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Solar Resource Data

Resource Assessment

National Solar Radiation Database
Satellite Remote Sensing

Surface Measurements
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Solar Radiation Research Lab

g

* Baseline Measurements

» Radiometer Calibrations
* Instrument Development

 Station Operator Training
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Geographic Information System
GIS Lab




Clear Sky

Solar Irradiance Measurements
Golden, Colorado 9 April 2003
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Modeling Solar Irradiance

Atmospheric Composition

— Clouds
— Temperature

— Pressure = lonssghers
~ H,0,

— Aerosols )

— Gases
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Modeling Solar Irradiance

i

Satellite Remote Sensing
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Changes with Time: Inter-annual
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Istribution
Comparison of Sea Level and Denver Clear Sky Spectra

Solar Spectral D

in Summer
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Annual Direct Normal Solar Radiation
& Year Means ( 1988-2005) — Perez 10 km. GOES Satellite Model
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National Solar Radiation Data Base
1995

The current national network for the 48 conterminous United States

NSRDB Stations Solar Measurement Stations
239 36
(1961-1990) (1990 - 2003)
Renewable Resource Data Center http://rredc.nrel.gov/solar -
«w-»ll'\'=- wab rgy Lab,




National Solar Radiation Data Base

Period of Record 1961-1990
Temporal Resolution Hourly (serially complete)
Irradiance Data Source Sfc Cloud Obs (96%)

Sfc Measurements (4%)
Number of Stations 239
Data Products TMY2, Monthly & Daily

Statistics, Maps

Ten years after the NSRDB release...

Renewable Resource Data Center http://rredc.nrel.gov/solar
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Rationale for an Update 1991-2005

e Access to the most recent data

NSRDB more than 15 years out of date - most recent data may best
represent the future resources

e Inter-annual and inter-decadal variability and trends are
of increasing importance to industry

Extend the period of record

» Exploit advances in solar radiation instrumentation and
modeling  New National Weather Service observations (ASOS)

o Satisfy numerous inquiries about a comprehensive

update More recent data from more sites
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NSRDB Update Site Classifications

 The 1454 sites are segregated based on availability and completeness
of data:

221 Class | - Complete period of record with more than 75% "low" uncertainty
637 Class Il - Complete period of record with less than 75% "low" uncertainty
596 Class lll - At least three years of data throughout to period of record

» This classification scheme helps optimize the quantity of data available
for a range of applications

Notes:

 The inclusion of measured data has no bearing on a station's class. Measured data appear
when available in any class of site.

 Class | sites correspond fairly well with the 239 sites in old NSRDB)
« Total Class | and Il (those with complete 15-year period of record) = 858
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National Solar Radiation Database (NSRDB) Stations

1991 - 2005 Update

® Classl|
e Classll
Class Il

Measured Solar

U.S. Department of Energy
1‘> National Renewable Energy Laboratory
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Updated NSRDB Data Quality

- Almost all solar data are modeled (some measured data at 40 sites)
- METSTAT model used again (Cloud amounts from NWS observer/ASOS)

- SUNY model used for 10 km gridded data set derived from
GOES satellite data for 1998-2005

- Estimated Uncertainties (optimal):

Data Source Global/Diffuse Direct Normal
Measured +/- 6% +/- 5%
SUNY +/-8% +/-15%
METSTAT +/-10% +/-16%

Sub-optimal values can range up to 25% based on ASOS cloud observations
used in METSTAT, snow cover or high latitude locations for SUNY model
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NSRDB Update

Data Quality Summaries are Available for All Sites

724776

MOAB/CANYONLANDS [UO], UT

Class Il (with some measured)

Solar Coordinates

Latitude: 38.58°

Longitude: -109.54°

Elevation: 1000 m

Meteorological Coordinates

Latitude: 38.75°

Longitude: -109.75°

Elevation: 1388 m

Time Zone: -7
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NSRDB Products

Time-series of hourly solar and met data at
1454 sites for technology deployment

Time-series of hourly solar and associated
fields for research

Gridded hourly 10 km solar data for 100,000
grid locations

Statistical summaries of solar and met data
at Class | & Il sites

Maps of solar monthly & annual mean daily
totals
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Data Distribution

Updated NSRDB will be distributed by the National
Climatic Data Center (NCDC)
http://www.ncdc.noaa.gov/

NREL will distribute solar research data set (no met)
Data format will be CSV ASCII
Satellite data set distributed by NCDC at no charge

NSRDB station data $140/100 site-yr, but NCDC
policy is no-cost for requests by .edu, .k12, .mil, and
.gov

Tiered release begins April 2007
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New Satellite DNI Data - Outline

 Methodology

 Map product description
— Yearly Map Grids
— 8-year map “Climatological”
— Map adjustments
— Uncertainties
— How to obtain




Satellite DNI Data- Maps

Draft

Annual Direct Normal Solar Radiation
8 Year Means (1998-2005) — Perez 10 km. GOES Satellite Model
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i Basic principle

Clouds

Linke turbidity factor
Cloud cover [octa]

Richard Perez, et al.




oL [T
vt ALE T

DT

Richard Perez, et al.




Richard Perez, et al.
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Dirindex Model: DNI = Bird * f, (GHI)

F, (Global)

Dirint (GHI)
Dirint (GHI

clear)

Dirint = NREL'’s DISC model modified per ASHRAE, 1993

Richard Perez, et al.




Operational Model
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Annual AOD Adjusted to Sea Level

Q AOD Surface Measurements
% AOD sample points o

Annual AOD

I 0.06 - 0.07
I 0.07 - 0.08
] 0.08 - 0.09

[ ]009-01
0.1-0.12

012-0.14

I 0.14-0.16
I 0.16-0.18
B 018 -0.21
Il No Data
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Satellite DNI Map Products

0.1 degree grid — nominal 10 km spacing
Coverage CONUS, Northern Mexico, HI
8 years X 12 months = 96 grids available

Data adjusted to eliminate low anomalies
— (caused by very bright backgrounds)
— Adjusted to match a smoothed map

Available soon from www.nrel.gov/gis data
download website.
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NSRDB/SUNY DNI - Annual Average 1998-2005
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NSRDB/SUNY DNI - Corrections to Annual Average 1998-2005
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Satellite DNI Time Series

Hourly for 8 years
Jnshifted or Time Shifted

Jnshifted — On the hour for West, 15
minutes after hour for East

Time Shifted Data — on the hour,
Represents Radiation in Previous Hour.
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Time Shifting — Clear Day

Time-shifted SRRL Data (simple shift)
Airmass normalization (both glo and dir)
1 / 6 /2005
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Time Shifting — Partly Cloudy

Time-shifted SRRL Data (simple shift)
Airmass normalization (both glo and dir)
4 |26 /2005
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Gridded Satellite and Weather

Data
o \Weather Data from NSRDB (surface
measured) or NARR

* NARR = North American Regional
Reanalysis, 32 km grid, 3 hourly data.

e Stations assigned to each 10km solar
grid point as a function of proximity and
elevation.
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Obtaining Satellite Time Series

e NSRDB — combined with weather data
for 1452 sites — from NCDC

e NSRDB - shifted and unshifted
radiation, no WX — from NCDC - free

e NREL — all sites combined with NARR —
distribution pending
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International DNI Data

SWERA — Solar and Wind Eneregy
Resource Assessment

CSR 40 km modeled DNI over large
regions.

Higher resolution (SUNY, DLR) DNI
over smaller areas

TMYs for selected countries.
Swera.unep.net
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SWERA.UNEP.NET - Download Data and Maps

Solar and Wind
Energy Resource

Assessment

<
GEF
Main Menu
Languages
3

Welcome To SWERA

The SWERA website provides information about solar and wind energy resources in thirteen
partner countries around the world. Products held in the SWERA archive include data on wind and
solar energy potential, plus detailed country energy analyses. To learn more about renewable
energy in each country or the partner agencies, click on the map or the menu. SWERA is a UNEP
(United Nations Environment Programme) project with co-financing from GEF. The goal is to
provide solar and wind energy assessments to potential investors and the public to promote more
effective use of alternative energy resources.

Now with the completion of the successful pilot project, SWERA is being expanded into a full
Programme offering resource information and mapping tools across the spectrum of renewable
energy sources. All information and tools can be found in one on-line location with a common user
interface... click here for more details.
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SWERA DNI Regional Maps

Africa, South America, East Asia, Mexico
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Instrumentation Options

Direct Normal Global Horizontal Diffuse
Measured by a Measured by a Measured by a
Pyrheliometer on a Pyranometer witha  shaded Pyranometer

sun-following horizontal sensor under a tracking ball

tracker




Radiometer Designs

Thermo-electric detectors:
Two metals + Heat = Electrical Current

Accurate, Slow, Expensive
Copper-Constantan wire wound Thermopiles

LT
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Photoelectric Detectors

Fast, Low-Cost, with Reduced Spectral

Response:
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Figure 4. The LI-200SA Pyranometer spectral response is illusirated
along with the energy distributicn in the solar spactrum (8).
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Partly Cloudy Sky

Solar Irradiance Measurements
Golden, Colorado 3 July 2004 ~
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Rotating Shadowband Radiometer
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o (=}
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Rotating Shadowband Radiometer Concept
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DNI = (GH - Diff) / Cos (2)
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Measuring DNI Thermopile Pyrheliometers

Pyrheliometer Performance
Clear Sky 3/3/07 at SRRL
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Measuring DNI Rotating Shadowband Radiometers

RSR Performance
Clear Sky 3/3/07 at SRRL
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PY21094 Cal Factor (W/sq meter/mV)

RSR Calibration Stability

ATI RSP Calibration Factor History
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Broadband Outdoor
Radiometer Calibration

(BORCAL) Infrared Radiometer

Calibration (IRCAL)
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Calibration Traceablllty

=T

World Radlometrlc Reference NREL' Reference Standards

Transfer
Standards

Annual NREL Pyrheliometer Comparisons ..
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Broadband Outdoor Radiometer
Calibrations

Reference Absolute Cavity
Radiometer traceable to WRR

* Pyrheliometers

* Pyranometers

www.nrel.gov/srrl




Radiometer Calibrations

Figure 1. Responsivity vs Zenith Angle Figure 2. Responsivity vs Local Standard Time:

o AM
xPM

0400 0600 0800 1000 1200 1400 1600 18:00
focl Stoexiond Tian




Calibration Certificates

National le Energy Laboratory
Solar Radiation R h Laboratory
Metrology Laboratory
Calibration Certificate
e Eppiey.
Madel: PSP Sarial Humb-er 25825F3
Calibration Date: L] Due Date ATI002
Custemer. CMEr aton System Calibration See Parameters: or page
Oubor, under a
Lt
L] Caseaton Daw | Cakbraton One Date
L ] LR T) R 1008
] TR "o 1o
18 AORGI01 ALORTN0G
L e Eniey Priasemate Mt B EL S0 1000 ARG A0
Cota Ao qundont Fichan it Logepee Maded etk TTHTA, G00 6471000 [T 24N 43003

3 Tesraskin b e vt Rasmas Bpsssse
L

Numbar of pages af certate: ©

WREL
AW AeBN o Pl

Calibrted by Eratim Rt Piter Getin? and Sty wikiin

Cortsfiad by Quaity Cortredad by

Calibration Results
463863 Eppley PSP
Fapare t Rmsporadny v i dbest g Fpae 1. Reupananty va | of s Sastad Dive.
- Loy
o
LE S -
- -

x \

e
"’ui*ib:-_ﬂ**b

i

o hm am wm 6w vm iw we e
Local e Tee

ot . ol st Lk Vi

[ rep—

:
4
HAA

Ancillary Data for BORCAL 2001-02
Caibration Facity So Facation e ity

Luttote 70 F4EN Lenghate 104 VBT it 1020 5 rrters AMSL e Futon Pressoee 0120 el Terer Zone 10
Raferense iradanca: (000° /000" Tat/Aom)
gy
fhoa-
gomtat
- et
=Rl
-
- \
-l A
- .
-
-
-
o= LM
- . - . . .
We om owm we um ue ww wm xm
Locw Swried Tee

S wiw aim e im W W @
i B e

e e S R0 P Lateatny




Resource Assessment
Capabilities

rredc.nrel.gov

— Renewable Resource Data Center

www.nrel.gov/srrl

— Radiometer Calibrations
— Solar Climatology for Golden (1981 - present)

www.nrel.gov/gis

— Geographic Information System Internet Map Server

www.nrel.gov/midc

— Measurement & Instrumentation Data Center

&
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Nearly Real-Time
Data Access
www.nrel.gov/midc

: . A i
Welcome to the Measurement and Instrumentation o2
Data Center (MIDC), providing Irradiance and 4 MNe=L

Meteorological Data from the following stations:

SRRL Baseline Measurement System (BMS)
MNREL/SRRL, Golden, Colorado
National Wind Technology Center M2 Tower
NREL/MNWTC, Boulder, Colorado
Nevada Power Clark Station (NPCS)
Nevada Power C3P, Las Vegas, Nevada
University of Nevada, Las Vegas (UNLV)
UNLV Campus, Las Vegas, Nevada
Blueficld State College (BSC)
Bluefield, West Virginia
Elizabeth City State Universi CSU
Elizabeth City, North Carolina
Phoenix Federal Correctional Institution (PFCI)
Phoenix, Arizona
South Park Mountain Data (SPMD)
South Park, Colorado
San Clemente Island Darta (SCID)
San Clemente, California
Lamar [ow-I.evel Jet Project (LLLIP
Lamar, Colorado
ARM Radiometer Characterization Svstem (RCS)
SGP Central Facility, Oklahoma
SERL Baseline Surface Radiation Network (BSEN)
NREL/SRRL, Golden, Colorado
SRRI. Atmospheric Optical Calibration Svstem (AOCS)
MNREL/SRRL, Golden, Colorado
SRRL Schoit Rotating Shadowband Pyranometer (RSP}
NREL/SRRL, Golden, Colorado
SRRI Ascension Technology Inc. RSP (ATT)
NREL/SRRL, Golden, Colorado
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Summary

Measurements vs. Modeled Data
— Users must be aware of uncertainties in the data

— Radiometer systems = $$ to install and operate, but offer resource accuracies for site
analyses and system performance monitoring

— Rotating Shadowband Radiometers offer lower cost DNI

— Modeled data = spatial variations, longer period of record, satellite-remote sensing
offers relief from inadequate surface cloud observations for regional scale prospecting

NSRDB + NSRDB Update = 1961-2005 (serially complete 239 sites)

Satellite model (SUNY) = future direction (forecast) = most consistent
data we have 1998-2005 and best spatial resolution - 10 km grid

Measurement & Instrumentation Data Center welcomes additional
ground stations

Thank You!
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