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20% Wind Energy by 2030
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United States - Wind Resource Map
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VTMX Vertical Transport & Mixing Processes

a) Shear Across Layers

<) Local Pulsations
"pPumping”

d) Local Features:
-Convergence/Divergence; Obstacle effects

e) Mountain Wave Effects




Complex terrain:
Near-surface winds = interaction between

large-scale and topographic effects

Larger-scale flow conditions

Local near-surface winds

Large-scale conditions (wind, temperature, pressure, distributions)
addressable using satellite information ?7?
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» Insufficient observations of wind at the height of wind turbines
(20 -200 m)

Need improved understanding of:
- mesoscale processes

- planetary boundary layer

- complex terrain effects

- upwind turbine effects

Need improved weather forecasts

Need to explore co-variability of wind power potential across
grid, in particular for extremely low and high tails of the
distribution

NOAA holds the expertise to do this work

To realize CO, savings, grid operators must have confidence in
wind forecasts to offset fossil fuel plants




Develop 1-km National Weather Models with Hourly Updating as a Backbone to
RE Guidance Infrastructure

Develop wind-energy testbeds to improve fundamental understanding of
mesoscale and local flows that have proved critical to wind-energy operations.

Improve quantitative forecast skill for mesoscale and local flows in NWP models

by improving representation of physical processes at wind-turbine heights

Create a national reference data base with historical and real-time data, the latter
including data at the relevant turbine hub height

Develop and deploy new instruments and observational strategies, and data
distribution and visualization tools

Develop seasonal forecasts products that address regional wind energy
potential in the U.S.

Improve understanding of the impacts of wind farms on the environment,
weather and climate across a range of spatial and temporal scales.
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PV Solar Radiation
(Flat Plate, Facing South, Latitude Tilt)
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Estlmated Solar Capacnty in SW Unlted States
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1500 construction jobs
over two years

85 permanent jobs
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Surface solar radiation sites between 1964
and 1993. By 1993 most U.S. sites were
inactive.

Reviving these U.S. sites quickly would be
very helpful for supporting solar energy
development.

NOAA solar network sites supported
as of 2008. The new Surface
Radiation Budget network started in
1995 with three sites.




» Insufficient observations of solar radiation (direct and total)

» Need improved forecasts across a range of time scales of sun
(clouds & aerosols) to help integrate CSP into grid (balance
supply with demand)

» Need to know co-variability of wind and solar energy
» NOAA has the expertise to do this work




Solar Industry Requirements

Both direct (for CSP) and total irradiance
measurements required

Data for spectral as well as broadband devices
are needed

Aerosol optical depth is important for CSP ( 0.10
AOD is considered clean, but this is still a 10%
loss of direct beam energy for high sun)

Space and time resolution (1/2-hour data from
GOES may not suffice; extreme is needed for 1-
sec sampling with 100-m resolution for PV
arrays)

Accuracy (Consider an investment if return were
estimated at 10% with uncertainty of 10%; a lot
of marginal data exist)




Alamosa, CO - 5min. System Output
September 4, 2008 [P System Current
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Acquire enhanced solar observational database (total and direct) to help evaluate
current and future solar resource for spatial and temporal variability.

Solar testbeds and observations network.

Enhance ability to infer direct solar radiation at the surface from satellite data
using these validation datasets.

Improve cloud forecasts in models and fundamental understanding of clouds,
including improved assimilation of cloud observations in NWP models.

Develop and validate surface solar radiation forecast products (direct and total).

Assimilate current aerosol and albedo data into forecast models.

Develop seasonal forecasts products that address regional solar energy potential
in the U.S.

Develop data distribution and visualization tools.

Improve understanding of the impacts of CSP farms
on the environment, weather and climate across a
range of spatial and temporal scales.













<A\ NOAA's Capabilities to Advance
¥ Renewable Energy: Improve
understanding of Climate Issues

Weather Forecasts and

Climate Change Renewable Energy Resources




Improving understanding of climatic variability of RE resources (wind, solar,
precipitation) using historical data.

Improving understanding of remote forcing mechanisms, such as ENSO,
PDO, AMO, etc., and whether they are linked to climatic variability of RE
resources.

Determining if climate models have skill at addressing long term projections
of RE resources, and recommending potential model improvements that
would yield higher accuracy at simulating RE resources.

Assessing skill of weather models at forecasting RE resources out to Week-
Two time scales.




Assessing the ability of climate models (e.g. CFS) to be skillful at simulating
and predicting RE resources over seasonal time scales, in conjunction with
our understanding of the impact of remote forcing mechanisms such as
ENSO.

Assessing the impacts of deploying of massive RE projects on a national or
regional basis.

Developing and testing of better model physical parameterization schemes
for weather and climate models, especially their representation of PBL
structure and clouds.

Providing information about future impacts of climate change on renewable
energy systems, to optimize the operational effectiveness of these energy
production systems.
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To understand and predict changes in the Earth’s
environment and conserve and manage coastal
and marine resources to meet our nation’s

********* economic, socilal, and environmental needs.










Monthly seminar hosted by
NOAA ESRL
and DOE NREL

“Sustainable Energy and
Atmospheric Sciences”

Diverse audience, e.g.,
academia, private industry,
public

June 16 seminar will address
SmartGrid technology

Let me know if you would like to
be added to our seminar emaill
list
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Typical Silicon Photodiode Spectral Response







Different SZAs; AOD = 0.00, H20 =2.0cm

—— SZA=30; Air Mass=1.2
—— SZA =60; AirMass=2.0
— SZA =80, Air Mass=5.7
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AEROSOL OPTICAL DEPTH
Determined by sunphotometry

North central Oklahoma - Daily average at three wavelength

1993 1994 1995 1996 1997 1998 1999

2000 2001 2002 2003
J. Michalsky et al., JGR, 2001
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Can one estimate the energy, dollar, &

carbon value of improved atmospheric and
oceanic info for renewable energy?
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» Grid operators keep demand (load) and ‘

generation closely balanced

» Balancing is done by
1) reducing output levels
from plants, or
2) shutting plants off

» Plants operating at reduced capacity are less
efficient (~30 % lower efficiency for CC, 15 % for coal)

»Because of start-up costs, don’t want to turn off plants
for short periods of time:
- Nuclear: weeks
- Coal and Steam Gas: 24 h,
- Combined Cycle: 8 h,
- Gas Turbine: minutes.




Wind Generation Revenue ($M)

SoA = State of the Art
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Scenarios of different wind energy production capacities (MW)



Impact of Forecasting on Wind Generation
Revenue ($/MWh of wind energy)

30.00 - O No Forecast *

Revenue ($/MWh)

W SoA Forecast

20.00 ~ O Perfect Forecast

il

5K 10K-1 10K-2 15K

Scenario

Extrapolating GE ERCOT results to 20% US electricity production by wind in
2030:

Value of SOA forecast: ~$16/MWh x 800 TWh = $13 Blyear

Value of improving from SOA to perfect forecast: ~$2.4 B/year




Impact of Wind Forecasting on Fuel and Plant Costs

($/MWh of Wind Generation)
Variable Cost Impact of Wind Forecasting ($/MWh of Wind)

10.00

8.00 B SoA Forecast
O Perfect Forecast

6.00 ~

4.00

Cost Impact ($/MWh)

2.00

0.00 -

5K 10K-1 10K-2 15K

Scenario

Extrapolating GE ERCOT results to 20% US electricity production
by wind in 2030:

Value of SOA forecast: ~$5/MWh x 800 TWh = $4 Blyear
Value of improving from SOA to perfect forecast: ~$800 M/year



205,000, 000

200,000, 000 cenmaa. COZ({TONS)

195,000, 000 e o L e o e o e e S S S ]
190,000, 000

185,000, 000

180,000, 000

175,000, 000

170,000, 000

165,000, 000

160,000, 000

Zero Wind 5 GW 10 GW 10 GW 15 GW

Wi Wind - Wind - Wind
Casa 1 Case 2

10 GW
Wind .

Zoro Wind S5GW Wind 10 GW 10 GW 15 GW
Wind - Wind - Wind
Case 1 Case 2




E B B 3 ¥ ¥

005 Concentration (ppm)

-

o
a

1060 185 1970 1075 189S0 10ES 18RO 10RE B 2005 20010
fear

























