtilttblc by
ll_eendt_l'FY 1992, V_lunie 3 will includetic_n_plele lisling_lall c_illputerc_}des usetl in pr_cessing
lhc d;.tltt tu_d will pre,vide ti c_rnpreher_sive rec_}rd _t" till' princesses perl_rmed. V_luIl_e 3 will be _t
pernmner_t arcllive lr_ wllich ali inler_ediale and t)tllpUl pr_}ducls c;.ul be rec_)llSll'UCled, Tills v{_lUllle

will n_l he available unlil FY 1993 and will be dislribuled by N(PDC. _r NREL by special request,

3.5 Data Base Output Products

TI_e twit basi_.:pre,duct,,.;cttnling _ul _1'file devehtl_ticnl _1 II_eVersi_tn 1,()data base are {lied;.tl:.tI%'.;eitself

and Ille _ntl_ly ;.tlld nnnu;tl slutistics ttss{_cialed wi{l_ II_edata b,'tse, A nu_tll_er_1 {_pli_n:.;are slill being
c{_nsidered relalive I{_Illese Im_ducts and are briel]y discussed I_ere,

3,5, 1 Formats and Media

Allh{_ugtl I/_e lile slrtJt:ltlrc ;.IllcJ l_rlll[tls I{_ I)e usc_l I{_r II_edale I_ascwere n{_l Iinali/ctl in I"Y l{Itll,
discussit_nswilli N(!I)C, lilt pri_lary ur_.:l_iver;.lmldisll'ibul{)r I_)r Ille tlaln base,llavc Iakc_l l')lnL'Crc_,aRlin_,
tills, t_ttscd _n lllcsC {liscussi{_ns, N('I)(' will rcc't_ive II_c.{.l;.ll;.Ib;.lse in lt special "I'I)-32S1} [[:_l'lll;.lI till
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0-1rack tape, This l'orlllal will likely be designated as TD-32_2, because lhc original SOLRAD nelw(_rk

dala are designu_ed TD-32Sl, NREL and/or NCDC will lhen dev'elop s{)l'Iwztt'efor c_nverltng daIzt l'r_rn
TD-3282 1o major user l()rlntt(s such sls SOLMET and TMY,

NCDC is alst) etluipped t¢_pr_duce dat_.tpre,duels c_nCD-ReM, which may be an acltvity l'(_rFY 1003,
Compact' disk (CD) drives are inexpensive ztnd reztdily available for perst)nal cc)mputers arid t)l'l'er the
advantages of greatly reduced sltnage sr>ace, inc_t'e permanent slorage, random access Io lhc flies, und
greatiy reduced costs. Furtllerm()re, ,'tnumber _1 commercial services are available to inct)rp()rale sol'tware
on tile disk for display alld analylical purlx_SeS,

3,5,2 Monthly and Annual Statistics

Monthly and annual statistics Ibr each year and for lhc enlire 3()-year period will be lmn.tuced l't)r each
solar rstdialiotl and meleot't)lt_gical variable corllained irt IItc <.lalabase, Statistics for du,ily to(:fls as well
as ht_urly averages will be lm)duced as apf_rof)riale, This l)roducl will be entirely separale l'rc_mlhc dala
base itself ztnd will fit'sl be available t_n per'st)nal conlputer diskettes ztnd Inlet"t)n CD-ROMs.

In addition to their intrinsic value l_r many applicatiotls, such as rtmps trod dattt umnuals, tile n_Ilthly and
annual slatistics will also he of value for producing typical- and design-year data sets, A typical year is
defined as a dala set in whicll n_t'mals and means are similar lo file normals and means _1"/lie 3()-year
reference dala base, Typical dala sets, lherefore, can he used to evaluate file normal perf()rmance ol'a
solar ertetgy system ye_tr al'lcr year, Design yem's, on tile other hand, ark dala sels IItat c_mt_dnc_mdilions

represenlalive _1 l(mg-lerm e.vtrenle,v that can be used by a syslem designer It, ensure pr()f)er perf_)rmance
_)I' a syslem urtder the extreme comlitit)rts thai _nay t)ccur during lhc lifelirne of lhc syslem, Tllus,
generally, lypical-year dzilsI sels can probat_ly be successfully applied lo a large nunlber ()1 syslems and
ztppliczttions, Design-year d_ttt sets, on tile _lher hand; may require lhc use of differenl crileria for
selecting file dala t¢_be included, A design-year dala sel for a building healing zmd c_)oling system wt)uld

pr_)hably be based t_n diflerenl crileria lllart a design-year data sel l'_r a l'>hol_)vt)ltaicp()wer planl,

3,5,3 Quality Flags

A tw{_-cligitquality flag will he atlaclled I_}each h(mrly s_)lar radiati_)n elenlenl and s{)lile (hul m)t till)

mete_)r_fi(_gicalelenmnls, These quality flags will allt)w users I_ select ()nly data Ihal meet their criteria
t_l'acccptabilily.

S¢_lar Radialit)n Elelnenls, NREL will define and ztssigll lhc quality 'flags l¢_r lhc s_lar radiali¢)n dala

elelnents, The firsl digil l)r()vides inl'_)r_tiali¢_nalnmr lhc s¢_urce ()1"each h¢)urly value fl_r each cle_llcnt,
including lhc melht_ds and input data used I_ derive m_n.leleslinlales, F_r exan_ple, a high-qualily s_ui'ce
_)1inl'_)rmali_)nw_mld be represenled by direcl measurenmnls (_1gl_fl+al,direcl, and difl'use tadiati,_n, wllile

a relatively l_)wer qualily is assigned l_ l_lt)tleletl inlt)rnlali(_rt. Tile seCt)hd digil designales II_euncerlainly
ztllztched t_ each ht)urly value.

Mclet+rt+lt+jticalElentents. Alth_+ugh NCDC assigned flags l't_rnletetm_l¢+gical data tr+tile TD-32S()tapes,
_nany _1"them are specific t_)an individual Inetet>rt)lt)gical ele_lent and, in st_ltle instances, are specific tt)

dztla l'r()ln a t)arlicular l)eri_)d _)1"li_tte. As a resull, users w_)uld _)llen have dil'llcully ill inlerpreting lhese
flags l't)r II_eir ()wn use. Furlher_n(_re, tit) flags are available t()r precipilable water und ucr(_s(_l_plical
deplh. Tllus, NREl_, lid.tsah_f)led a Iw(>digil flag syslcnl I(_r _l()sl _tlele(m)l_)eical dala, "l'l_e firsl di-ii

-1 -) "_ II IIrepresenIs s_urce llags sucll as "dala as received t'I'(_lt_N(I ( t_r "derived, _l" "esli_ltale_l" values.

Unccrlainly flags reprcserll a range t)l' uncerlainly l_ercenlages ()l rcprescnl unki_t_wn ,_r undcl]nal+lc
uncertainly, TI+c uncertainties lt+r _tlctet)r(_lt)gical cle_tlenls will be less rigt)rt+us tiron tl_t+sc lt_r s_+l_tJ'
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r_tcliatit)n clclucnt,'q bccauso they will bc cstiiHatcd l'ruill limttcd inl'cwmttti_)n, In _)lllc cttsc_, tile unccrtaizaty

will he estimated l'runi tile t_riginal NCDC flag,,,;,

3.6 Plans for FY 1992

Vct','qlOtl I,() oi" tJlC data base tuld statistical suinmary pri_ducts will l+c cl)ml+Ictetl, with dt+cuntcnt++ttlt>n,

duritlg FY 1992, Several activit.les ++ireplarmed to iril'orm the si+ll.ir ct_nti+nurtlty i_l' this uuct_ml'_lisltttiertt,

Ft+rolilost anlt+l+lgthose will bc a natioill.ll scllitn++u'/workMlt)l+ tentatively st:hedl.lied l'tJr the scci+lltl week i+l'
Ni+voilibcr 1992, Tho soillinar will tnl'orill usci's ++lhouilhc dl.lla bi.iso and olt-ior roconl dovoh+l'>lliOril_ ill
_t)lcli' riitli++ilioil rcsl_i.ii'¢o ++lssosslliOiltactivities,

The scininm +will also I've++tti+rl.llll it) ohtatn inpul ori user needs for li.llUrc lwr+ducts ii+ bc clcvoltq_ccl l'rt)lll '
lhc data base and other soui¢cs such its salolltlc dl.tta, The cc)inliloii/)n o1' the 196 1-199()dilt_.i i'lit,<+oiu ++til
ilill_t+t'larll litilcsli+no thai should bc viewed as the ost++tlilishiilcnl o1' tj, Iool l't't)iii wllich ros()urt'c assOSSllicnt

Ilrt_dtil.'is will bo dovolupod, Crol.ition t+l" lhc ohita base will bca Ili++ljl)i+ fh'st stop tt_w++ircl,<41+nil]l.'++ti_l

illiprt+voilioi+ls iii liur ability to tt,_;scss si+l++iri'++tdti.itit)ni'esi)tlrcos ['fir roricwul+lo energy dovoli+l)itloilt,,,.;,
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4.0 EDUCATIONAL ACTIVITIES

4.1 HBCU Solar Monitoring Network

NREL cont_tnues to fund and oversEE the Historically Black Colleges and Llnlverstttos (HI3CU) S_ltu'
l'vlonttortrlg NEtwork, which has been ill operation at stx locat.tl_ns tn the southeastern and eastern UnitEd
StatEs since 19,15. The network is shown in Figure 4-1, and the 12fllowtrlg cc_llegcs and urllvcrsttics
participate tn this t_etwork:

• Bctllunc-Cookmarl College, Daytona BEach, Florkla
, Bluelicld State College, Bluclield, West Virginia
• Elizabeth City State University, ElizabEth City, North Carolina
• Mississippi Valley State University, lira Bena, Mlsstsslr_pt
• St_ulh C_.u'_ltna Strife C_)llege, Orangehurg, South Carolina

• Savannah State CollEge, Savanmda, Georgia.

_, "_ _ Sterling i
• "X... /_.._j_ /.d" L........_, ':

co_u,-,,h..( _/ _, / / _,
"%, _ _Bluefield State '_

_f" _____._lizabeth City State

....@-T- - /
Montgomery [/

' (,9 ",Bothune..Cookrnal_

Fi/4urc4-1. The IlIICU and SOl,RAD monitoring statil_,s in the southeastern lJniteclStates
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The objectives o1' tile netw¢+rk ct_t+tltnueto I'verectllzed:

. '1"ostgnltlctmtly lnqm+ve the ctssessnlent ot' st+lar rctcltutlt+nt'est_urues In tile Stmtheusl

• Tu enct+urc_,gethe development oI' acuclemlc und research progrcm`ts in st+lm'energy ttr HBCUs
. Tr+ cncuurugc the dtstrtl_utlort ¢)t' solm' t+ttdiutlt+t`tresource lrtl'_+rrnuth+r_and the devclt+pJncnt t+t' sc)lctt'

energy upplicuttons tn the Southeast,

Ectch stcttlon is equipped with tl tllerrtlc_rflle,-typopyr_.trtc_tnotcr t'_r nleu.suring globctl Ilt_rlzt_nt_.tlst_l_.u'
rudlatlort, a sliadowband stm`td with nnt)ther pyt'mlt_muter for meusurtng li`to diffuse I`tc)rtz_mtal st_lm'
rucliutlurl, und u battery.powered tnttroH'OCesst_r-Imsed elate ucqt,tlstth)n system for reut)rdlt`tg S-minute und
hourly averuges t_l' l()-sect_nd sumples, The st',tttons ut 131uetield Stute Ct_llege etl`td Elizabeth City Slate
University else have ctpyrllelh_rneter rnounted tn _tbuttory-p()wered automat tc sun-ft)llc_wlng trctcker li_r
meusurirtg the direct nurmul solm' rmtlaltot`t, us shown tn Figure 4-2,

The clare UCClUlstttonsystern recurcls ltto data _n audtocassette tttpes lhnt m'e sent mortllfly tt_ NREl_, l't)r
l',rt_cesstng, Listings til"the dater for 5.tnlnute, hourly, and daily pert_,cls m'e also pr()th.lced Ut the stutlt_n
us nta immediate display that xn_tybe used tt_ check stutton operutlons, A maintenance Inspectlor_ _1'Lhc
sll.ttion equlrmtent ctnd l.thrlel' nleteot'oit+glcal observation are made ',tCle;tst t+nce tt cluy, M¢)mhty thr_+ugh
Friday,

NREL pt't+cesses tj`tocluta ntontlfly, producing m'clflved dat',t tn tl_eNREL stm`tdard broudtmnd l't)rt:tm.t[ 121,
printed n_tmthly tahulm' reru_rts wtth htmrly averctges attcl dttlly t_tctls, und time-series pl_fls, The 5-minute

ctatu m'e t.luulity ussessed using NREL st_l'tware clevelt_ped l't_r this pr_jet:t, The quality ussessment
nletl'tt_dolc_gyinvolves cornparisons with phystcul Ilnttts _tnd lrtlernal ct_nslstency tests using the, twt_ t_t'
li`tree stale.trraditttion elements,

Dutct ct_llectlt_n l'_r the six-stati_n netwt_rk remains excellent, Fr_m Octt_l_er 199() thr_ugh Septentt_er
1991, nl_r(2 tlmn 9()% t_t' the pt_ssit_le 5-tninute ;tver_tged data were rect_vered and pctssed NREL.,'s tlctt_.t
quality ussurunce testing, Other ucu{_rnplisl_n_ettlscltirtng FY 1991 included _tsuhstanti_.tl l'tlndlllg increase

l'_r the _)perutit)n Ltlld nmintenunc(2 t)l each stattl)n; c_)t`ttinu(2dt)l'l'-site ¢luta sit,rage lt_r sal'(2gumding tl_(2
netwt_rk m'chtves {_I'digital medi;t; c_ntinued lur_ding t'_r ctl_mt-ltm(2student tt_assist with d;tt_.tpn_uessing;
ctncll_rl_cluctit_nt_l'mt_nthly n(2wslellers prt_viding I_elpl'ul feedback ablaut d_.tlttc{_ll(2ctit_I1aim devel_pnler_ts
in r(2n(2wal_leenergy res(2m'cl_und devel_pment, We alst_ ct_ntinu(2d tt_ prt_vide tel(2pht_ne supr>t_rt I'_r
udclressing t_p(2ralit_r_alprtlt_le_ns _.tteach st_ttit_n,

The t_pen ct_mlnur_icati¢+rtswith eucl+lstatit+n are vital l't_rlI+(2c¢+llectit+n¢71'l_igh-quulity (lair.t, We fcel tlcttt+t
quulity crmlr.ol t.'tttlt+nly be ur_+.lertak(2rtcit tlte tlme tile dctt+tm'e c_llected, By keepir+g t_1_enthe cl_unnels
_+Ic_+n_ntunlctttit_nwith ettc'lt sttttlt_n, tj`tc+soresr_¢+nsil_l(2lt>rduta ct+ll(2ctit_nknow cts st+t+nas pt+ssil_l(2wlten
l.tnd Ilt)W ct>rrect_ve ctctit_n IlttlSt t")(2 t_.tken0

4.2 Educational Initiative Plan

During tl_esut_t_ner _1 1991, lwr+I_igl_scllt+_+lteachers, M, Stt_ne und ,I, Be;tsl(2y, w_+rk(2dwttl_ tl_(2SRRAP

tc+help prepure ctplun lt_r using (2ducutlt_nul instittllit+ns lt+(2ximhd st_lm' rutllutit_tl rt(2twt_rktt_eusurettlents
In th(2 United States, This plan wus pr(2ser_t(2da,'.;tt prt_pt_sal titled Ur/,vLv,' Phm+'l E+lrt/t, A N+itimtol

Rr'ttewahle Era'My Re,vot_r_'eA,v,s'e,vsmetllIV_,lwork,S'_'t'x,itt,t_,S'¢'i_'tlc_:(ltt+lErhl+'+tt/mt, "l'l_ls plun rer_rcsents
n 5-year strategy t_ tlevelt_p +.tnalit_r_ul renewctl'_leenergy r(2st_urc(2data t'+usetltn_ugll zt l_arlnersl_il+_witll
the public etlucatit_n systctlt t+l'the United Stales, *l'l+eplan envisit+r_su netw¢_rk t_l'stutit_r_sll+t.+,tt.,.;tltiI_,nine
c'lilt+;tlic p;.u't+tllleters(gl¢_1ml,difl'usc ttl_tldirect rutllutit_n, wind :;l;e(2¢Iuntl ¢llrectit_n, precipilulit_n, n.'lativc
hu_+i¢lity, telllper_.tlurc, attd 1+tu't+_tletric:pressure), One t_t lwr>slcttit+ns per strife will N_'inslalle¢l', ._t+,vcn
regit_nul ce.rttc_,_tltrt_tt#ht_ut tile l.Jnilcd States will Itlar_ttgc, li+is i1elwt>rl,_,A t.'t+n.'st_l+1++t_rtItJttttlwill
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ct+tnprlse t'egtt_nal cullege trod university l'ttcultles li't_nl the seven regll+ns, They will t.rttin I(I tel 2()1c_cttl

site teacltot+show to operate tile equllm_erlt package, ut+lloct and trtmsmtt data, und l+t_stertl_edevelt+l'_nlent
ul' new tt+tst.rt.tctt_+tmipt+ogrutrtsund htmds-un ucttvtties irt energy- anti envirtmmental-t'elntetl m'etls, Besides
these d',tta ct_llcctl_t't actlvitles, the prt+granl Includes plans l't+rdlsscmlnt+ttl<._n_+I'data pre,ducts, mtldcls, and

rol'_t+t'ts, Thls pt+cMt_salllclps l+t_t'mtilt.',basi,',,' li+t+ all oducatl<.+tlulInlt.lative plan tc>l+e dovclt+l_c,dtlurlnL,
FY 1992,
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5.0 OUTREACh

5,1 American Society of Heating, Refrigerating, and Air-Conditioning Engineers

SRRAP perstmnel actively fnu'ticipate Irt the Antericart Suctety of Fletttir_g, Rct't'tgeratlr_g, aru.l Alr-
C/_ndltlc_ntng Engineers (ASHRAE), M¢_re than 5(),()()()mernt'_crs tu'c tn ASHRAE, representlrlg engineers

und architects who c(_uld benelit l'rorn renewable erlergy techn(Ht)gics, "f'hc st_ciety In turn (_lTcrs the
SRRAP the opt_orturflty to stay tnli_,'mcd about user needs, In FY 1991, SRRAP staff mernt_ers ullemled
the urmual and winter meetings uf tl_e suctety, pm'tlclfmted as a nmrnber (secrete'y) ct' tl+e 'l"cchr_lcal

Conlmittce 4,2, Weuther lnft+rlnatlt_n,prt_vtclcd tcclmtcul rcvtews for st_clety publlcutlt_rts and f_t'eSetltallt>r_s,
und served tm the Rt_cky MourHaln Reglt_nul Clmpter of ANI-IRAE,

5.2 Weather Year for Energy Calculations

Ampart ttf this pm'tictlmtlt_n in ASHRAE, SRRAF' stalT nmntbers are l_r_duclng u revised ttletc_rc_l_gicul
dutu set called WYEC2, This sec_ru.l vcrstt_n _1"ASHRAE's Weather Year li_r Energy Calculatlc_ns
(WYEC) will be un expansic_r_of the t_riginal data set and Includes data l'r_nn lhc 'T'MY data set prepured
fur NOAA, Ht_urly WYEC2 data wtll be aw.tllahle t't_r59 cttles tn the United States and Cunucla, sllt_wn
tn Table 5-1, 'File t;urface nleletm_l_gical data have been retained and cc_nlt_tned witll s_lttr radtutl_n
estimates using the latest mt_deltng techrHques, In acldttlt_r_to revised eslin_utes _1' the direct ru_rn_ttland
diffuse solar rudlatic_rl, lhc WYEC2 datu l__rrnat includes fields t_l'tliulninunce and luminance estlt_u_es,

The WYEC2 data wtll be distributed with a st_l'tware "Tt)t_lklt" li_r prt_vtdtng easy uccess lt: the (.ll.tt_.t,,.,
ct perst_nal ct_mputer, Tile WYEC2 data will be uvailttble lr_i_n ASHRAE,

5.3 American Association of State Climatologists

The SRRAP Science und Tecllru_ll_gy Review Cl_ntttlittee (this cornmlltec is ctiscussed in Seclil_n 8,())

rect_nln_ended tl_u,t;t me_nber _1"tile stuff partictpute in n_eetings t_l' lhc American Ass_ctuti_tl t_l'State
Cliltlat_lt_gists, In udtlilil_n t_ the it_dividual state clittl_.tl_l_gists, tile asst_ciutit_n im_vides tile t_pp¢_rtur_ity
tt_ interuct with federal und stale agencies such us lhc NOAA, U,S, l)el_artment i_l Agriculture, tj,S, Ft_rcst

Service, U,S, Ge_lt_gic_.tlSurvey, Calil_rnlu Office t_l' Hydrt_ltlgy, Oklullt_rna Water Survey, und _lllers,
A SRRAP staff member presenled a briel]ng t_n "l..,t_w-Ct_stS_lar Mt_r_itt_ring"ut the ar_nual tl_eeting,

5.4 Meeting of the International Solar Energy Society

Ali {_1"tile SRRAI:' stuff ultetlded selected sessi_ns _1 tile Ir_tet'nati_mulS_lar Energy S{_ciety's (INES) It)01
St_lur W_rld Ct_ngress lleld in Denver, (.2<_1_,,in August; and twl_ i}l' tile staff r_lembers cll;.tircd sessit_ns

tin s{}l_.u'r_.tdialit_rl,Ft_l.lrfmpers autht_red by tile prl_ject slafl" were f_resenled during the C _tlgress, und Iwt_
[n.tpers cl_-uulh_red by tile stl.tfl' were presented, '-l"itlest_l'ribose pupers cre inctudetl in Af_pendix A t_l'tl_is
rep_rt, in aclditit_n, lhc pr_ject sl_.tffpurticip_.tted in lhc annu;.tl nicotine _I' tl_e AIlleric;ul Nt_l_.u"Energy
S_ciety Res{_urce Assess_lent Divisitm, which wus held (luring tl_e INES C_ngress,

5.5 Other Technology Transfer Activities

Tile transfer _I' technic'al irtli_r_tlati_n lrt_n_ SRRAP tl_ users iu un increasir_gly ii_lpt_rtant l_art t_l t_ur
uctivities. We receive rcclUeSls I'_r inl'l_rttlatit_r_abt_ut _.tllu,'.:pects_1"st_lur rest_urce usscss_tlcnl urul use _t
stantlar¢l lt_rltl tt_ t_lair_t;.tirl_.tt'ect_r_.l{_1'_tlt_streClt£ests, A t(_t_.tli_l' 13(_d_ctlllleF_tc(l rctluesls ft_r tcc'lllliC:_tl
inli_r_lutil_r__.u'et_n lilt lt_r IvY I_)91, We rcsf_l_nded tt_ rccluests li't_l_ttl_e li_llt_wing sectt_r:;:
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• Private industry (engineering, architecture, life sciences, environnmntal sciences, etc.)
• Education (primary and secondary schc_ols, colleges and universities)
• Government (local, state, and federal agencies)
• Research and development (including olher NREL elements),

Sample requests in FY 1991 include world maps of solar radiation resources for the National Geographic
' Society, resource assessment overviews for electric utilities and others, detailed 5-minute data frcml the

Solar Radiation Research Laboratory (SRRL) for an NREL solar detoxification project, internatic_nal
sources of solar radiation for variou.s photow_ltaic applications, spectral radiation data and descriptions of
instrumentation for the Oak Ridge National Laboratory, radiometer calibration techniques and data l'c_rtlm
Electric Power Research Institute, and tours of the SRRL for many U,S. and re,reign visitors,

Table 5-1. Inventory of the 77 WYEC2 Data Files (By City)

Station Data

City State Number Source

Albuquerque New Mexico 23050 (T)

Albuquerque New Mexico 23050 (W)
Amarillo Texas 23047 (W)

Apalachicola Florida 12832 (T)
Atlanta Georgia 13874 (W)

Birmi ngham Alabama 13876 (W)
Bismarck North Dakota 24011 (T)
Bisrnarck North Dakota 24()11 (W)
Boise Idaho 24131 (W)

Bc_ston Massachusetts 947()1 (T)

Besro n Massac hu setts 14739 (W)
Brc)wnsville Texas 12919 (T)
Brownsville Texas 12919 (W)

C',_pe Hatteras North Carolina 93729 CF)
CuJiN_u Mat ne 14607 (T)

Charleston Sc_ufl-lCarolina 13880 (T)
Charleston South Carolina 13880 (W)

Cheyenne Wyoming 24018 (W)
Chicago Illinois 14819 (W)
Cleveland Ohh) 1482() (W)

Columbia Missc)uri 03945 (T)
Dallas/Ft. Wc)rth Texas ()3927 CF)
Dallas/Ft. Wcwtl-t Texas 03927 (W)

Daytlm Ohic_ 93815 (W)
De nvet Co lc_rad_) 23( )62 (W)

Des M_)ines l_wa 14933 (W)

Detrc_it Michigan 94847 (W)
D_dge Cily Kansas 13985 (T)
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Table 5-1. Inventory of the 77 WYEC2 Data Flies (By City) (continued)

Station Data
City State Number Source

Dodge City Kansas 13985 (W)
Edmonton Alberta 25145 (W)

El Paso Texas 23044 (T)
El Paso Texas 23044 (W)

Ely Nevada 23154 (T)
Fres no C ali lorni a 93193 (T)
Great Falls Ml_nlana 24143 (T)

Great Falls Montana 24143 (W)

Indianapolis Indiana 93819 (W}
Kansas City (Municipal) Missouri 13988 (W)
Lake Chtules Louisiana ()3937 (T)
Lake Charles Louisiana 03937 (W)

Las Vegas Nevada 23169 (W)
Little Rock Arkansas 13963 (W)

Los Angeles Calili)rnia 23174 (W)
Madl son W isco nsi n 14837 (T)
Madison Wisconsin 14837 (W)

Med ft)td Oregon 24225 (T)
Medli_rd Oreg_)n 24225 (W)
Miami Florida 12839 (T)
Miami Florida 12839 (W)

Minneapolis/S{. Paul Minnesota 14922 (W)

Montreal Quebec 94792 (W)
Nashville Tennessee 13897 (T)
Nashville Tennessee 13897 (W)
New Y_)rk Cily
(LaGuardia) New Yc)rk 94278 (T)

New York City
(LaGuardia) New York 14732 (W)

North Omaha Nebraska 94918 (T)
N()rth Omaha Nebraska 94918 (W)
Oklahoma City Oklahoma 13967 (W)
Phoenix Arizona 23183 (T)
Phoenix Arizona 23183 (W)

Pitlsburgh Pennsylvania 94823 (W)
Pi)rlland Maine 14764 (W )

Pi)rlland Oregc_n 24229 (W)
Raleigh/Durham N_rth Ctu'l_lina 13722 (W)

Sail Lake City [.Jttfll 24127 (W)
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Table 5-1. Inventory of the 77 WYEC2 Data Files (By City) (cc_ncluded)

Station Data

City State Number Source

Stm Antonio Texas 12921 (W)
Santa Maria Call fornia 23273 ('T')
Seattle/Tacoma Washington 24233 (T)

Seattle/Tacoma Washington 24233 (W)
St, Louis Missouri 13994 (W)

Talla.hassee Florida 938()5 (W)

Tampa Florida 12842 , (W)
Toronto Ontario 94791 (W)
Vancouver British C_lumbia 24287 (W)

Wastfington/Sterling District of C¢_lumbia 93734 (T)

Washingtoru'Sterling District of Columbia 93734 (W)
Winnipeg Manitoba 14996 (W)

Note: (T) = Data source is typical mete_rol_gical year (26 cities)
(W) = Data source is weather year for energy calculations (51 cities)

The station numbers fur the five Canadian cities have been assigned currently accepted WBAN
values:

Station Numl)er

City Province WYEC WYEC2/WBAN

Edmont_)n Alberta 322()5 25145

Montreal Quebec 7525() 94792
Toronto Ontario 68655 9479 I
Vanccmver British Ct_lumbia 18447 24287

Winnipeg Manit_ba 53222 14996
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6.0 iNTERNATIONAL ACTIVITIES

6.1 International Energy Agency, Solar Heating and Cooling Programme

6, 1, 1 International Energy Agency (IEA) Task 9

Tile IEA St_l;.u't leutltag und Cut_ltng l:'r_grtim ('rusk o) ,,vus Initiated In October 19t42 t<_tldvtu'_cc the state
t_l"tl_e m't tri lhc mcusurertlertt und cstlmath_n t_l"solar rtttltaliorl, The initial tJu'ec subtusks were t:_lllI+lctctl
irt 19S7, _.trtdthree new subtasks were bcgurt at that tlt+uc, "l"ltcscl'_cttulc l't_r ct_trq+lctl_t_ {s ,lune 'lt)t)l,
E, Maxwell attended the tqnul rtleeting t_t'Tusk 9, held In '-l_t_t't_rttt_on Ar>rll 22-25, lt)g l, Hnul lechnicu,I
results wore I_rescntctt l't_rca¢ll t_l"lhc subtasks,

Subtask 9I): "f'echrttques fur Stll_l_lemcrtlln_ Netw_rk Duta l'c_rSial!tr Apl+llcalll_ns, 'File t_t+.jet.'tive_1' tills
frisk wus tt_ cvttluate tecl wtiques fc_resttmatirlg st_lar rattiatit_rl t'¢st_urt:e`stil Ii_c+.ttit_rtsbetween tueusuremer_t
stutit_rtm, The techt_tques evaluated lrl¢lutlcd several lttetht_tls t_l'geoslattsllcal lnterl>t_luttt_r_(e,g,, "nc+.u'cst
r_elglfl+t_r,""gravity weiglttcd t.,.veraging," u.rtd "Kriging"), satellite estimates, cluster t.tnulysls ustr_g
tupogru[+lxic;.tldttttt, ttt_d clottd-bttsett tlw_tlels, Pt'trnarlly, the United St_ites parriciDe,tori tn this subtusk tt_

l'_rovide three l-yem' claretsets (_rte euth l't't_rttthe Pactlqc N_rthwost, lhc Stmthwest, und the Nt_rtheust)
and to tirtalyze clot_d-based mt_tlels anti satellite teclttaitlUeS,

'TTtc 1+inalct+rtL'lusit_rtst_f this mubtask m'c that st+_tle, ct+tublrmtlt_n t_l" tlt¢_tleling, s+.ttcllite, tld.tta.t,antl

getlstatiStmlC_.tllnterl_t+luti_+nwill be, rice,tied l't+rrnt_st I_+ctttit_ns, Ni} single tccllrtique Is likely tt_ pr¢+tluce
sutisl'uctt_ry results, In mltlitit_n, tile tiltle, and ct+st ot' Kriging tu'c r_otjustilqctt by the Still.tilitrt[_t't+vetltctats

t_ver tllc si_lll>legravity nletll_d (_I+ititerl_t_lati_r_,

Subtusk 9E: Rept'csetltative Design Ye+trs l't+rSt_lar Ener_.y. Aprfllcatl{+tts, Tltis subtusk l_rt+ttt_ce,tltt vttlu-
uP+let_verview t+l'the st+ttistical cllat'+tcte,ristics t_fst_l+.trt'mliuttt_rtdata, surve,yetl the metet+rt+lt+gict.llelctt!ents
their sit<+uldI+e it+lcltttlctlin design-year subsets, t.ir_ttstutlictl rtietllt+tlml't+rcrettting syntl'tetle tltltt.tsets, The

United St+.tle,sl_ttrticil+_ttedtr+l+rt+vitleH_etet+tt_lt+gict.llttrttl st+ltir ratliati¢+rt tl+.ilasets l't+rclip+lt.tiesdissinltlur
t'rortt tht'_meft_utltl in Etit't+pe,

The lqnul results t+l' litimsut_tusk will include rct:t_Ir_mendatit_r_sl't_rl_rt+tlucingclcsi_n-yeur subsets, u rel_t+rt
t_nst_lur rtttliutit_r_stutimtical cllaractctlstics, anti sunllfle, tle,sigrl-yem subsets l't_t'seve,r+.tlEurt_l_eunu_ttrttries,

Sut+tusk 9F: Irrmliunce Mct.tst_t'ellterttsI't+rSt_l;.trC¢_lluutt+rTestin!_,,,This sut+tusk ur_tlert¢_t+kextensive evztl-
uttti_+t_st+l"the uilttrttutotistics t,f ,,.;clairruditmlete,rs, litc tlevclt+l_tIler_tt+l"instrt_¢tit+rts l't_ruSttl,- l"_yr_tnt+llleturs

in tests t_l'st>lar ene,rgy ct_rlverters, t.trtdlito dcvcltq'_merlt ttrltl testing of +tsingle trucker reference gll+bttl
rutli_mlctct+, Tile tJr'_ited States ptu'ticitmlc¢l tt_ cvttluate the uging _I' pyrun_tllelers,

"l"helirml results l'rt_tt tills subtusk will include several rcl+t+rtst+n l>Yran_tlete,r charucteristtus, Euclt t_l'
the existing pyrttnt_nleter t.Yl+eSslit+well sh_t'tcl+_tlirlgs tllat sllt+tiltl be al.ttlresse,tl Irt tile r_ettr I'uture, Single

trucker refercr_ce glt+l_tilr+.ttlit+tlteterswere, tle,velt'q+cdtirtd tcste,d by Ctitxtitlti,(]cttlltlrty, ttntl S',,vetlert, Their
mcusurct_aents _I' glt+bttl l_t_rlzt_tltulratliatii_n gene,rally agrcetl within I%, Ir_structit+nml't+r tl_c tlme t+l'

l">yrant+metersin testing the` l-_crlt_rltlarlce,t+l s_lar systems were [+rermretl tti_tl testc¢l by erl:,ineers l'rt+_t_
institutil+ns Illttt 1_:rfl+rttl sucll testinL2, "I'llese i_astrutti¢+r_swill t+e publisl/etl +tntl tttatle ttvttil_ll_letr+ till

,,, pt_tentiul users,

Pul+licutit_n I_l"l+inul l",cl+_t_rts,'l'lw luu¢l ct_urttry lt_r cuul_ mublusk is resl+t+t_siblel't_r l+ml_lisllin_• tile litl+tl
rcpt_rts frt_ttlT_tmkt), AltlII_u_ll tllc ttt,'.;kft_rI+tttllyer_tlctl ,lui+_c3(), It)t)l, the l+t_l_licutit_nt+l rel-_t+rt.'.+,,,<'illllt+t
I+ect_tttl>lete¢luntil ltjt)2, NRI!:.,I_,will l+rt+vitlcl_t+_ttlu<.litit_ lt+rtile Sttl_t_tskt)l) finul rel'_t+rtfluting, t:Y 1_)_)2,

24



TP-4(_7t)

6,1,2 IEA Task 17

Durirlg lO01, the IEA Sul_.u'Heating and C¢+¢+llng,t::'rt+grantnielnltlatetl a new 'Task 17 c_nMettsurlng and
Mt+deling Spectral Radltitlt+n A1+l'ectlngSt+lzu'Systctns nnd Buildings, "l-'lleuhjective t+l' tills task Is tc_
lmprt+ve the ClU_.U_tltyand quality t+l+spcclral rttdlatlc:_ndattt, bt_th hrt+adhand and mtrrl+w h_.trztl,needed l'/+r
the design nnd _.tnnlyslst+l+sulttr systems tintl buildings, As t+l'Sel_ternher 10Ol, the task c/_nslsted t_l'llve

subtasks' Suht_.lsk A---na.rrow-hand spectral and bt'l+ndbnnd infrared ratltunletry; Suhtask B was deleted
hy ct+nsensus t_l' the task p_.uttctpants tn Septet nher; Subtask C--.narm_w-band spectral ra¢.tiattt+ndata
acqulsttlun and ann.,lysts; Suhtask D---n_.u'rl+w-hand spectral t'adiattt>n tnodeling; Sut+task E--hrt+_.tdband
visible r_.tdlatJ/+tltin.ta ncqutstttl+tl anti analysis; and Suhtask F--t_ruadbantl inl+rared racllatlt_n data
aCt.lutsitit_rl and analysis, The Task 17 i}pertttlng agenl, F, Kasten (Deutscher Wettercltensl,
Meteorr_ll_e,isches Ohservatt_riurn Hanihurg, -",.. Gl.rnlany), requested that C, Ril_rctan (NREL)lead Suhtask D,

and NREL was asked tt_ r_arttctpate in sUhtasks A, C, and D, R, Percz (State University t_l' New Y{_rk-
Albany), the only i_lher U,S, pnrtlctpant, was asked tl_ he lhc lender i_l' Suhtask E,

NREL ht_sted lhc Task 17 t"rl_ject Delinttit_n Wt_rkslllq'_tn Gi)lden, Ct_lt_rat:ll_,irt February 1091, The flrsl
Experts' Meeting was held in Freihurg, Gertnn.riy, tn Septemt_er 1991, hosted hy the Institute l'_r Sl_l_.u'
Energy Systenis (ISE), C, Rlt_rdan attended this meeting and acted as suhtask leader l't_r Subiask I.);

I'tt_wever, hor participation was tn an unl_l'fictaI capacity because DOE apprl_val for p_.u'iictputi_n in Tusk 17
is still under cl_nsiderattl_n, NREL alst_ funded R, Perez tl_participate in Task 17 in an unt_l'ftclal capacity
tl_ enhttnce U,S, pnrticipatit_n anct tu establish a DOE tie tl_ the Internatiunal Daylight Measurement
Prt_gram Ihrt_ugh Suhtask E t_l'Task 17,

A detailed t.riprept_rt l'_r tile Freihurg meeting was sUbtlfltted tl_ DOE in Octtfl_er 1991, Briefly, tile rept_rt
describes a tt_ur/_l ISE and the prt_pt_seclTask 17 structure, participants, and actil_n items l't_reach suhtask,
The Task 17 dt_cunlerlts tu'e heine reviewed t'ur apprl_val by the IEA Executive Ct_rnmittee,

C, Rit_rtlnn cl_ntinues tu act as the Suhtask D leader while DOE apprl_vttl lt_r participatl_n in Task 17 is
under review, C/,nttnued NREL suppl_rt fur R, Peroz is under cl_nsicloratit_n pending DOE apprt_val, TIle

"Fask 17 wl_rk cl_sely pzuallels planned _.tndneeded wl_t'kin tile DOE Resl_urce Asscssilient and Building,.;
prt_grams, With zt sntall investntent in ct_urttinatit_n time, NREL can pctrticipate in a task tltat increases,
by cit least 15, tile U,S, staff writ'king t)n spectr_.tl sl_ltu"radintit_n lily,doling, tnensuren_ents, tilltt data sets,
q'lle task ',,wu'k will prt_victe ini't_rmatil_n t_n spectral st_ltu' ratliatit_n needed tl_ clesign and evaluate lhc

l_erl't_rniance t_l' spectrally selective st_ltw c_nversit_n tecl_nt_lt_gies such as pht_tt_vt_ltaics and specially
tlesigrled windrows l't_rdayligllting and energy lllanagetnent in huildirlgs, By pzu'ticipating in Task 17,
NREL'.,.; input at+t+utthe tlirectit+n t+l' the researcll can he t_cneficial tr+ tile DOE prt+gt'ttlns and tile U,S,
,,.;_ltu"energy industry,

6.2 Saudi Arabian Solar Resource Assessment

In etuly f:TY 199(), E, Maxwell traveled tt_ Saucli Arabia rts ptu-t t_l a li}ur-perstlri DOE leani ll_ explt_re
t)pl_tlrlunitios t_lr jt_lnl Sautli Ai'abiaiUU,S, renewable energy prttjecis, Yl_llt)wing lllal visit, lllttns wore
prcp_l_redl'l_r a j_ini elTtu'l invlllving lhc KJlig Ahul_iziz Cily ftu' Science all(l Tecttntllt_gy (KACST) l.lllll
NREl.. t() upgratle tile assOSSlllOrlllit still.tr l'atlitiIitln rest)tilmOsill Sautli Arahin,

During FY 1991, flu'cesciontisls l'r_lil KACST visilell NREl. i_l discuss ituee t_piit_ns,prtll_tlsc'tlby NREl.,,
ftu t.'i.urying llul tlli,,; Wlllk, l-]_l,,4ctlt_n Ilioso tlist.'ussitlns, i.l tlelailecl sltitollioitl iii wt_rk _liltl hutlgots wore
pret-_uocll'_i a 4-yt.',arpr_tjccl, These plans, whil.'ll wore suhlilillotl I(_KAC.ST It_r illoir review til lilt', slttrl
til' [-;'Y l{)t)2, call l'tlr lhc tl,,.;o()1a sillall pi.irl i_l Ille SRRAI" ftintls lt_ i)nrli_llly SUl-q)tlillhoso aclivilies lllnl
will, in lurn, he syrlorgislic wilti rosol.trch lllaitilotl l_r Illis salliC pcii_ll, Midst _ll lhc ll.iiltliil{_ will ht.,
pr_vi/lotl hy lhc ,f._,tlvornllit.,l<lllit ,ql.iutli Aratlia,
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_l"w_of tl_o uctlvlties l_larlned li_r this lm_ject will f_tu'ttcultu'lybenefit the lt_ng-terill SRRAI:' _bjuctivos,
The first invl_lves tile _lelailed chtu'aclertzatlt_no1' tile I)llnetallic actlnl_graf_lisuse(t t_i c_llecl rift]st t_l' the
Itisl_rical st_laf ratltatit_n data ll_ Saudi Al'ttbltt, These lllsirulllenls have been used ill Illany ctmntriest

becaustztlwy tl_ I_t_lrequire ally exlernal l)t)wer s_tll'ce l't_rIhetr t_perallt)t1, The chtirtlciefiztitJl_l] i)l' Illest;
iaslrutltonls utider ti_ojoint KACS+ITNREL lm_ject will lmwlde vttluable lnl'_rzllath_l]regtu'dtng [lie quality
t_l'Ille (lala c_llectod in Saudi At'tibia and ill till _iher ct)untries where they have bool_used, Furthet'_l_)re,
the cllaracterization will likely stq)ptwt II]o t_pgr'tde _1'llisltwical, currenl, and t'ulure dala ct_lloctc,(l with
these [nstrulnonls,

01' even greater l)t_tenlial benel]t tt_ SRRAP activith',s will be tile ttevel¢_p_tient t_l'tecllniques tt_cl_xlbine
surface _teasuremenls t_l'st)ltir ratliatit_n and niele_l'_l_glcal dala wilh satellite rttdi_itieter nieasurui_lunts
tt_ prl_ducc tt uttift_rln +...,ridt_l'st_lar rttdiation data acrt_ss till _I Saudi 'Arabia, Altlt_lugl_ lile satellite ¢l+.tta
l't+t'Saudi Artibi,,i will ct+mc l't't_rl the Eurt_l)etm Motet+sat satellite, tile _nctlu_dsdcvelt+ped at+tdthe l_til)t't>vcd
scicntil]c knt_wledge will directly benol]t sitnilar cl'l'twls planned I'¢_+,the United States using tl_c
(]et+statit_ntu'y ()bscrvatit>tml Etu'th Satellite (GOES) and NOAA pillar t_rbiter satellites, Becttusc bt_tlt U,S,
arid Saudi Ai+ttbittnelltwts will take piace fluting tile next sever'al years, bt_tli ctmntrles will t+icct'uebunel]ts
t't't_tl tltis .jt_int prt_ject,
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7.0 SOLAR RADIATION RESEARCH LABORATORY ACTIVITIES

7,1 Background

l'he Solur Radiation Rese+.u'¢h t.,al'_t+rt.ttory (SRRL) is located on South Tuble Mount+.tirt in Gt_lden,

CtHt+rm.h+, ne+.tr the NREL t+lfices (Figure 7-1), SRRL provides the t+utdln+r rese+.u'ch tileusurentcnt

capabilities needed hy the prc_ject tttul supports other progr+.tnis _.tlNREL, Since 1979, the develCH>lnent

and uperutic_rt i_l' the l+.tborut_ry have l't_¢used on II'tc lollowing objectives:

• Buildirtg a resem'ch data base that cltaracterizes sol+.tr radittti(_rt an(l mete(_rt_ll_gical ct)riditit+ns l't+r

the various solar teclmologies

• Prt)viding +.twt)rM-cluss facility for tmtth+()r calibr+.ititms ()I' radii)meters tr+.tceahle tt) internatic+rlal
stand++u'ds

• Acct+rnntt+datirtg the varying research needs +.tssoci+.tted with the develt_pment +.ind testing <>I

itttproved st_lar t'adit.itic>rl instruments, atnlt)spheric rrtt+dels, +.inds_+lar energy c¢>nversit_n devices

• Establislfing a It+rig-term solar t'adiatiorl and nmteort+It_gical and clintat_)h_gicul dat+.t base l+¢+rSt+utll
Table Mtmntairt nem" G¢_Iden, C¢_h+rudo,

The Baseline Mt+rtit¢+ring Systeltt (BMS)at SRRL cc+llects the 17 data elernents listed in Table 7-1, We

use a buttery-powered data acquisiti¢+n system li_r samplirlg lhc channels every 1() sec_+nds, Five-lninute

averages are sitar'cd t+rt cassette tape l't_r +.til but li tc wind speed and wind ttirectit+n cl+.tta, which are

instarttanet+us samples t_tt a 5-rnirmte interval, +Fhe cassette tapes ;+u'eprt_cessetl weekly, using +.tsystein

t+l' pers_+nal and mini ct+ml+uters in li'tc St+l+.u"Radi+.tli_+nData Pt'_+cessing Labt+rat_)t'y, Witl'_ +.issist+.trtceI'rt+nt

stuff metnbers at the NREL Metrt+lt+gy Labt+rat_ty, we perli_nned daily maintenartce cl_ecks _+t_the BMS

tlm+ugl'_ Juno in ct_r_.jut_ctit_riwith a special prt_ject funded by lita Plu+t_+vtlltaics Pt'¢+grant (soc Secti¢+n 7,2),

Beginrting in ,luly, nlainlermrtce reverted lt+weekdays t_rtly, M+.tirltenance rec¢>rtls +.u'ewritten t+n a stamlard

It>g lt_rni +,tsp+.ut of t+ur i.lU+,ility+,tssurartce efl'¢+rts, M,::_re than 95% t'_l'the pt_ssibte 5-rniriute tl_.tttt values

were rect_verecl during FY 1991,

7.2 Radiometer Calibrations

Mt_re tltan 9()rmlit+ltteters were calibrated t_utdt_t_ts ut SRRI, tturirig FY 1991, We ct+ntittue tc+reline t+ur

Btt+udburid Outdt+t)r Radit)nmter CAl.,ibr+`ttit)rl (BORCAL) prt+cedures, Pyrhelit+lltetet's t.u'e calibrated by

c_mpm+irig IItc v¢_llage signals lrt_lll the r+.tdit_ineter being tested with IItc reference tlircct llt_t'lllttl st_l_.tl

rmlittti_n +.ts rnettsured with arl electrically self-calibr+`tting +,tbst_lute cavity rttdi_ltteter, Typic+,tlly, tl'_e

aver+,tge i>l' mt+re tllun 5()() suclt l-i:linute ct+lttl'>+.t,rist'_rtst_ver +.lilet.tsl IItree ch+ud-l'ree duys +.u'e used ill

deternlining lhc niel.iil calibrati_n facl()r (in t-iV per W/ni'>), Pyran_nieters are calibrated by stilllllling
IliOctstirelnenls t)l" the reforenme direct rl()rlii+.ll s(_l+.tit.'l)inpt)rierll, +`tsInetisured witll +`inubst)lute c+`tvity, +`tntl
ll_e dift'use hliriz(inl+,tl ct)illp_inenl, +,isliieasured witlt a Illerllitlpilo-basetl pyr+.in()lltOler untler +.itjac'king tlisk,
The reference ghH_al s_)lar i'mliati{m is calcul:tled frtllii those lwt_ inel.istlrellleills +,intt tile t.'(_rresl_()ntlinu
c(lllipuled stll_u zenith anglo, We Ctllnp+.ue the reference r+,ltli_.llit_llwilll lhc wlll+.tge sign+,ll l'i't_ili cat:li
pyiutlllilicter Ioslotl I_)delerlliino lhc t.'alibr+`llitln I;.ic'l_lr (ii/ ILiV per W/in"),
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Tal}le 7-1. SRRi, liasellne Monitoring System Data Channels

No. Measurement Parameter Instrume.t*
.........

1 Gloh_fl horizonlal lrradiance PSP
....

2 Dill'use horizontal irradtance PSP
..................

3 Direct n(}mlal lrradiance NIP
.....

4 Global trradiance ()n 4()° s()uth-l'acing tilt PSI:'
,,,

5 Gl()bul nornial inadlance ()n two-axis tracking surface PSI:'
.........

6 Global irradiance on ()no-axis trucking surl'ace (lloriz()nt;tl, CM-li
north-souih axis)

..............

7 Global horizontal irradiance (78() - 3(X)(.)nra) PSP
.......

bl Direct rl()rnlal iiradiance (7bl() - 3()()()run) NIP
i i .....

9 Total-horiz()ntttl ultravi()let irradtance (295 - 385 nra) TUVR
.............

1() Gr(mnd-retlecled irradiance PSP
, , .........

I1 Direct llt)l'lllaJ irradiance (5()()lllll) LCSP

12 Wind speed, 1()iii ab()ve ga)und level TGT
.........

13 Wind direcli()ii, 11}iii ab(ive gr(iuntl level TGT

14 Dry bulb temperalure CSI
.......

15 Relative humidity (TSl

16 Bu.niinelric pressure YSI

17 Direcl nl)rmal ullruvi_)lel irradiance (295 - 3,",15nal) TUVR
,, ,,

*Inslrulnenl cihhreviaii_)ns:

CM-II = Kipp& Zt)non Pyran(iineler, ill(idol CM-II
CSI = Culnphell Scientific, lhc,, ill()del 2()7 t-lc)t)e

LSCP = NREL..designed lc)w-ct)st sun ph()l()llieler (T, Cann()n)
NIP = Eppley Lah()rai()ry Pyrheli()ineler, in(lt.Icl NII'

PSP = Eppley Lah()rat¢)ry Pyran()ilieler, int)ttel PSP
TGT = Teledyne-Ge()lech Wind Systein
TUVR = Eppley Lah()rai()ry Phl)l()lneier, in(}del 'FUVR

YSI = YoII()w Springs lnslrunlenl C()llll)any
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During FY 1091, wu developed alld testud ix system t'{_rcixllhrixlttag l_yrtttit_motut's on tin Inclined surl'ttce

such us flat,so tisetl l'tlr pltine of tlrrtty tiluixsurulllenls, We utll.illrnlud ihttt lhc till el'l'ects til' the Eppley
[.,tibtwixioi'y's lilt_tlel PSP tire less thrill otir nielistireillenl uncerlixlrlly esiixbllslled li)t' (1LCrctlllbrixlltltl lneliltltls,

Also durlt.ig FY 1991, wu received Ihu tesi.ills (ii' lhc Iriiurliixllol+lixl Pyrhollolliulur Ct_nil'_ttrlstllis helcl li_
Sepluniber arid Oclot_er 199(), We operixlud two electrically sulf-¢l.llltlrattiig tihst)lute ctivtty rixdtoniulers
durinL_ the tiliur¢ompti.rlsolls til Iho World Rixditll.loil Cunle,r In Dtivtl<',i,Swtizurll.trid, Our traceability t(l the
World Radtonielrtc Reforeiice (WRR) for each til' lhu ixbsl_lule cavity i'ixdloiiielers ts ixchlevud by at{lusting
the rixdtixliot.i values by the nltillJplters rosl.illtng l+roni ihu lillerctlnll_t.irisoi+l,

7.3 Testing Rotating Shadowband Radiometers

'TTleSoltu' Rixdlatluri Rusourcu AssussInurit Projecl ctlOl_erixtud wttll iiiu NREL, Pllt_tllvoltti.lcs Prt)grixnl rind

thu Electric Power Rusutu'ch Institute (EPRI) It+ c/_nll'>ixrusuvurixl st}ltir rtidtixtlori tuetisurutuut.it systutns tls

opttlms for l)erl't_rnltllg sl_ltu' rixdltllttln ixssesslnents tt.i ti utlllty's service terrllliry 1131,EPRI ixcqutrett
lnstruiliunts c.'ixlled roiixitrig shixtlt)wl'>tti_d rixdtt)nieters (RSR) l'i'(liii twt_ illttrtl.il'acturers, acid NREL lrtstixllud
l l'lelli til SRRL fur ix 6-iliorllh ctlnipartsl)n wlil_ SRRL rixdttlnlelers, Tile RSRs 114, 15, 161cise ix
coninierctix.lly ixvttilixhle stltcori-dutecttw pyrant)iileter to nluixsure global horl/,ontal rtttlitit.itlri ixs well ixs

dliTuse rtidtixl.lot_ wl'ien lhc rotixi.lng band blocks tile dh'ect rixdtallori durtng lhc blind's rotixtt(_n, Direct
ntll'lilixl rixdtatton ts cixlculixtud by subtract.trig dll'l'use i'rotll glol'ml, ii.hd hy cztllculixtirig iiiu Still'S l+t+sitiun
t't'lini the location, ttnle, ixritl day i)t' the year, Thcis, title lnslrtlnlcnl is usud tc) ohlix.tn vixlues l+()rgll)bal,

direct, ixild dtl'fl.ise i'ixdlixlJllil+ Data l'rt)iii the RSRs were conlpai+e.d wtti_ di;itri l'rt+in the btiseiirie
lnettstirenierit sysloni til SRRL, which tncludus ix pyrtirit}nlulur fin +niea,,.il.irti.iggll_bixl hiMztlntixl rixdtixlltln,

ix pyrixillinieler with ix niat.itiall 7 adjusted shixtltiwhtintl mutit.;ul'ing dtiTtiso Ilort/,tlrll'al, anti ti pyrhulltintetor
intlunted in ix sl+lixr t.rixcker inuixsurti.ig dtrect iltlrniixl rtldlixtllin, etl seloutetl cletu'-sky days, rol'erencu

rttdlixtit_ri wixs tnetisurecl with ix cavity rtiditmieter (.direct i.it)t'intil) lind ti pyrmltlitiotui + with ix trticklri 7
shading disk f,difl'use),

Dixtix l'rt_in the vtu'itltis llists'l.inlenls weru cl}nil'>tu'ud I't_r 6-1ntliitlls, t'i't_ln ,iixi_tiixry tllrl_l.il,!.zliJune 1991,
Ctltll['ltlristitls t_l' daily ii/till i'titlttitit_ll l'ronl the RSRs tiliCi SRRL llisirtllllorits gtivo ctlel'l]clunts til'
delerinll.il.tllt_ri grotller llitin (),98 Ii,' gl_lbixl, direct, i.md tlllTI.lse t+titlltitttlil nletl,,,;tirenlerlls, The structtire _1'

tllo dti[ly pt't_l]lus i_t' 5-1ntntlte ixverixgutl rixdtixtltln wixs stnliltl.r l'tlr till lrisl.rtlnlei'lts, F;I.lrther tlntilysls will be
[_erftwilietl ltl t.'t_illpixre lhc syslenis till ,,_ovei'tilttine settles (1-iliini.ile, 5-inliltllo, 15-1111ilLltU,i.uld htlui'ly) tintl
tt_ illtl.ku ctlnll_tirist_ris with ll_u illghust ixccclrixcy rel'erolK'U syslenls, In genortll, llrelllnlritu'y evixltll.llitli.i til'
the clixla ii_diuixled lhtit till illstrtllllellls iii the t+'tillllltirtstlil el.iii be ¢l}llSltlured its t+l+titlns ltir stiltll' t'tttlitltltin
t'ost/urcu tt,'.;,,,;¢s,,.;iliut.it,l-lt_wuver, we nitist rot.'t)grli/,u thtil tile RSI+,s m'e still titlder tlevelt+pilleilt, ixnti there

is llnliled Iteld eXl++ertonceli+ ditto, Delatls iii lhc ullitil+m'lst_i_ will I+e tivixiltihlu in ix tesi rt,p(>rl tlolnlg
l_repm'ocl I'_y NREL tinct EPRI, with uxpuctetl t.'ilil+ll_lutltli_ in em'ly 1992,
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8.0 PROGRAM MANAGEMENT

Rtlt.ttlrtc 1_rt,_t'ttnl Ill_.ttlttgctllcr_t _.tutlvlllc,',; ltl I_;'Y1901 Inclttdetl teullrdt.'ttl _.trldtllttn_.tL_,,UZllcntlnlcrttctlt,tlr, wltll

D()E, l'll.ttlt+lll.l,lIttl+t+r_.ttt_rlc,',;,_.tntl t+thL',r l'etlertll ttgel_cles; l_rc+tluctlt+r_ t+l" tlltlntllly t'el_t+rts, 0-1]lt+nlla sell'.

i+crl'llrrtltUlt:e scll'-ltSSCSStllCtlt,',;, ttmt l'_rt_grttrtl t'cvlcw lllcctlnL_r,s; i_rcl_.trtttl¢+rl t+l' llcld wt+rk l_r¢>pt_sttls ttr_tl

ttnrluttl t+l+cr_.llltlgl'_lttr_s; lind t.'t'JIltltatl_.tlrtltxrltlgertlcnt t_l' I'_lltlL_,,cts,scllctlulos, tttatl Illllc,'.;lt+ncs, in _.ttltlltlt+n, _.t

iltltlll+of oi' Sl+t.'t.'l_.tltwtlvltlcs tt+t+k l'_llluc In I-TY1991 ttr_tl tu'c ,',;tlllllltttl'lzotl here,

Scvt, r_.tl NREL l'_rt+jccts, lnL'lttdltl_ II_e,SRRAI +, SUl+13t+rlctlthe I_ltrtlcll'_.ttlt_r__1' slltl+l. ttlenll,,crs t_l' NREI,'s

St+litr R,tttllttllt+r_ Ro,'.;elu'cll tl,ntl Mctt't+lt+gy 13rttlacll Ill tl c_.tvltyI'_.tdlt'_nlctcr tnlcrct+lllp_.trlstltl Iri 13cvl_s,

Switzcrlttml, tlurlta_ SCl_tt.'ll_hcr 24 thrt+u_l_ (_)ctt+13cr12, 1o9(), "l'llcsc lrHcrc¢>tnl'_ttrl,,,;¢+n,,.;_.tll_lwl't>rctllll_rlttit+r_

t+l' rt_tllt+lllelel',,,itil the Stllar Rtttlltttlt,n I_esettrcla L_.tl_t+l'tttt+l'yIt+ be lr_.tcctthlc t¢_wtlrltl ,',;tttntl_.tr_l,,,;,

A Illeutln_ _ll' tile SRI_,/\i:' Scicnt:t:+ tttltl 'l'cuhIlt+l¢_gy Review Ct+tut_llttco ,,,v_tsheld t+n l_)ct:Otllt+or 3-4, ItltJ(),

'l-'l_ls_t't+ul'_Illcct,',; +tl_prt+xttll_.ttcly_.u_nuttlly tt_ 1+r¢+vltlccxtcrlll.ll review t+l+SRI<AI.' rcscttrcll _.tntldcvclt_l+_+lCtlt

l'_lttns, Pt'c,_ctltlttlt+r_s I't't+t_lSRRAf _ stttl+l+IllC11111c1',,.;Wel'C tntxtle 1¢>tile Ct+llllllltteC, whlt.'ll l_rt+vldctl I'cctlbttuk

tlurlta_ the IllCctitl_, TIlt ct+nllllittcc _.tl,'-;t+,',;ul+tnittcd tt letter rcf_t+rl sutllttlm'lzlrl&, Its review ttntl tll'fcrltlL_.,

suL_,,_cstlt_r_,_til tile NRI_L., _lli'cct_t', D, Sttr_tlcrtlltXn,

Sl+t.'t.'i_.tlt'c1_tlrts l_rc1"_ttred<+t'ct_nll+lctcd tlurii_g I+Y 1902 lr_t:ludc _._,Re,vmlrce As,vc,,,',,,'n++'ttt5-Ye++r I_'hm, lt

I'C,qt_tll'Ct2 It,'qSC,qSlllOll( (IVCI'VII2W bt't_cl_urc, tultl tile SEA'/ Sohtr lx'tlditlli()ll /x'_',_'tJttrc'u A,vse'ss/tle'lll /"rt!j_'('l,'

t;'i,v_'_l )"+'+lr /t)t)O ,,Itttttt+t/ t-'r+J,t,,r¢,s,vR+'porl, An ir_tcrn_.tl l+lttt_r_lr_gtlt!cutllcla( tl1_tl_.ttlr_L_tile l+llu_s Ii+r

t..'t+nll+lctltltgtile lt)f I-It)t)()Ntttltlnltl S_+llu' l<Ittltlttl¢lr_ Dtlt_.t 13_.tscwtr,'.+tlcvclt_f_ctl _.tr_tlmetal t_ tl r_ultlbcr til'

reviewers t'¢+r ctltllr_lcrH, A xl_cclltl lecture tin ,,.;f_cctrltl st>litr' rtttlitttltln tllt+tlclln_ wits l_rcxcillctl t_

t'¢1_rcsetattttivc,,,;t+l' C)_.tkRitl_c N_.ltitln_.tll..,ztbtlrltttlry Irlvtllvctl it_ lhc dcvclt+1"_tl_Cilt¢+1'_.tSl+cctrl+rmll_ltl+ctcr I'¢+f

DOI!'s /kt_llt+sl'_l_crlc Rtttlitttlt+ia McastJt'ct_tcrll (ARM) PI'IIL21_.Illl, Sltlfl' meltlt_et's l_.trtlCll_.ttctl lt_ lltllllet'tltl,'.:,

ctlnl'eret_ce,_, wt_rksl+t+l_,',:,ttntl intct'_tlvcrn_lerllltl tittering_,,,'-;,',;ucll ItS SC)I.,T'EC_I+I 't)l irt ,'q'Itr_frrltr_ci,,,;ctl,

C_.Llil'tlrr_ilt,tile Air f:tlrce (]et_phy,,.;lcs l)irecltlrltte',_ u.t_r_ultlIi_eelir_Lz_tl Itt_lt_SlHlel'lc trl_r_s_is,,.;l_lr_IIIt_tlclN

ill [;Itlxlt)I1, Mtt,'-;,";_._cllust.'.ll,'-;,ttlltl I110 Illecllll L, t_l' Ilae lr_lernztli_lnttl ,',Jtll_.Lrl!!nerLzy ,'q_lcJt,l.y (ISES)it1 I)t,nver,
("tlltll'Z_tlt_,

Extel_slvc i_rel_.Ul_ti_r_swere lli,.ttlc Ii_r tile cr_vir_ln_l_cr_t,sltlbly, Itntl heltlll_ (ES&H)"l'i__,cr Tt.,,_._llilt.tr vistlcd

NRl?ii. i11 ,luly lt)OI, 'l"llc tr_.tlnilaL_,,l_ntl rcvlow til sztl'c t_l_cralln L, f_nlL'etlures in II_t.' IllbtlrttltlI'y L,rc_.llly

enllttnt:etl I}lc ttw_.trt.,nt_',,.;stil' ES&II I_IIL'Ios l_r_tlpr_lt.'etlurc,,.; It_llt_n, NREL sl_.tl'l', incltJ_lJn,, tile SI,_I,,,,,\f'

,'ql_R/\l' _tztll tlletllt',eI'._ t.'_latril_uletl tri _evCt'l_l l'_l_._nnir_,dtlcut_lcnl,,.;, ()m'. tl_lt.'tttllcnt ll't i_Lrtit:ulur Iilr wllicla

sl;tiT illcii1t3t.!1',,,;l_it_vitlctl review WltS II_t' I)()E ()lficc til' ,'qtllz_r('tlnvcr,,..;i_n S()I_,/\R 2()()() l_lztn,

In ,%.'t._1_tcillbt.,.rI001, l,,,vtl new _l_tl'l' I]lt.'.llll_t.'.f,'.;were _.ttldetl I_l tile SI,_RAI:' tc_ll, I), l,_cIlnd .jtlil'_trtl NI,_I3_I,I_l

I_l_.tIl_.lE,.c'.Ille SI<RAI' hect_u,'.;c (?I, Ri_lr(ll_n Wl_S i_lllvt.'tl inl_l _ hrlUlt:ll _lll_nt_ger l_silit_r_, l], M_ui_lr_ .jtlillctl

tl_t.'.,',;t_tffI_l (Icvel_l_ tlt_cu_llcnl,'.¢_.tr_tl_llllcl' l_rt_dut:t,,.;rt.',,,.;ulltla_,,l'r(llll [Ilo th.llll I_._sc tlevcl_ll_tllt.'r_t _L'tivitle,'-;,
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9.0 PROGRAM OUTLOOK

l]y {lie ariel o1' f;'Y lt.it) l, Ille, SRRAP wtis G_prtmclllng ti pLtlnl _1' slgtlll_etml trnnslll_trl In tile s¢_l_e _1' Its
ttc'tlvllles, Wltll tilt.', thtttl Imse prl_dut.'ll_)n well umler wuy, und {lie relanse i_l' lile tluttt bttsc schedule(l l'llr
curly sutllNler 1992, II t'_ectmles Ul'_lm_lwltlle I_) view tile tllreclll)n In wlllcll SI,tI_,AI:' ,,.;h(_uldI')rllceed, "l"lle
ulillllule t)ltlecilve or the SRRAI' Is tt_ prt)vlcle u,ssessmerll products tttltl ttlllls tri the usur arid plarirllr_L,

ct)tlltuurllly thai redtlce Ille ullcet'lttllltles III evl.iltlllllng lhc fe.uslblllty _[' elill_ltlyltlg s_)ltu' energy

teclltlt)lt)gles ttr ttlly given li)unlit)ii, Tllelr use til tllese products ttnd ttulls, Ill ttlrll, prl)vltle guldttnce tri tile
Si_,RAI.:' for resettrcll t_ I'urtller reduce the urlcertttlIllles Irl soltu' rest)urce Irll'orttltttltlrl, Tills lrlterttcttve

process Is exetuplll'ied Irl Figure 9-1, 'T'llus, llle clttlti bttse is Lhc l'_)urldttll_)a_til' Illesc ttssesstilents, wlllcll

tu'e expected lt_ tnke a vtu'lely o1' l'ornls, For exaxuple, tin updttled utlus _ll' sllla,r etle,'gy res_mrces tT)r lhc

United States Is rieL'esstu'y; tile dttttl tntse, tilting with the uncertttlnty l'lttgs t,ttticlled li)tile tlttttt, will prl+vltle

tile busls t'_r this ullus, whl¢ll will strive lt)present lltlI' best knt)wledge iii' tlie Slmtlul varlublllly _ll' slllur
rest_tlrces,

V_lrit)tis lnlerp_)lull{)n le¢llilll.ltiOs ileecl Irl be upplled t_l Ille tltlltl btlse st)Ihtll sllli.lr rudlulll)n resl)tirce
esllnlales, tilting wllll u sluleluenl til' lhetr ui_t_erlalnly, el.til fie developed ltu' l.llly potnl wtlhli_ the Ui_lletl
Slules, Tliese lillei'pt)lullt)il scllonles ilitisl be I_lisediii1 physh.'ul pi'tlcesses, Stilelllte dnli.i i)l'l'er ti pr_lilllslng

nlelhtld ltir eSlillitlllilg s_)ltu' radlalilln _lver large getlgrtiphle i'egl()i_s It) l]ll In th.lltl gaps belweeil stii't'tlce
Illel.lstirti'ig sltllh)ns, {lildersltlildtill, ¢lt)titl ).)lid l'tltj lt)l'llltllll)il prl)ces,,_es,parllcularly In large i'egitlns til'
t.'lllllplox lerralli wllei'¢ few illetlstireilleill sltlllons exlsl, is c:rticlal it)lhc lillerll_)ltlll_)n leclirill.lties,

Alll(ing lhc lli_lsl Illll_ili.inl pl'_)dticls It) be clevel_)ped will be the typical year tll.iltl sol, wlllch pr_)vldes a
sl_.li_tlttl'tl l'llr evaltli.lllilg ellergy prlltltl¢ll()ll frllili tiny l'l)i'lli _ll"si)ltu" energy let.'hlll)lllgy til i.iny iii' lhc silos
iilct)rptlraiotl iii tile tlciitl Il_lse, lit)wove)', rostltil'mo cl_.lli.li.llst_ ileott Io be lrilerpreled in wi.lys lhi.il l.lll_l\v I'_r
tiiltlersl_lntllng Ille iillcri.lrilltlal vi.lrli.lbiltly _ll' sl)ltir res(it))'ees, Iii this wl.iy, gultttince cl.il'i be llrl)vltletl II)
liltluslries Illtll i_l'l¢il lllUsl rely llll shl)rl-lerlll li)el.isr)roll)elliS t)l' lyplcl.ll yetli' dl.ili.l sels t'()r lliaklng tlet:lslllils
i'ell.lling Ii)Ille lllrig-lerlll i_el'lt)rllli.lilme til' tt techm_l_G._,y,lllcltitlotl iii Ihls lillerprell.l.llt)ll Is ti "tlosigil-yel.ir"
tl_.lll.lsel, s(i ihtil lliantifat:ltlrers ailtl risers t)f i'eilewaBle let.'lllltll_)l.,ies C{lll be tlw_ii'e _ll' Ille exlrelile t.'_iltlili_llls
Ill_ll llltiy t_cctii' al _lsile,

An_)lller ililp_)rll.illl _lt.'llvlly I_) be tidtlressetl tipllll ¢l)lliplell_)ll _ll' Versllln 1,()(ii' ilw tli.il_l btise will t_c
lllelh_)tls lt_r iilatlllttiilii_g ailtl arehlvilll. 1 II_e tN.ila, AIllll)tigh Versl{in I,I) will be well thn.'tilllelllt.'{l _.llltl
public'ly _ivail_ible IJlr()tlL,ll NCI)C, il Is likely Illal NRIT,L will t.'_lnlllluully Be Illi.l(le ')wt.ire iii' IleW tlHli.l .sels
Ill_ll mail Be iilt.'llrl'_l)rulcd lill_) Versillil 1,()Cllld llCW rel]ileillelllS Illal t.'_li_be lllt.'_rl'_lr_lletl il_l(i Ille lli_tlels
used Irl prtltltice tltiltt I'tlr Ille sec()lltlclry sltlli_ils in Ve.i'sl_)ll 1,(), AIIht)tigll a st.'l_ctlule til' ftllure i'evisl_ns
I_ the tlali.l base cUt,hill I_e esl_lblished al Ihis II)ilo, Sill)tC itllill _)1'tlali.l illaill.igelilenl acliviiy will exisl _n
_l L'_li_lilluing bUSI.<4al NI,tEl_,,

Al ltllher lil_tj_lr lurniilg p_inl iii Illo prl)graill will c:_lillc'ltle willl Illo IX)ssible lerllliriali(lil _ll' I'(itili_le stllar
I'atlti.lli_)ri illllilllllrirlg tly N()AA, 'lllls prllvitles tin _l_ll_llltillily l'_lr NRIT,L Iii ptirsut'. Ille r¢-esl_.lbllsllilicill
iii' i.l rese_.ii't:h-qtialily slill.ir r_.ltlil.lll_)n ili()llllllrlng llr_)gi'i.llli, pl'_)t_ll_ly Ilir(itlgll S(_llle I'_ll'llt til' etltlctititliltil

inilialtve, "l'llis at.'llvily will require Illi illil.l{,erit.'y Stil_Pllrl, As tllsctissetl in SeL'lltln 4,2, till etltll.'allllilal
pl't)grl.till lt/¢tisetl t)l_ i'tltliali_lil illetlstii'oillel_lS _lnd illllnil_iiing will be tleslglletl iii FV li)t)2, wiill p_lsslble
prelilliii_ury iiliplclliei_lall_lll _1"Ihis pl'_lg,raiil by Ille eiltl iii' lilt.', yel.lr, Tills aL'livtly Wl_tlltl be CXpL't'lcll I_l
t.'lll_liiltie Illl'lltigll cii Icllsl Ilie c'.illl _ll IIIc (It',marie,

NRI{I,'s il_vlllvc, illenl willl Ille IEA iii 'l'usk 17, willi Ille _l_.jec'live_1' th.'vel_lpiilg, tilt'Ill,Iris I'l_r prl_tltlc'ilG7
ti spet.'lrtilly lc,.._l_lvc'.lltltila Base I_l atlUiiieill iIIc exislillg I_l'lltltlballd tltll_l b_lse, is likely Irl c'llnlilltlo It_r lilt!
lle,V,IS;t'.VL'I'I.IIyt'.til'S,
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Figure 9.1. The Interrelationship between tile development and use of solar resource assessment
products

Tile scope of SRRAP activities Is alst) expected It)expand thr()ugl_ c()llab()ratlorl with other pre)grams, R)r
example, DOE's Atln(Nfllertc Radtatl()n Measurcrrlent (ARM) Program 1171will be establtshtrlg ic)ng-ternl
l'actltttes til up lt) five locations tru)und the world to I)bserve dc)ads and radiatt()n, These facilities will
provide cc_rtqn'eltenslve observalh_rml data on the ways in which clouds affect solar radiati_n at the Em'th's
surf'ace and can represent an important way li_r lest lng and tmprovtrlg the parametric algorttlmls used irt
rm_dels sucll as ME'TSTAT, As anc_ther exanlple, NREL will continue to explore ways tt_ct)llaboi+ate on

programs with EPRI, such as the testing of the rc_tat.tngshadt_wband radiometers (described in Sectlc_rl7,3),
st_ thai t_bjecttves mutual to bt_tltc_rganlzattt_ns can be met more el'fictently,

Over the next several ye_.u's,NREL. will wc_rk tc_wttrdIncorporating the National Solar RadlatJon Data B,'tse
into a geographic lnl'¢_rrriatl_nsystem (GIS), al¢_ng wllh other key renewable energy resl_urce data bases,

such as wind and biolllass, and certain geophystc:ll data, These otlmr dala bases wt_uld ct_rne l'rt_tllthe
_rganlzatltms in which tlley were deveh_ped, This cornprellerlsive data set will allow l'c_rplarmers, system
designers, and independent users c_l'renewable energy systems to pertt_rm ct_mpm'atlve evaluatlt_ns o1'
varit_us technolt_gtes at any given location, kru_wlng what the resource base and its inherent uncert',tlnflos
are lt_reach teclml_logy, This GIS-based system can be particularly valuable when pr_ducing large-scale
energy assessments such as LIroseass,_cluted wlll_ the developtnent of the Natlc_rmll_,nergy Strategy, NREL,
als_ plans tt_ expand the st_l,,u'de_t,'tbase tntt_ an ir_ternaltonal data base, irlcorpt_ratlrlg, tt_ the extent
p()sstble, tnl'ormali_n derived l'r_m t_lher c_unlries, By lm_duclng a w_rldwlde rest_urce data base in a
ct_mm(_nl'¢_rniat,cotliparatlve assessments ¢_I's¢_lartechnl_logles ti_rdlll'erenl regtt_ns art_und the wt_rlclcan
he perl'_u'rned, An tnternattt_rud data base will lm_vtde strategic guidance l't_r U,S, s_lm' techru_lt_gy
ct_rnpanies to evaluate triterrtattt_nal mtu'kets,
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