Accurate Solar Forecasting -- A Key Enabler in Meeting the Goals of the SunShot Initiative
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What is the SunShot Initiative? Brief Overview of Solar Forecasting SunShot Funded Resources at the National Renewable Energy Laboratory
The Sl;nSTot Initiative was Ia;nCthd in7§gll by fclw(rm:r U.S. Energy Secretary, lzr- S;evin Chu t: reduce th_ehtotal Although solar energy is abunleantly avai.la.\ble i.n most parts of th.e.world, accgrate forecasting of solar irradiance is The National Renewable Energy Laboratory (NREL) develops clean energy and energy efficiency
cost of solar energy systems by about 75% to make them cost competitive with other forms of energy (without vital to integrate solar energy into the utility grid, and for the efficient operation of solar thermal power plants and technologies and practices, advances related science and engineering, and provides knowledge and
subsidies) by 2020. This translates to a total cost of installed solar energy at $1/Watt or $0.06/kWh. K h hall : £ ytilizi | diation f : ds is th _ _ . _
energy markets. The most challenging aspect ot utilizing solar radiation for meeting our energy neeas is the innovations to integrate energy systems at all scales. NREL's resource assessment and forecasting
to variations in surface irradiance. Currently, satellite based irradiance data and Numerical Weather Prediction measurements, models, maps, and support services. The following NREL products are specifically
(NWP) are the best tools for hour ahead (HA) and day ahead (DA) forecasts, respectively. However, the resolution useful for solar energy development.
SunShot Goal: 5 - 6¢/kWh without subsidy. and accuracy o.f .sa’Felllte derlyed and.NWP based .surface irradiance forecasts are not sufficient to meet the needs of
the SunShot initiative, especially at high penetration of solar. Solar Resource Database (NSRDB): The National Solar Radiation Data Base 1961-1990 (NSRDB)
° qz) A 75% duction bv 2020 contains 30 years of solar radiation and supplementary meteorological data from 237 NWS sites in the
&5 B >% cost reduction by . While accurate forecasts of the Global Horizontal Irradiance (GHI) is sufficient for photovoltaic (PV) based solar U.S., plus sites in Guam and Puerto Rico. The updated 1991-2010 National Solar Radiation Database
o v = plants. This compounds the challenge since accurate DNI forecasts require accurate representation of cirrus clouds, National Solar Radiation Database 2005-2012 update comprises 30-minute solar and meteorological
: (nominally 4 km2) by merging data from GOES-East and GOES-West.
Need For Accurate Solar Forecasting
— System Advisor Model (SAM): The System Advisor Model (SAM) is a performance and financial model
= Energy Imbalance Payments Over the last couple of decades the . i . . . . .
a l “ Enerev Imbal p t d/ ) , designed to facilitate decision making for people involved in the renewable energy industry. SAM
gy Imbalance Fayments and/or proliferation of rooftop and . ] : .. : .
Potential Manual Curtailment o includes several libraries of performance data and coefficients that describe the characteristics of
2014 2020 distributed solar energy systems has : : . :
o ° system components such as photovoltaic modules and inverters, parabolic trough receivers and
DEEI SR EEITE: malelitien |y, ChE e collectors, wind turbines, and biopower combustion systems
PRIORITY AREAS Negative Positive | the reduction in cost of solar ' ' '
Deviations Deviations : : :
P . . . . .
Gower . TN e EEs, WIHRIeEe fadoptlon Solar Prospector: The Prospector is a mapping tool developed for the Solar Power industry. This tool is
eneration — — of state renewable portfolio . . -
(MW) , designed to help developers site large-scale solar plants by providing easy access to solar resource
standards (RPS), and growing . :
, datasets and other data relevant to utility-scale solar power projects.
concerns about climate change,
o utility-scale solar generation now
68% progress towards 2020 goals includes a rapidly expanding number Earth’s Energy Balance
of large sca.le Photovoltaic (PV) and B enected Solar " incoming >35 ] Outgoing :
: — - © At Forecast Actual Concentrating Solar Power (CSP) Radiation _ ;ol;_r ‘ f Lonaya The earth’s
Solar Forecasting In The Context Of The SunShot Initiative orecast Actua ctua power plants that are being \ JRLI W ‘ W eyl atmoslpheredis
L : : i _ i ' issi complex an
In the past four years, the SunShot Initiative has catalyzed revolutionary advancements in solar Power producers submit a daY ahead schedule to the eIectrlc.system mtircon?lfcted t%the ]’Ertansmls.su?n Relﬂegted l:jy radiaﬁ:ive transfer is a
technologies, stimulating significant growth and accelerating deployment of solar energy Sperator. It ther”e are any deV|at|9ns from Fh.at schedu.le, (S_UbJeCt ere >Y> em.t de m:m erg ra;;:\ABV\.;,lpn- lgtr(:\l:)ssngre ’ Nao Q}{,?ggsj‘e”‘ challenging problem
systems. However, as solar deployment increases, integrating solar energy into the utility grid tolerance band” for renewables in recognition of their variable nature) conneete szsdeins.a ove n 79 i't“"'f;"s’g,:’eyre 169 to tackle. Most
poses difficult challenges due to the intermittent nature of solar energy and the impact of the POWET producer COUI_d be subject to penalties and replacement power lee 15 f.xpﬁc.e tho mcreafsi , — o advances; .
clouds and aerosols on surface irradiance. Accurate forecasting of solar resource and its costs levied by the electric system operator. ramaticaily In the near tuture an 78 Atmosphere Gases .
s : ] : : : will need to be integrated into atmospheric science
variability at high temporal and spatial resolution at least a day ahead is crucial to large scale , _ :
integration of solar energy into the utility grid oad ) electric power system planning and are aimed at
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GW In 2012, the DOE SunShot Initiative launched a Funding Opportunity Announcement (FOA) to improve solar & H,0 & €0, Sroblemiadyancesiin
@ a | forecasting. The FOA required applicants to address all of the following types of forecasts in their application: % ) .
3% % i - solar forecasting are
%%”o@j N . 1) Intra-hour ramp forecasts - 15 minute, 30 minute, 60 minute, and 180 minute ramps @ an essential part of
”%ZA,;% - 2) Short-term forecasts - 15 minute, 30 minute, and 1 to 6 hours ahead the solution.
¢ 3) Day-ahead forecasts - 12 to 24-hours ahead
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As a result of the solicitation, DOE announced S8 million to fund NCAR and IBM to advance research on solar Source: NASA JPL
forecasting through the following projects.
NCAR — NCAR is working with several universities, national labs, utility companies and NOAA to make significant Solar Forecasting Research Needs and Feedback Request
— improvement in solar forecasting through improved parametrization of clouds and aerosols, NWP improvements . . . _ _ .
~ I and observations (primarily Total Sky Imagers). The team is working to advance methods for solar radiation The goal to achieve high accuracy sol.ar forecasts for high penetratlc?r'\ Of solar 1> a chaII.en-gmg problem
% measurement and cloud observation and tracking techniques; methods to quantify and track aerosols that affect that 'need-s-to be addressed for' meeting the goals of the SU”Sh?t Initiative. While th_e limits of |
cloud formation and radiative transfer, including the prediction of aerosols, haze, and contrails; short-term predictability and the complexity of the atmosphere can make it extremely challenging to provide
prediction of cloud properties based on observations; and nowcasting techniques. irradiance forecasts with accuracy of 3%, dramatic improvements in surface irradiance forecasts will be
necessary for making solar energy dispatchable (available on demand) and cost competitive with other
WRF- SOLAR: A new tool developed through NCAR-NOAA collaboration to improve GHI and DNI forecasts of conventional forms of energy.
surface irradiance.
. ' . . _ o . ' While improving understanding of basic atmospheric physics is the best way to improve deterministic
. DISTRIBUTION [P IBM - 'B_M 15 work.mg with sevgral national labs, solar companies and lft'l't'es to develop models for improving forecasts, a combination of deterministic and statistical forecasting approaches through advanced
forecasting, especially nowcasting through advanced ensemble modeling. machine learning and other statistical methods may provide the best solution. Your input and feedback
is highly appreciated and welcome.
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