Renewable Energy Outlook and
Resource Implications

AMS Summer Community Meeting
Norman, OK. August 13, 2009

Stan Calvert

Wind Technology Application Team Lead

Wind and Water Power Technologies Program
Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy




Outline

 Renewables Outlook
 DOE Programs
* Potentials
e Scenario studies
* Planning initiatives

e Resource Characterization Needs

e Public/Private Collaboration



Technology Portfolio

Energy Efficiency and Renewable Energy (EERE)

» Renewables Power Generation
 Solar (PV, CSP)
e Wind
e Water Power
e Geothermal

* Advanced Fuels & Vehicles et
 Biomass/Biofuels
* Vehicle Technologies

 Hydrogen

 Energy Efficiency
« Buildings Technologies
* Industrial Technologies
 Federal Energy Management
« Weatherization

Commercialization
and Deployment




EERE Fiscal Year 2009 Budget — $2.179 Billion

(FY10 Request — $2.319 Billion)
(Recovery Act - $16.8 Billion)

Recovery Act
Solar
Wind Renewables Power +$700
Geothermal Generation = $314
Water Power
Biomass
Advanced Fuels &
i . +
Vehicles Vehicles = $659 $2750
Hydrogen
Buildings
Industrial
State/Intergov. Energy Efficiency = $768 +$13,350
FEMP
Weatherization
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Note: Bar chart does not include Facilities and Inf  rastructure ($76), Program 4

Direction ($128), Program Support ($18) and Congres  sionally Directed ($229)




Congressional Direction for Water Power

FYO08 Appropriations

FY09 Appropriations

Recovery Act

$10,000,000 ... for research on conventional hydropower
technologies and innovative waterpower technologies , such as
thermal and wave technologies, for ocean, tidal and in-stream-
based generation.

$40,000,000 for basic and applied technology research and
development for tidal and ocean/marine renewable
technologies , including demonstration programs, and for
conventional hydropower research, development and
deployment.

$32,000,000 to modernize the existing hydropower
infrastructure in the U.S., increase efficiency and reduce
environmental impact.



U.S. Renewable Resources

Resource

Theoretical
Potential

Solar PV/CSP)

206,000 GW 8,000 GW

(PV) (onshore)

11,100GW 2,200 GW

(CSP) (offshore to
50 nm)

39 GW 140 GW
(conventional)

520 GW

(EGS)

4 GW

(co-produced)

78 GW




Wave, Current, and Tidal Resources

At least 50 GW estimated extractable resource in U.S.

 Greatest resource from waves and rivers

* Refined resource assessments necessary to decrease

uncertainty and prioritize development

 DOE engaged in wave and tidal resource assessment;

solicitation open for river and ocean current.

Resource

Raw (GW)

Extractable (GW)

Wave

240

30

Tidal Current

13

2

Ocean Current

Unknown

6

River

1426

13

Total

1679

51

*Source: EPRI 2009, NYU 1986 7




Renewable Energy Cost Trends

Subsidies not included

Source:

Levelized cost of energy in constant 2005% NREL Energy Analysis Office
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DOE Report: 20% Wind Energy by 2030

Explores the feasibility of one scenario
for reaching 20% wind by 2030, not
predictions or policy recommendations

Purpose

» Assess the challenges

« Evaluate costs and benefits

* Address requirements and outcomes

Critically analyzes wind’s potential
contributions to energy security,
economic prosperity and environmental
sustainability

20% Wind Energy by 2030




Renewable Systems Interconnection Activities
(Transmission & Integration)

Wind Plant
Performance

Grid System
Operations

Characterization

*Analysis methods and tools
>-Mitigation strategies

* Resource assessment

» Forecasting

» Generator and wind farm
modeling

—Forecasting application

—Increasing system flexibility

—Stochastic models
—Market structures

Grid System
Planning

Interconnection studies
«System expansion studies
*Planning assistance
sIncreasing existing line usage

Communication, Policy, Education and Outreach

*Regulators *Operators
sLegislators *Planners
sUniversities *|SOs, RTOs

|[EA *|[EEE
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Grid Systems Planning

Regional Studies and Assistance

Western Wind and Solar Integration,
Eastern Wind Integration and
Transmission Studies

« Largest renewable transmission and
integration studies to date

e Simulate power system operation and
investigate transmission expansion
options at wind penetration rates of

LEGEND

WestConnect Lines
Call

alifornia Lines
LADWP Lines

WWSIS

20% and 30%
Northwest Wind Integration Forum
WECC 15% Renewables Study

WGA Western Renewable Energy
Zone Initiative

Hawaii Clean Energy Initiative
Smaller Studies for Specific Utilities

EWITS
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Western Renewable Energy Zones

Goal: Evaluate renewable resource
technologies likely to contribute
to Western Governors
Association’s policy resolution to
develop 30,000 megawatts of
clean and diversified energy by
2015.

The WREZ project will generate:

reliable information for use by
decision-makers that supports
the cost-effective and
environmentally sensitive
development of renewable
energy in specified zones, and

conceptual transmission plans
for delivering that energy to load
centers within the Western
Interconnection.



DOE Renewable Electricity Futures Study

Goals

« Evaluate the technical, economic, and environmental feasibility of a
50/60/70/80% renewable power grid in 2050, with interim targets
in 2030/2040

« |dentify the technology Research, Development, Demonstration,
Deployment (RD3), and Policy necessary to achieve this scenario

Approach

» Develop concepts for highly flexible electric system concepts using
variety of renewable generation, advanced grid technologies and
operational strategies, demand response, storage

» Perform engineering analysis of the feasibility and reliability of high
penetration renewable scenarios (FERC, NERC engaged)

* Include analysis of high nuclear and fossil CCS scenarios

Draft reports expected in summer 2010 timeframe
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Interconnect-Level Transmission
Analysis and Planning

DOE Recovery Act solicitation ($60M, closing September 14) to
facilitate the development or strengthening of capabilities in
each of the three interconnections (Western, Eastern, and
Texas/ERCQOT) serving the lower 48 states of the United
States and regions of Canada and Mexico, to:

* prepare analyses of transmission requirements under a broad
range of alternative energy futures, and

» develop long-term interconnection-wide transmission expansion
plans.

Also seeks to support extensive stakeholder coordination
activities
» Federal, regional, state, local, utility, and public Sectors
« Address siting, cost allocation, equity issues
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Resource Characterization Needs
Wind and Solar

Mesoscale wind modeling

« Initial data sets for Western and Eastern
Interconnections available

e 10-minute, 2-km resolution

Wind Measurements

« Tall tower

» SODAR and LIDAR application

* Regional wind mapping, meso model validation

Wind Forecasting

« Improve forecast accuracy on planning,
scheduling and system balancing time scales

* Anticipation of extreme events

Improved Direct Normal Insolation
» High resolution satellite modeling
» Additional ground stations

Solar Forecasting
e CSP: 0to 6 hrs ahead, 1-3 days ahead
* PV: Subhourly, under 3 km resolution

Database development
* Develop comparable solar data

 Create database of wind and solar 10 min
resource data

15



|
PNNL, LLNL, ANL, NREL and ORNL support
DOE forecasting/data efforts
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DOE Joint Workshop on Atmospheric Science
Needs for Wind Energy — January 2008

Focus areas

Turbine Dynamics
Micrositing and Array Effects
Mesoscale Processes
Climate Effects.

Major themes

Continued progress in wind technology requires stronger understanding of atmospheric
sciences to assure robust turbine design and support development and operations

Need to coordinate experiments & observations with computational theory

Conclusions

Accomplishing high-penetration wind energy deployment goals will require an
unprecedented ability to characterize the operation of large wind turbines deployed in
wind farms and extracting unprecedented levels of energy from our planetary boundary
layer.
Success will demand accurate, reliable computations and measurements ac ~ ross an
expansive scale range that extends from microns to kilometers.
Collaboration among Federal agencies, industry and academia, is needed for realizing these
objectives.
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Renewable Energy Resource Characterization
Collaborative

* High penetration of weather dependent renewable energy requires greater
understanding of atmospheric, hydrologic, and oceanic resources

» Leverage the combined capabilities of the agencies and experts involved
« Coordinate and clarify public and private sector roles
« Potential participants:

« DOE: EERE, Office of Science, Office of Electricity Delivery and Energy Reliability
« NOAA: ESRL, NWS

« NASA

 NCAR

* NSF

 FERC

 DOI: Minerals Management Service (MMS), Bureau of Land Management (BLM)
« DOD

o 7277

Planning for fall workshop/collaborative development meeting in Washington
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Addressing Urgent Priority: Wind Data

Lack of high quality wind data  has been identified as a top
priority by grid operators, the wind industry, forecasting
experts, and the atmospheric science research community.
Needs include:

e Siting of future wind farms

* Providing data for validation and assimilation into Numerical Weather
Prediction (NWP) for short-term forecasts

* Improving the representation of physical processes including turbulence
in NWP models

Team of experts working to define “nested network”
approach

« Approach - large number of production instrumented sites, with a
smaller number of intensively instrumented sites.

 Focus will be on measurements in the lowest few hundred meters and
fine vertical resolution within this lower part of the atmosphere.

« Component of a nationwide ‘network of networks’
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Wrap up
 Thank you for your interest in and commitment to advancing
renewable energy

e Getting the resource dynamics right is critical

« DOE committed to leveraging available capabilities and
resources, public and private, to address National energy
needs

* Look forward to working with you to shape our collaboration
ahead
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