%=
INTRODUCING NREL’S BEST PRACTICES
HANDBOOK FOR COLLECTION AND USE OF SOLAR

RESOURCE DATA FOR CSP

Manajit Sengupta
Co-authors:

Thomas Stoffel, Daryl
Myers, David Renne,
Stephen Wilcox, Ray
George and Craig Turchi

4th |[SES Latin American
Regional Conference
XVII SPES

Cusco, Peru

4 November 2010

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



CSP Best Practices Handbook

% Amumgﬁumwydmus.mmafmy
i ) NREL  National Renewable Energy Laboratory Es s i

Innovation for Our Energy Future

CONCENTRATING SOLAR POWER Technical Report

NREL/TP-550-47465
September 2010

Best Practices Handbook for the
Collection and Use of Solar
Resource Data

Tom Stoffel, Dave Renné, Daryl Myers, Steve Wilcox,
Manajit Sengupta, Ray George, Craig Turchi

www.nrel.gov/publications

NREL/TP-550-47465

il
=%

NATIONAL RENEWABLE ENERGY LABORATORY 2



http://www.nrel.gov/docs/fy10osti/47465.pdf

What this handbook contains

* Detailed information about solar resource data

» Resulting data products needed for each stage of the project, from initial site
selection to systems operations.

* Long-term annual average
with x uncertainty

4

» Extrapolate to long-term
average with x-y uncertainty

= Determine interannual
variability

L

1 Pre-

Feasibility

2 Feasibility

®» Extrapolate to long-term
average with x-y uncertainty

= Determine seasonal, diurnal
characteristics

Stages — Chapter 1
Products — Chapter 6

3

CAcquTred Ground Data

Diligence Existing Modeled Data

Content — Chapters 2, 3,4 &5

2
* High quality hourly data
Proiect "Forecast data
rojec . " Relate site observations
4 Acceptance & fERE Ground Data (resource + system) to original
predictions

Systems Operation

NATIONAL RENEWABLE ENERGY LABORATORY S



Who does this handbook serve?

*Project developers

*Engineering procurement construction firms
Utility companies

*Energy suppliers

Financial investors, and

*Others involved in CSP plant planning and
development

Note: This handbook is not meant to be read from cover to end, but to
be used as areference during each project stage
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How Is this handbook organized?

Chapters:

Why Solar Resource Data are important to CSP
Overview of Solar Radiation Concepts
Measuring Solar Radiation

Modeling Solar Radiation — Current Practices
Historical Solar Resource Data

Applying Solar Resource Data to CSP projects
Future Work

N o O s bR
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Chapter 1: Why Solar Resource Data are important to CSP

Solar resource* data for key elements of a CSP project:

Site Selection. . ........ Optimum Fuel Resource
Engineering . .......... System Design
Economic Analyses . . . .. Power Plant Output
Operations . . .......... Utility Grid Integration

* Note: All CSP technologies utilize direct normal irradiance (DNI).
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Chapter 2: Overview of Solar Radiation Concepts

Properties of Extraterrestrial Solar Radiation
Solar Radiation and the Earth’s Atmosphere
Relative Motion of the Earth and Sun

Solar Resources: The Solar Components
— Direct Normal Irradiance (DNI)
— Diffuse Horizontal Irradiance (DHI)
— Global Horizontal Irradiance (GHI)
— Solar Radiation Resources for Solar Energy Conversion
— Estimating DNI from GHI
— Estimating DHI from GHI or DNI
— Modeled Datasets

Uncertainty: Measurements and Models

— Measurement Uncertainty

— Calibration Reference and DNI Uncertainty

— Uncertainty in Pyranometer Calibrations and GHI Measurements
— Model Estimate Uncertainties

Spatial and Temporal Variability of Solar Resources
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Chapter 2: Overview of Solar Radiation Concepts

Spectral Solar Irradiance
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Chapter 2: Overview of Solar Radiation Concepts

Calibration traceability and measurement uncertainty.

Uncertainty
Propagation
World Radiometric Reference - el o mm mm m— - m— — — - — +0.3%
(WRR)
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Pyrheliometer
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Chapter 3. Measuring Solar Radiation

Instrumentation Selection Options

Instrument Types
— Pyrheliometers and Pyranometers
— Pyrheliometer and Pyranometer Classifications
— Rotating Shadowband Radiometers

Measurement Uncertainty
— Terminology
— Estimating DNI Measurement Uncertainty
« Estimating the Uncertainty of Pyrheliometer Calibrations
» Estimating the Uncertainty of DNI Field Measurements
Measurement Station Design Considerations
— Location
— Station Security/Accessibility
— Power Requirements
— Grounding and Shielding
— Data Acquisition
— Data Communications
Operations and Maintenance
— Radiometer Calibrations
— Instrument Maintenance

Data Quality Control and Data Quality Assessment
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Chapter 3. Measuring Solar Radiation

Radiometer | Measurement | Field of View Installation
Type (full angle)
Pyrheliometer DNI 5.72t0 6.02 Mounted on automatic solar tracker
for alignment with the solar disk
Pyranometer GHI 2n Mounted on stable horizontal surface
steradians free of local obstructions*
Pyranometer DHI 21 Mounted on automatic solar tracker

steradians fitted with shading mechanism oron a
manually adjusted shadowband
platform for blocking DNI from

detector surface*
Pyranometer POA 2n Mounted in the plane of array of the
0.25 steradians flat plate solar collector*

o

o

o
T

.~ SOLAR I|HAADIATION CURVE OUTSIDE ATMOSPHERE
1 SOLAA IRBADIATION CUAVE AT SEALEVEL
\-— CUHAVE FOR BLACKBODY CT 5800°K

015+ I

0.10-

SPECTRAL IRRADIANCE (Sh) - W m2A"1

PERCENT RELATIVE RESPONSE TO IRRADIA

0.05- - =
3‘ ~ § __ . HZO. coE
O{J 020406 0810 12 14 16 18 20 22 24 26 28 30 3.2

WAVELENGTH (u}

Typical photodiode detector (top) and spectral response of LI-

Thermopile assembly used in The Eppley Laboratory, Inc. Model PSP
COR pyranometer (bottom).
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Chapter 3: Measuring Solar Radiation

Information flow of a Quality Assurance Cycle

The Quality Assurance Cycle

Data
Acquisition

VALY

Quality — Analysis/

Assessment Feedback
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Chapter 4. Modeling Solar Radiation-Current Practices

Surface Based Methods

Satellite Coverage and Satellite Based Methods
— Global Coverage
— Satellite-Based Empirical Methods
— Semi-Empirical Models

Currently Available Operational Models

— NASA/GEWEX Surface Radiation Budget

— DLR-ISIS Model

— HelioClim

— Solar Energy Mining (SOLEMI)

— Perez/Clean Power Research

— 3-Tier Solar Dataset

— SolarGIS

— NOAA Global Solar Insolation Project (GSIP)
Clear Sky Models Used in Operational Models

— Bird Clear Sky Model

— ESRA Model

— SOLIS Model

Model Uncertainty and Validation
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Chapter 4: Modeling Solar Radiation-Current Practices

| &
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Chapter 5: Historical Solar Resource Data

Solar Resource Data Characteristics

Long Term and Typical Meteorological Year Datasets

Solar Resource Data

*NCEP/NCAR Global Reanalysis Products
*SOLMET/ERSATZ

*SOLDAY

*Typical Meteorological Year (TMY)

*1961-1990 National Solar Radiation Database
(NSRDB)

*Typical Meteorological Year Version 2

*WMO World Radiation Data Center

*WEST Associates Solar Monitoring Network
*Pacific Northwest Solar Radiation Data Network
*NOAA Network

*Solar Energy & Meteorological Research
Training Sites (SEMRTS)

*DAYMET
*Solar Radiation Research Laboratory (SRRL)
*European Solar Radiation Atlas

*Photovoltaic Geographical Information System
(PVGIS)

*METEONORM

*NASA Surface meteorology and Solar
Energy (SSE)
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*DLR ISIS

*Solar and Wind Energy Resource Assessment (SWERA)
*HelioClim

+1991-2005 National Solar Radiation Database (NSRDB)
*Typical Meteorological Year Version 3 (TMY3)

*Management and Exploitation of Solar Resource
Knowledge (MESoOR)

International Daylight Measurement Program (IDMP)
*Baseline Surface Radiation Network (BSRN)
*Surface Radiation Network (SURFRAD)

Integrated Surface Irradiance Study (I1SIS)
*S@tel-Light

*Atmospheric Radiation Measurement (ARM)
*3-TIER Solar Time-Series

*Clean Power Research — SolarAnywere®

*Solar Energy Mining (SOLEMI)

*GeoModel




Chapter 5: Historical Solar Resource Data

Example of details for each available dataset

1. Period of record: 1998 - Present

2. Temporal resolution: Hourly

3. Spatial coverage: Continental United States and Hawaii

4. Spatial resolution: 10 km

5. Data elements and sources: GHI, DNI, wind speed, and ambient air
temperature.

6. Data quality control/assessment: The Perez/SUNY model was

developed and has been validated using surface irradiance
measurements from selected SURFRAD stations.

7. Estimated uncertainties: Based on comparisons with measured data
from 10 stations in the U.S. (Perez, et al., 2002), the annual average
hourly RSME and MBE for GHI are 14.0% and 0.8% respectively and
for DNI, 29.8% and 0.9% respectively.

8. Availability: Clean Power Research -
http://www.cleanpower.com/SolarAnywhere

9. Updates: Model version control information available.
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Chapter 6: Applying Solar Resource Data to CSP Projects

Data Applications for Site Screeningand Prefeasibility
Assessment

— Review of Data Sources for DNI estimation

— The Site Screening Process

— Clean Air Prospecting

— Comparison of Satellite-Derived DNI Resource Data using GIS
Tools.

Data Applications for Feasibility, Engineering and Financial
Assessments

— Extrapolating Short-Term Measured Data Sets

— Examples of Mean DNI Estimation ....

— Adjusting DNI Data for CSP System Performance Estimates

Variability of Solar Resource
Summary of CSP Best Practices
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Chapter 6: Applying Solar Resource Data to CSP Projects

Pre-

4 Long-term annual average
with x uncertainty

4

= Extrapolate to long-term
average with x-y uncertainty
= Determine interannual
variability
2
= Extrapolate to long-term
average with x-y uncertainty
= Determine seasonal, diurnal
characteristics

2
= High quality hourly data
=Forecast data
*Relate site observations
resource + system) to original
pr.dictions
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Chapter 7. Future Work

Forecasting Solar Radiation

High-Resolution Temporal Data

Site-Specific Resource Data

Effects of Climate Change on Solar Resource Assessment
Need for Cross-Disciplinary Analysis Projects
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Contact information:

www.nrel.gov/publications

NREL/TP-550-47465

http://www.nrel.gov/docs/fy100sti/47465.pdf

Manajit Sengupta
Email: manajit@nrel.gov

Gracias porsuattencion!
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