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What is a Radiative Tranfer Model?

2500 [

£ 2000

w
o
o

100071

Solar Irradionce (Wm™2um

500

0 ! A L N VI
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0
Wavelength (um)

A radiative transfer model can
numerically solve solar radiation in
the atmosphere by considering the
influence from trace gases, aerosols,
land surfaces, and clouds.
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Cloudy-sky Radiative Transfer.Model

Clouds are composed of water droplets ~ -

or ice crystals. ‘*"g’ ’ @
° . ¥ '. L

Clouds are optically thicker than a . o v 3 A :,.

clear-sky layer. The effect of multiple P

scattering is important. _

Energy
distribution is
different with
a clear sky.
Solving RT
equation is
time
consuming.

Radiative transfer in clouds is complex and time consuming using regular RT models
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Models for Meteorolog

solar reflected thermal outgoing

The net effect of solar radiation
and thermal emission strongly
impacts temperature, wind and
precipitation.

mbalance

06 solar absorbed evapo-  sensible thermal
02,10) surface ration heat up surface down surface

http://environmentcouts.org

Satellite remote sensing uses
radiative transfer models for
narrow wavelength bands to
retrieve atmospheric and land
surface information.

https://www.nasa.gov



Solar Energy has Unique Modeling.Requirements

Inclined Surfaces

Fast Computation

Bifacial PV

Inhomogeneous surfaces

y,

Spectral radiation
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* Mostly for cle‘ar sky

* Mostly for broadband

* Irradiances in direct and POA

 Parameterization from
measurements

 Time efficient

* Clear and cloudy

* Broadband/Monochromatic
* Irradiance/radiance

* Solution of RT equation

* Time consuming

The advantages of the two types of models can complement each other.
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Fast All-sky Radiation Model for.Solar.applications (FARMS)

AOD, PWV, Solar Angles, etc.

P Clear-sky Transmittance
and Reflectance

Cloud Transmittance and
Reflectance of Irradiance

))

l (Surface Albedo]

All-sky Broadband Irradiances

Xie et al., Solar Energy (2016)



Parameterization of clouds. in. FARMS

0.01 0.10 1.00 10.00 100.00 0.01
Cloud Optical Thickness
Ho
0 0.5 1.0

0.0l

0.10 1.00 10.00 100.00

Cloud Optical Thickness
De(um)
20 55 140

* Cloud transmittance for diffuse radiation can be parameterized as
exponential functions of cloud optical thickness and solar zenith angles.

* Cloud reflectance for diffuse radiation can be parameterized using simple
equations of cloud optical thickness with good accuracy.

Transmittance and Reflectance of diffuse radiation can be parameterized accurately.
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Validation of FARMS
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GOES satellite data is collocated to ARM SGP site. The satellite-based
retrievals of cloud properties are used as inputs to the two-stream

RRTMG(used in meteorological applications) and FARMS. A total number of
9669 scenarios associated with cloudy-sky are selected during 2009-2012.
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The accuracy of FARMS is comparable to RRTMG
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Computational Efficier
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FARMS increases the computational efficiency by a factor of 400
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Spectral Plane

FARMS computes broadband irradiances in the direct and global horizontal.
Solar energy applications require irradiances in POA and irradiances in narrow-
wavelength bands.

T

NREL 184
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Current Spectral and POA Modeling.has;Significant Uncertainties
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Narrowband Irradiances on Tilted. Surfaces (FARMS-NIT)

Cloud Transmittance

Clg.ad Particle size

Cloud Optical Thickness

A lookup table of cloud transmittance using the
LibRadtran model is computed for 2002 wavelengths, 39
cloud optical thicknesses, 28 cloud effective particle
sizes, 50 solar zenith angles, 25 viewing zenith angles and
18 relative azimuth angles.
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Bias of FARMS-NIT is within 5%
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Spectral GHI at NREL for clear day (red:
measurement; black: FARMS-NIT)
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Spectral GHI for US standard atmosphere
1976 when 6,=30°, t=10, De=20um, and
surface albedo=0.0. (red: simulation by
LibRadtran; blue: FARMS-NIT)




FARMS-NIT is computationally.fast

10000.00 [ .
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FARMS-NIT significantly reduces the computation time (factor of 500)
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FARMS-NIT is more accurate than.transposition models
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FARMS-NIT can model Bifacial P\V.panels

FARMS-NIT has been

extended to compute
irradiances on bifacial PV

panels.
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Z :
3 1000 http://solarprofessional.com
.§ el POA irradiances over monofacial and
g - \j bifacial PV panels for a solar zenith angle of
S 500F . 30° and a land-surface albedo of 0.25. For
o . " e, ® .
the clear-sky condition, AOD is 0.5. For the
, _ cloudy-sky condition, a water cloud with
Ol biikiiadii biicsiiiai LiGiaiis Ligaaiaii Liiasiniii Lidkaiiii Liiiigiii Lisiixikia cloud Optica| thickneSS Of 3 and effective
0O 10 20 30 40 50 60 70 80 90 ) ) .
Tilt Angle (°) particle diameter of 10 pm is assumed.

Bifacial modules will produce 20% more energy than regular PV modules.
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Conclusions

* Integrated the advantages of radiative transfer models
used in meteorology and solar energy research.

* FARMS is developed to accurately compute broadband
GHI and DNI for all-sky conditions. FARMS is ~400 times
more efficient than radiative transfer models for
meteorology.

* FARMS-NIT is developed to efficiently compute
narrowband irradiances over inclined PV panels in one
step.

* FARMS-NIT can compute irradiances on bifacial PV
panels.
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https://ral.ucar.edu/projects/wrf-solar

* FARMS is the major LINREL
radiative transfer mode| HES—E——-
used in the NSRDB.

 FARMS-NIT will upgrade
NSRDB with spectral
irradiances in the POA.

FARMS provides WRF-Solar
an option to rapidly
forecast GHI and DNI.
FARMS is used in short-
term solar forecasting from
satellite and surface
measurements.

National Solar Radiation Database (NSRDB) Q

https://nsrdb.nrel.gov
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Thank You!

Contact: manajit@nrel.gov

NSRDB: http://nsrdb.nrel.gov

e

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

Alaska (US) [ 7%

Canada

Guatemala

Global Horizontal Solar Irradiance
National Solar Radiation Database
Physical Solar Model

United States -

El Salvador

Atlantic Ocean Azores

Bermuda

Canarylslands ..,

Guyana
St

Chile —

Data Summary

over surface pixels coveriny
insolation vall
reated using

17 calculates
DNI. The map
is generated using 19982015 dataset, Aerosol optical properti DIS and MISR
satellte products while atmospheric parameters are obtained from NASAS VERRA product

KWh/m?/Day
>65
60-65
55-60

L 2al
a n
=t

<30 NATIONAL RENEWABLE ENERGY LABORATORY

Applications
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