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R&D Planning and P

Steps:

. National Energy and Long-Term Policy Goals *
. Visioning the Roles for Advanced Technology *
. Scenarios Analyses *

. Portfolio Analyses *

. Prioritization and Budgeting *

. High-Level Oversight and Appropriations

. R&D Program Evaluation and Feedback

. Supporting Policies for Int’l Cooperation & Deployment

* Focus of This Presentation. Other Parts are Necessary for a Complete Process.



Step 1 --

National Energy and
Long-Term Policy Goals
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National Energy Strateg

Energy Policy
Act e
of 2005 U. S. DEPARTMENT OF ENERGY
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Visioning the Roles

Policy Goals

e Economic Prosperity
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Technology Goals

Reliable, Affordable, Energy Supply
Efficient Energy Use
Efficient & Transparent Markets

 Energy Security

Alternatives to Oil

Diversify from Insecure Sources
Expand Practical Options
Promote Clean Energy Use

e Environmental
Protection

Minimize Air & Water Pollution
Minimize Impacts Land & Ecosystems
Slow Growth of GHG Emissions
Stabilize GHG Concentrations



Step 2 --

Visioning the Roles for
Advanced Technology
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Our Analyses Begins
Augmented by Cross-

Supply

Distribution
Advanced Nuclear

Electric Grid
of the Future

Hydrogen & Gas
Infrastructure

Use

Industrial
Technologies

Zero Emission Fossil
Electric Generation
Renewable Energy Advanced

Building Systems

Fusion Energy

Vehicle

Fuel Grid Technologies

Alternative Liquid Fuels
of the Future

Bioenergy/Chemicals

Future Electricity Systems Assessment

Future Liquid Fuels Systems Assessment

Future Hydrogen & Gaseous Fuels Systems Assessment

Cross-cutting / Enabling Science and Technology Opportunities & Challenges
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Energy Security — Focu
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Transportation

- Biofuels

Alternative
Liquids

Electric
Substitution

Propulsion
Options

Vehicle Systems

* Ethanol from sugar <« Cellulosic ethanol

* Bio-diesel

* Oil Shales -« Coal Liquifaction
* Enhanced oil recovery < Heavy crude processing

* Hybridization < Electrical energy storage
« Auxiliary power options

* High Efficiency Diesels < Hybridization
* Plug-in hybrids
* Lightweight structures / materials

* Electrification of auxiliaries
« Efficient conversion systems
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Energy Security — FC

 Near-Term: Efficiency options build on improved ICE technologies and
hybrid drives

— Light duty HE Diesels with NOx control
— Flex-fuel engine management
— Mild hybrid designs utilizing conventional batteries
 Near-to Mid-Term: Fuel switching provides a bridging option to offset oll
demand
— Current ethanol options can support expanded distribution systems
— Coal to liquids is a viable option for benchmark crude prices over $35-40 / bbl
 Longer-Term: Technology options provide a more stable and sustainable
energy base for transportation systems
— Cellulosic conversion essential to sustained bio-fuels market penetration

— High density electric storage options are essential to broadening hybrid market
penetration (2x improvement)

— Viable CO2 disposal options essential to mitigating environmental impacts of
coal-to liquids and unconventional hydrocarbon production

— Hydrogen requires major technology and infrastructure breakthroughs



Key Technologies

Near Term Options
< 2010

Through 2015

vehicles
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Through 2025 and heyend

10



11 February 2007

Supporting S&T

echnology maturation Targeted Research Discoverny,
and deployment And Development Research

» High efficienc
with effective
environmenta

* Improved gas
hybrid option
* Flexible fuel

e Lower cost cc
to ethanol co

» Coal to liquid
carbon captu
storage)

Light weight
vehicles

* High density
electric stora

e Fuel cell tec
 Power electr

e Combustion
and process

Cellulosic bi

In-situ oil sh
processing

» Carbon capt
storage for c
liquids

» Compact, high c:
electric energy s

* High density hyd
storage

« Catalysis & cont
chemical transfo

« Membrane separ

» Bioengineering f
increased yield &
of conversion of
feedstocks

* Permeability scie
engineering for E

 Nanoscale mater
science
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All Three Policy Go

Modernized Electri

Nuclear

Fuel switch

Zero emission
fossil

Effi

Renewable

Advanced T&D
components

Visualization
& modeling

| Responsive loads &

real-time controls

Buildings

Industrial
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Electricity System

* ALWR
* High temperature reactor

* Closed fuel cycle e International reactor
* LWR

» Sequestration
e Zero-emission combustion

* Future Gen
* Advanced gasification

* Wind — low speed & off-shore e« Photovoltaic
» Concentrating solar e« Storage < Bio power

* Energy storage ¢ High temperature superconductivity
* Power electronics e Fault current limiters

* Grid monitoring < Computational modeling
* Real time visualization

* DG interconnection < MicroGrids
* Sensors & real-time controls

» Zero-energy buildings e Solid-state lighting
* Efficient integrated system
* Recycle & gasification by-product

* Efficient processing < Novel manufacturing systems
« Efficient conversion systems
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Several Key Technologies €
Technology Options to Red

Near Term Options
< 2010

Through 2015

Through 2025 and heyend

orn starch to ethano _
* Oxycombustion technology

» Bio-diesel (<20% blend) * Next generation PV : : :
O systems * High power density electric
* Integrated building = trat | energy storage
systems oncentrating sotar power « Third generation high
o Efficient Industrial * Biorefinery plants in performance PV
systems operation « “Zero energy” buildings
« First generation biofuels « Advanced lignocellulosic
from lignocellulosic conversion technologies
feedstock

» High yield energy crops
» Solid state lighting
13



CO, Reduction Requires an

Discovery to Commercial In

Technology Maturation

and Deployment

Terrestrial sequestr
evaluated
» Large scale demons
geologic sequestrat
* Exploration and mal
potential geologic s
sites
» Demonstration of se
arange of geologic
¢ Near-term improve
hydrogen productic
storage and fuel cel
» Single crystal silico
» Technology for cell
separation
e Smart power electrc
switchable grid con
enable utility scale

Targeted Research
And Development

3D seismic mappi
fluid flow in perme
formations
High temperature s
H2 and CO2
Nanostructured ca
composites for hig
H2, and CO2 sepa
New methods and
synthesizing new c
Efficient processes
energy storage anc
conversion
Photocatalysis
Interfacial process
Thin film organics
Efficient methods
thermochemical cc
cellulose to sugars
Efficient conversio
than glucose to et
Charge transport a
organic solar cells
Tuning to the sola
dye sensitized sole
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Discoverny,
Researech

Theoretical models for
hydrodynamics in perme
Catalysts for mineralizat
stable carbonates
Computational models o
combustion in turbines
Photocatalytic processe
splitting and hydrogen p
Designer nano-structure
Hydrogen storage mater
processes

Quantum dot photoexcit
Theory and modeling of
excitation and transport
dot arrays
Bioengineered crops
Genetically modified phc
Understand mechanism
cellulose and lignin deg
Bioengineer nitrogen fix
Bioengineer organisms ¢
catalysts for cellulose to
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Comparative Analysis

“Energy” and “Climate

« Both Technology Strategies are Largely Aligned
e Climate Change is Technically More Challenging

 If Climate Change Strategy is Pursued Successfully,
Energy Security Goals Will Also Be Achieved

 Selected Exceptions May Be Dealt with Separately

— Coal to Liquids
— Oil Shale

— Methane Hydrates (in Ocean Continental Shelf)

15



Step 3 --

Scenario Analysis



Planning & Analysis

of Uncertainty

 Global Perspective
e 100-Year Planning Horizon

 Uncertainty Across GHG

Stabilization Goals
« Technology Scenarios
« Technology Competitions

e Economic Benefits
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Pacific Northwest
National Laboratory

Climate C]:u'nge Mitigation: An Analyais of
Advanced Tac]:nology Scenarios

C. Izzarralde

September 2006

http://www.globalchange.umd.edu/
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Planning Under Unce

the UNFCCC Goal ...

Emission Trajectories Concentration Trajectories
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World Primary Energy Demand, 1990-2095*
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Mid-Range Example

Emission

25
Hypothetical Unconstrained Emissions Scenario
A
20 ;
Hypothetical Reduced Emissions Scenario
'E:
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. :
c
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S
L v
Q
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Cumulative Emissions
~ 900 GtC
0
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
GtC = Giga-Tonnes Carbon Year
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How Big is One Gigaton Per Year Of GHG Reduction?

Actions that provide 1 gigaton per year of carbon-equivalent mitigation for the duration of their existence:

Coal-Fired Power Plants. Build 1,000 “zero-
emission” 500-MW coal-fired power plants to
supplant coal-fired power plants without CO,
capture and storage. (Current global installed
generating capacity is about 2 million MW.)

Geologic Storage. Install 3,700 carbon
storage sites like Norway’s Sliepner project
(0.27 MtClyear).

Nuclear. Build 500 new nuclear power plants,
each 1 GW in size, to supplant an equal

capacity of coal-fired power plants without CO,

capture and storage. This would more than
double the current number of nuclear plants
worldwide.

Electricity from Landfill Gas Projects. Install
7,874 “typical”’ landfill gas electricity projects
(typical size being 3 MW projects at non-
regulated landfills) that collect landfill methane
emissions and use them as fuel for electric
generation.

Efficiency. Deploy 1 billion new cars at 40
miles per gallon (mpg) instead of 20 mpg

Wwind Energy. Install 650,000 wind turbines
(1.5 MW each, operating at 0.45 capacity
factor) to supplant coal-fired power plants
without CO, capture and storage.

Solar Photovoltaics. Install 6 million acres of
solar photovoltaics to supplant coal-fired power
plants without CO, capture and storage
(assuming 10% céll DC efficiency, 1700
kWhr/m2 solar radiance, and 90% DC-AC
conversion efficiency).

Biomass Fuels from Plantations. Convert a
barren area about 15 times the size of lowa’s
farmland (about 33 million acres) to biomass

crop production.

CO, Storage in New Forest. Convert a barren
area about 40 times the size of lowa’s farmland
to new forest.

Note: SRES (IPCC 2000) scenarios assume that all of these technologies will be used extensively prior to 2100.
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Technology S

Technology Scenario #1. “Closing the Loop on Carbon”

Advanced Coal, Gasification, Carbon Capture, Sequestration, and Hydrogen Technologies
Augment the Standard Suite of Technologies

Technology Scenario #2: “A New Energy Backbone”

Technological Advances in Renewable Enerqgy and Nuclear Power Give Rise New
Competitive Realities, Reducing Dominant Role of Fossil Fuels

Technology Scenario #3: “Beyond the Standard Suite”

Novel and Advanced Technologies (e.g., Fusion, Large Scale Solar, and Bio-X)
Emerge to Play Major Roles, Complementing the Standard Suite.
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bone for High Emissions Constraint

the 550 ppm level of stabilized concentrations)

World Primary Energy Demand, 1990-2095 World Primary Energy Demand®
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Integrated Result

Potential Contributions to Emissions Reduction

400 B Closing the Loop
on Carbon

350 B New Energy Backbone
Beyond the Standard
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Source: Placet M; Humphreys, KK; Mahasenan, NM. Climate Change Technology Scenarios: Energy, Emissions and Economic Implications.
Pacific Northwest Nation Laboratory, PNL-14800, August 2004. Available at:
Image updated: April 2006 o5



11 February 2007

Quantities — Potential

CCTP Strategic Goal Very High High Medium Low
Constraint Constraint Constraint Constraint

Goal #1:

Reduce Emissions from Energy 250 - 270 190 - 210 150 - 170 110 - 140
End Use and Infrastructure

Goal #2:

Reduce Emissions from Energy 180 - 330 110 - 210
Supply
Goal #3:

Capture and Sequester Carbon 150 - 330 50 - 140
Dioxide
Goal #4:

Reduce Emissions of Non-CO, 160 - 170 140 - 150 120 - 130
GHGs

Estimated cumulative GHG emissions mitigation (GtC) from accelerated adoption of advanced
technologies over the 21st century, by strategic goal, across a range of hypothesized GHG

emissions constraints.

Source: Clarke, L., M. Wise, M. Placet, C. Izaurralde, J. Lurz, S. Kim, S. Smith, and A. Thomson. 2006. Climate Change Mitigation: An Analysis of Advanced

Technology Scenarios. Richland, WA: Pacific Northwest National Laboratory.
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CCTP Strategic Goal

Goal #1:

Reduce Emissions from Energy
End Use and Infrastructure
Goal #2:

Reduce Emissions from Energy
Supply
Goal #3:

Capture and Sequester Carbon
Dioxide
Goal #4:

Reduce Emissions of Non-CO,
GHGs

Very High
Constraint

2010 - 2020

2020 - 2040

2020 - 2050

2020 - 2030

High
Constraint

2030 - 2040

2040 - 2060

2040 or Later

2050 - 2060

Medium
Constraint

2030 - 2050

2050 - 2070

2060 or Later

2050 - 2060
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Low
Constraint

2040 - 2060

2060 — 2100

Beyond 2100

2070 - 2080

Estimated timing of advanced technology market penetrations, as indicated by the first GtC-eq./year
of incremental emissions mitigation, by strategic goal, across a range of hypothesized GHG

emissions constraints.

Source:: Clarke, L., M. Wise, M. Placet, C. Izaurralde, J. Lurz, S. Kim, S. Smith, and A. Thomson. 2006. Climate Change Mitigation: An Analysis of Advanced

Technology Scenarios. Richland, WA: Pacific Northwest National Laboratory.
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Potential Cost Reductio

Comparative analysis of estimated cumulative costs over the 21st century of
GHG mitigation, with and without advanced technology, across a range of
hypothesized GHG emissions constraints.
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GDP Losses in CCTP

United States The World

3.5% 3.5% ‘ ‘

—=— 450ALL —8— 450ALL | |

3.0% —— 450BSS 30% ——450BSS j ,

5 59 —a— 450CLC 5 59 —a— 450CLC 3 3

=" —3%—450NEB =% —¢—450NEB / | N\

= ) | |

S 20% —®—450Ref S 20% —e—450Ref | |

Y | v | / | |

o 15% - : & 15% : 1 1
o ; o ; / !

1.0% j 1.0% | ‘

0.5% - | 0.5% } }

0.0% - 0.0% - |

2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100

29



1,400
1,200
1,000
800
1
X
W 00

400

200

11 February 2007

High Con

Annual E

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

M Fossil, Nuclear, Hydroelectric, Other B Wind and Solar
Ml Bioenergy [1 Energy Reduction (Buildings)
I'1 Energy Reduction (Industry) I'1 Energy Reduction (Transportation)
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Annual Emissio

25

20 -

GtClyr

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

B Net Vented Emissions M Additional Terrestrial Sequestration
M Fossil, Nuclear, Hydroelectric, Other B Wind and Solar

M Bioenergy [1 Energy Reduction (Buildings)

[ 1 Energy Reduction (Industry) I'1 Energy Reduction (Transportation)
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Step 4 --

Portfolio Analysis



Climate Change

Strategic Goals:

1.

a H~ N

Reduce Emissions From Energy End
Use & Infrastructure

Reduce Emissions From Energy Supply
Capture & Sequester CO,
Reduce Emissions From Non-CO, Gases

Improve Capabilities to Measure &
Monitor GHG

Bolster Basic Science

11 February 2007

www.climatetechnology.gov
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Technologies That

GOAL #1

Ene
End-Use &
Infrastructure

GOAL #2
Energy Supply

GOAL #3
Capture,
Storage &
Sequestration

GOAL #4
Other Gases

GOAL #5

Measure &
Monitor

MEAR-TERM

« Hybeldl & Plug-In Hybrid Elactrie Venicks
- Englnasrad Urban Designs

= High-Parformant Intagratd Hames

= High Effielancy Appliances

= High Efficlancy Bollars & Combustion
Bystams

= High-Tamipsraturs Supsrconductivity
Damonstrations

« [GCG Commarchlization

- Btationary Hy Fusl Calls

= Cost-Compatithve Solar Y

= Damonstrations of Calluloelc Ethanol
= Disiributed Elaciric Ganeration

= Avancad Fission Reactar and Fusl Gyela
Toehnokgy

= GBLF & CBRP

= Past Combustion Captura

« Oy-Fusl Gombustion

- Enhancad Hydmcarhon Recovary

= Gaologlc Resarvolr Charactarization
= Balls Cansarvatlon

= Dillution of Diract Injected GOy

= Mathana 1o Marksts
= Pracizlan Agricutura
- Avancad Rafrigaratian Tachnologles
= PM Gontral Technalogles Tor Vahicks

= Lotw-Caost Barsors and Communieations

MID-TERM

= Fusl Call Vahicks and Ha Fusls

= Low Emission Alrcratt

- Solld-Btate Lighting

= Ultra-EMficiant Hy ACR

- *Bmart” Bulkings

- Transtarmational Technalogles
or EI'IEII'm‘-"'ITE'ISh'E Industrias

® EI'IET!]]I' E'DJ[-H& Tar Lead Le'.rellng

= FuturaGan Beale-Lip

# Ha Co-Production from CoalBlamass
= Livw Wind Spead Turbinas

= Advanced Bloralinarks

= GO unity-Seala Bolar

=Gen I Muckar Plants

= Fuzlon Plick Fant Damanstration

= Ganlngic Btorage Proven il

= G0 Transpart Infraztructurs

= Bolls Uptaka & Land Use

- DcEan ©0g Blokgkal Impacts Addresssd

« Advanced Landill Gas Ulzatkan
= 50l Microblal Frocesses
= Substitutas for &Fg

= Catalysts That Reduce N0 10 Elmental
itragen In Disssl Englnes

= Large Scale, Sacurs Data Slorage Eystam

« Diract Meazuramant 1o Raplacs Proskes
and Estimators

11 February 2007

LONG-TERM

= Widaepraad Lsa of Enginearad Urban
Deskns & Reglonal Panning

= Enargy Managad Cormunillas

= [nbagration of [ndustrial Hest, Powar,
Process, and Technlgquas

« Buparconducting Transmisslon and
Equipmeant

« Zaro-Emission Fossil Enargy
« Hy & Ekectric Economy

= Wideepraad Renawable Enargy
= Blo-Inspirad Enary & Fusks

= Widespraad Nuclear Powar

« Fuskn Poer Plants

« Track Record of Suceasstul GO, Slorage
Exparlance

» Large-2cale Gaguestratlon
= Carbon & OO, Basad Frodudts & Matartts
« Bafa Long-Term Ocgan Storans

= Integratad Wasts Manapsmant Systam
with Autornated Sorling, Processing &

Recych
= Zaro-Emission Agricuturs
- Biolk-8tata Rafrigeralon/ &G Systams

= Fully Dperational Intagratad MM Systams
ArchRectura (Barsors, Indktors, Dat
Visualization and Starags, Modak)

34
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CCTP Sponsored

« For Each CCTP Strategic Goal:

— Assess Adequacy of the R&D Portfolio
to Make Progress Towards 6 CCTP
Goals

— ldentify Strengths, Weaknesses, Gaps
& Opportunities

— Prioritize Gaps & Opportunities

“Results of a Technical Review of the

— I " U.S. Climate Change Technology Program’s
Make Selective Recommendations R&D Portiolic » May 2006

www.climatetechnology.gov

35



Technolog

Reduce Emissions fro

Transportation

Buildings

Industry

Electric
Grid &
Infrastructure

MEAR-TERM

= Hybrid & Plug-In Hybrld Elactric Vahlcles
« Clian Dilessal Vahicks

= Aftarnative and Fusl-Fladbk Venicks

« Improvved Battarlas, Enangy Storaga

= Powar Elecironics

= Enginearad Lirban Daslyns

= Reducton of Vahick Miles Travekd

= |mproved Alr Space Oparations

= High-Farformancs, Integratad Homes
= Enargy-EfMiclant Bullding Matarials

= High-EFficlancy Applantes

« Sokar Gontrol Windows

= |mproved Pricesses In Enardy-lmensie
Ircustres

= High-Erficlancy Ballers and Gom bustion
Systams

= Giretar Wista Heat Utlzation

« Improved Recyclablity and Graater Uss of
Byproduets

= Blo-Based Feadstocks

= DEtributad Genaratlon

= Smart Metaring & Contrals Tor Paak
Shaving

= Lang-Distance DG Transmission

« High-Tamparatura Suparconductivity
Damonstrations

= Powar Eleciranics
+ Gompasita Conductar Cablas

MID-TERM

= Fusl Call Viahiclas and H, Fusts
« Efficlant, Claan Haavy Trueks

= Callukosi: Ethanol Vahlcles

= Intalikgart Transpart Systams
= Intagratd Reglonal Planning
= Low-Emission Alrerart

= Intarchy Transpart Systams

= “Smart” Bulldings
= Solk-Stata Lighting

= Ura-EfMiciant HYACR

= Intalikgart Bullding Systams
= Naural Nat Bullding Cortrols

« Transtormational Technologles Tor Enargy-
Imbanskve Industrias

= G&C0, Managed Industrias

= Buparconducting Electric Motors

= Efficlant Tharmoalactric Systams

= Acvanced Baparation Technokigkes

= Low-Emission Cameant Alarmatias
=Water and Enargy 2yztem Optimization

« Enarcy Storage for Load Levaling
= Maural Net Grid Systams
= Arhvanced Controks and Power Electronics

11 February 2007

LONG-TERM

« Zaro-Emilsslon Venlela Systams
- Optimizad Mutti-Madal |nbarcity
& Frakght Transpart
« Widsepraad Uss of Enginssrsd Urban
Deskjns & Reglonal Flanning
«Vary Lo Aviation Emissions (all GHES)

= Enargy Managed Commun Elas
« Low-Powor Sansors with Wirdees
COMMUNICAtS

* |miesgration of Industrial Heat, Fowar,
Priocasses and Technlquas

« High-Efflctency, All-Electric Manutacturing
= Widsspraa Uss of Blo-Feedstocks
« Closed-Cycte Products & Matsrkls

= GUparconaducting Transmission and
Equiprant

= Btandardizan Powar EBCITonics

+Wiralass Transmission
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Goal Sub-Area

Current Portfolio Strengths

Gaps & Opportunities

Transportation

Light Vehicles/Hybrids

Plug-in Hybrid Electric Vehicles

(SP-4.1) Heavy Vehicles Advanced Thermoelectric Concepts to Convert Temperature Differentials
Alternative Fuel Vehicles Studies of Advanced Urban-Engineering Concepts to Reduce VMT
Intelligent Transport Systems Advanced Freight and Low-Emission Aviation Systems
Aviation Fuel Efficiency New Combustion Regimes with Fuel Flexibility, Near-Zero Regulated Emissions
Buildings Building Envelope Advanced Sensors, Communications and Controls for Smart Buildings
(SP-4.2) Building Equipment Smart Roofs, Walls and Insulation
Integrated Design/Operation Integration of Distributed Energy/Renewables
Albedo/Urban Heat Island (EPA) Ultra-Efficient HVACR
Industry Energy Conversion & Utilization Advanced Applications of Biotechnology
(SP-4.3) Resource Recovery & Utilization Substitutes for Steel, Cement, Limestone, and Other High-GHG Products
Industrial Process Efficiency Industrial Waste Heat Reduction
Enabling Technologies Computational Modeling and Process Simulation for System Optimization
Water and Energy System Optimization
Life-Cycle Analysis for GHG Emissions
Infrastructure High Temperature Superconductivity Large-Scale Energy Storage to Solve Intermittency Issues
(SP-4.4) Transmission & Distribution Materials Science for Efficient AC/DC Conversion

Distributed Generation
Energy Storage
Sensors/Controls
Power Electronics

Nanotechnology for Efficient Transmission of Energy
Real-Time Observability, Monitoring and Control of Electric System Conditions
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Technologl

Reducing EmissIo

Fossil Power

Hydrogen

Renewables

Muclear
Fission

Fusion Power

MEAR-TERM

= GGG Commarallzation
= FutureGen Camonsiration
+ B0l Do Fual Galls

= Mora Efficlnt, Lowar-Cost, Claanar Goal
Plants

= Intesgrated Statiarary Fusl Call Systam
= Codes & Standards

= Damanstrations of Renewabls Hydrogen
Producton

= Lowar-Gost Wind Fawer

+ Blodlasal, Deamas of Galluksic Ethanal
= Phaotovolales an Bulklings

= Gost-Compsatitiva Solar PV

==t Genaration Blorefinary

+ Dtributed Ganaration Systems

« Avanced Fisslon Reactor and
Fusl Cycl Tachnalogy

= New Fual Forms and Materlals

« Greter Understanding of Plasmas
= Demonstration of Burming Flasmas (ITER)
= Identiication of Teehnology Cptions

= Undarstand Potantial of High-Ensrgy-
Density Physks Ressarch

MID-TERM

= Pra-Gombistion Technolagy for Gl nar
Goal-Bazad Electrichy Ganaration

= Zam-Emizsion Caal Pants {Futuragan)
+ H, Co-Production from CoalBlamass

» Low-Gast Hy Storage & Dalvery
= Hy Prociuction from Nuelear

= Hy Procuction from Rengwables

= Ranawabile-Hy-Powarad Fusl Call Vahicles

« Low-AWind-Spesd Turbines
= Artvancad Blorefinarias

= Gallukosic Biofuals

= Gommuniy-Scak Sokar

= Phototytic Water Splitting
= Energy Storage Optlons

= Ganly Mudsar Plants
+ Gloesd Prolmaration-Rasistant Fusl Gyclas

= Minimization of Wastes Raquiring
Gadlogieal Dispasal

= FLskon Pliot Fant Damonsiration

11 February 2007

LONG-TERM

= Fam-Emission Fossil Enargy

+ Hy & Ekcirle Economy

« Widespraad Renewabla EI'IEII'mI'
« Blo-Engineerad Blomses
« Blo-Inspired Enargy & Fusls

«Widaspraad Nuclaar Power
* Arfvanced Cancapts rorwasts Reduction

« Fuzion Powar Fants
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Goal Sub-Area

Current Portfolio Strengths

11 February 2007

Gaps & Opportunities

Low-Emissions
Fossil-Based
Power & Fuels

Advanced Power Systems
Distributed Generation — Fuel Cells
Co-Production Hydrogen

Integration with Carbon Capture and Storage
Methane Hydrates

(SP-5.1)
Hydrogen Hydrogen From Fission/Fusion Integration of Electricity and H, Transportation Sectors
(SP-5.2) Hydrogen From Fossil/Alternative Advanced Concepts in Hydrogen Storage

Hydrogen Storage & Use Hydrogen Co-Production and Integration with CO, Capture

Systems Technology Validation

Hydrogen Infrastructure/Safety
Renewable Wind Energy Biomass Genomics and Alternative Fuels, Materials, and Chemicals
Energy & Fuels Photovoltaics, Photoconversion Systems Approach to Waste Management, Including Waste-to-Energy
(SP-5.3) Solar, Concentrating Solar Fuels (Artificial Photosynthesis)

Bio-Fuels/Biomass

Advanced Solid-State Thermoelectrics
Wave Energy and Tidal Dams

Nuclear Fission
(SP-5.4)

Nuclear: Near-Term Deployment
Genlv
AFCI (GNEP)

Advanced Fuel Resources and Fuel Cycles for Fission (Including Thorium)
Nano-Engineered Materials and Heat Transfer Technology
Next-Generation Nuclear Reactors Including Dry Cycle Nuclear Plants
Long-Term Nuclear Computations

Fusion Energy
(SP-5.5)

Fusion Sciences
ITER

High-Voltage Power Electronics for Fusion Energy Systems

Advanced Sensors for Measurement of Plasma and Optical Parameters
Inertial Fusion Energy

High-Temperature Superconducting Magnets

Nano-Engineered Materials for Fusion Systems
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Technologl

CO, Capture, Store

Carbon
Capture

Geologic

Terrestrial

Ocean

MEAR-TERM

- CSLF and CSAP
= Past Combustian Capturs

= Pra-Cornbustion Technalogles
= Diy-Fusl Combustion

= Oy en Separation Tachnologles

+ Rasarvalr Charactarzaton

= Safaty, Health, and Ervironmental Risk
Azzaszmant

= Undaerstand Uindarg round GO Reactions
& Microblal Processes

» Enhiancad Hydrocarbon Recoivary
» Enhancad Coal-Bad Mathans

« Larpe-Sicals Damonstration

= 0 Transport Network Deslgn

= Reforestation
- Salls Consarvation
= Viagatation In Urtan Ssthings

= Effactive Cllution of Direct [nfected GO,

MID-TERM

- Capabilty to Capturs Mast ©0, Emissions
= Novel Captura Technologlas

- Low-Coet Coygan

- Bhmass Coupled with CCS

» GanigIc Storage Proven Sara
= Winll Baailing Tach nlquas Damanstrates
« Minsrallzation: Sold Carbomibes

+ Rallabis and Accurate invertary
Mantioring

= Wall-Eztablizhad GOy Transpart
Infrastructura

« S0l Uptaka & Land Lisa
» Intar-ralationship Among G, CHy & Nal
« Saquastration Daclsion Support Taok

+ ME M Tools toValldats Tarmestrial
Saduestration

+» Bio-Basad & Recyclkd Products

= 0cean GOy, Bldogical Impacts Addressed
+ Carbonate Dissolutian ¢ Alkalinity Addition

11 February 2007

LONG-TERM

« Nowal In-8ity G5 Canverslan
- Captura GOz Diracty from Atmcspheara

« Sutflclant G0 Storage Capacity
« Track Record of Successtul G Sorage
Exparianca

+ Biological Sequestration
« Langs-Seale Saquestratin

« Minimal Deforeetatian

« Carbon & G0 Based Products & Materials

« @l Lang-Tarm Ocaan
Storage
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Carbon Cag

Goal Sub-Area

Current Portfolio Strengths

Gaps & Opportunities

Carbon Capture
(SP-6.1)

Carbon Capture
CO, Separation

Advanced Materials for CO, Separations, Transport and Storage
Integrated Modeling Framework to Evaluate CCS Technologies
Technologies that Capture CO, Directly from Atmosphere
lonize CO, to Enable Separation via Electric Field

Oxygen Separation Technologies: Oxyfuels

Geologic Storage
(SP-6.2)

Knowledge Base for CO, Storage
Novel Sequestration Systems
Health, Safety & Environment
Regional Partnerships
International Partnerships

Understand CO, Movement in Hydrocarbon-Bearing Formations

Understand Underground CO, Geochemical and Microbial Processes

CO, Geologic Storage Engineering (Pore Size, Mineral Trapping, Leak Detection)
Large-Scale Demonstration of CO, Storage

Combine CO, Storage, In-Situ Refining, Gasification, Power Generation, etc

Terrestrial Land Management Systems Approach across Sectors and Gases (Energy Crops, Seq., Nitrogen)

Sequestration Biotechnology (Soil Carbon) Potential from Land-Use Mgt (e.g., Sustainable Forestry vs. Deforestation)

(SP-6.3) Improved M&M Optimize Biomass Genomics for Fuels, Materials, Chemicals, & CO, Storage
Vegetation in Urban Settings (Sequestration and Heat Island Effect)

Ocean None Basic Research in Ocean Chemistry and Bio-Cycles

Sequestration Ocean Acidification Issues

(SP-6.4) Ocean Direct Injection
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Technolog

Reduce Emissi

NEAR-TERM MID-TERM LONG-TERM
* Bloractor Landfil Technology « Advanced Landill Gas Utlizatin « Integrated Wasts Maragamant Systam
Meth * Mathane to Markets {8.4., Fual Calls, Microturtines), Covr, with Automated Sorting, Procassing &
ane = New Driling Tachniques Tor Recovary of and Collaction Technolog ks Racych
from Energy Goal bed Matians « Ventllation Alr Mathans Technology - Autometad Coal Mining to
& Wasta = Leak Dataction, Measuramant, and = Advancad End-Uss Technologles to Lse Ellrminata Mathans EmIssions
:ﬂgﬁ;&g""“ﬂﬂ'*mm" SNIUTL | pagthana at Ramots Wl Sttes = Smart Plpes and Safi-Rapalring Ppsines
+ Batlar Lindarstand Ralationshlp among
Methane & - Anaambi: Digestars that Produce Heat CHag, GO, Nz, Mg & C In Agricutture
"zu from And Elacincity = Goll MiEroblal Prcassas
Agﬂ -y Itl..ll'E = Pracislon Agricufiura = Prageripion Ralease of Nutriants and + Zam-Emk=ion Agricuttura
- Improved Livestock Production Eficlancy | Chambcals for Grops
- Ganatially Designad Forages and Bactara
T Improva Digestion EMElancy
""['Ijl"l';“rfn”nmmg mfﬂ%"nmuin"ﬂgg;% - Altamativa Raigeration Fiuids (Mon-GHE)
High GWP « Advancad Abelsment, Recovery, and = Substiutes for SFg In HIh-vollage * BOlK-Glate RATTErianAc ystams
Gases Riecycling Tachnoiagle ' Applications and Kagniesium Producton |« New Equipment and Pracess Deslons that
« Advanesd AIUTINUM Smafing Processes | * INAMLANODa 1o Elmirats PR Emissions In 40 not Require HIgh-GWF Gazes
10 Foduce Anods Effect Alrnnum Productian
w - Cattalytic: RAdUELkan of NyD In Nitre 0xkda | = Catalsts Trat Reduca Ngd 10 Ekmantal
.0 from Plants Nitrogen In Disal Englnes .
Combustion | *Beter Undarstand b0 Emissions from | = Understand Role of N Compounds from | * SEhaneed Vankcks and Hon-Garmon Bassd
Vahiclas Combustion wih Solks and Hyd
- Particukits Mattsr Control Tehnokgls
Ozone far Vahicks  Model Linkages Batwesn Alr Polutian and
- Raflactiva Roots 10 Reduca Heat climata Chiangs
Eimﬂrg‘:mﬂ & Iskang Efects - Jal Fual Addithes to Minimize Black
AacK Larbon | . gayer unaarstand Enacts of ozona Garban and Soot
Precurzors & Black Garbon
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Goal Sub-Area

Current Portfolio Strengths

Gaps & Opportunities

Methane
Emissions From
Energy & Waste

(SP- 7.1)

Landfill Gas Programs (EPA +)
Coal Mine/Bed Methane (EPA +)
Methane to Markets (EPA +)

Automated Mining Systems that Eliminate Methane Emissions

Tagging and Sorting Technologies to Convert Waste to Useful Products
Distributed Waste Management Systems: Waste to Fuels or Electricity
Improved Combustion in Natural Gas Flaring

Bioreactor Landfills Using Genetically Engineered Organisms
Self-Repairing, Leak-Free Gas Pipelines and LNG Conversion Systems

Methane and N,O
Emissions from
Agriculture

(SP- 7.2)

Advanced AG — N,O Reduction
Manure Management
Enteric Emissions Reductions

Precision Agriculture and Biosensors

Improved Understanding of Rumen Microbial Processes and Nutrient Needs
Improved Separation Processes and Stabilization & New Types of Digestors
Improved Understanding of Specific Soil Microbial Processes

Emissions of High
GWP Gases

(SP-7.3)

Substitutes for High GWP Gases
Substitutes for SF,
Refrigeration - HFC Reduction

Alternatives to SFg in HV Electric Transformers, Circuit Breakers, etc
Eliminate GHG-Emitting Working Fluids in Refrigeration and Air-Conditioning
Alternatives to SF; & PFCs in Chem. Vapor Deposition, Cleaning, Etching, etc
Alternative Cover Gases to Replace SF; for Magnesium Melt Protection

New Technologies & Controls to Reduce Aluminum Smelting PFC Emissions

N,O Emissions
from Combustion
& Industry

(SP- 7.4)

N,O Abatement — Nitric Acid
N,O Abatement — Transportation

Understanding of Formation and Life of Nitrous Oxides from Combustion
Advanced Catalytic Reduction of N,0 from Combustion Sources

Tropospheric
Ozone Precursors
& Black Carbon

(SP- 7.5)

Abatement — TOPs & BC

Analysis of Role of Black & Organic Carbon and Tropospheric Ozone Precursors
Retrofit Designs for NO, and Particulate Control for Diesel Engines

Reduce NO, Emissions from On-Road Heavy-Duty Diesel Engines

Jet Fuel Additives

Computational Models of Soot Formation
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Technologl

Measure and

HMEAR-TERM MID-TERM LONG-TERM
Energy « MEM Specifications and Performanca « Gnsor Nebworks
Production & Blandards  Ramots Sansing Protatype = Fully Oparational Sensor and Satallita
Efficiency « Low-Cost Bensors and Communkcaions | « Diract Measuramant to Repkcs Praxlas e R I kgt

Technologies

« Samplings, Invertories, & Estimates

+ A& M Bpeciiications and Parformanca
Standards

and Estireatas

Carbon « Low-Coet Sensors and Communkations | oo * Fully Oparational Sansar and Sataliia
Capture, ~ Samplings, Inventorlas, & Estimates « Ramate Sensing Pratolype Natworks that Faed the Intagrated
Storage, & « ADIIty 10 Assass the IMagrity of Geokgk: AT:MEcturs
Sequestration | FResenals
= Improvisd Leak Detaction Trom Capiure
and PIpslings
» M& M Spacificalions and Parformancs
mmﬂmm * Bansar Networks = Fully Oparational Sensor and Gataliit
Other GHGs « Ramiote Sansing Prototypa Natworks that Faad the Integrated
" Low-Goet Sansors amd Communications | ey e hniguas for Agncultural Sourcss | ATEacturs
- sampiings, Inventorlas, & Estimates i A
| od = |gantinication of Melrics, Gritarta, Bourcss, | * MO8l and Dta Bpeciicatibn
ntegrat and Requiramants tor Maasuramants = Largs Scal, Bacur Data Storage Bystam | « Fully operational IMagratad MM Bystams
M& ] Systems | . compranensive Viskon of Inagrated - Data VEuallzation Tooks Architectura (Bensors, Indicatars, Data
Architecture gystoms Architaciure and Tachnology « M&M Processss Incorporated Into Design | Visualization and tarage, Modals)
Neods of Climats Changa Technologles
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Measureme

Goal Sub-Area

Current Portfolio Strengths

Gaps & Opportunities

Energy
Production/

Efficiency
(SP-8.2)

M&M for Energy Efficiency

Protocols for Multiple Assessments of Performance of Energy End Uses
Improvements in Temporal and Spatial Resolution Measurements
Satellite-Based Sensors for Direct Measurement of CO, and Other Gases
Wireless Micro-Sensor Networks for Migration, Uptake, and Distribution of GHGs

CO, Capture &
Sequestration

(SP- 8.3.1)

M&M for Geologic Storage

Remote Subsurface/Near Surface CO, Monitoring
Improvements in Leak Detection from Separation and Capture and Pipeline Systems

Terrestrial
Sequestration

(SP- 8.3.2)

M&M for Terrestrial Seq.

Global Network Monitoring and Measurement of Terrestrial Carbon

Oceanic
Sequestration

(SP- 8.3.4)

None

Measurement and Tracking of Injected CO,

Other Gases
(SP-8.4)

M&M for Other Gases

Space-Based Technologies for Long-Term Monitoring of GHGs and Aerosols
N,O Measurement Techniques for Emerging Gasoline and Diesel Engines
Advanced, Real-Time Measurement for Fine Particulate Matter and Soot
Nanosensors for Pipeline Leak Detection

Integrated M&M
System
Architecture

(SP- 8.5)

M&M Observation System

Integrated M&M System Architecture

Wide Area Networks that Provide Robust (sensor to Sensor) Communications
Platforms for Spatial Scales and Measurement Layers (Ground, Air, & Space)
Rapid Prototyping and Benchmarking of Existing Integrated System Components
Integrated M&M Field Experiment
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Step 5 —
Prioritization & Budgeting



11 February 2007

Three Broad Portfol

1. The Whole of the Individual R&D Investments Should Constitute a Balanced and

Diversified Portfolio
— No Single Technology Will Likely Meet the Challenge Alone
— Investing in R&D in Advanced Technologies Involves Risk

— Diverse Array of Technology Options can Hedge Against Risk and Provide Flexibility in the Future

2. Ensure That Factors Affecting Market Acceptance are Addressed
— Each Technology Must be Integrated Within a Larger Technical System and Infrastructure
— Market Acceptance of Technologies is Influenced by a Myriad of Social and Economic Factors

— CCTP’s Portfolio Planning Process Must be:
* Informed by, and Benefit From, Private Sector and Other Non-federal Inputs,
« Examine the Lessons of Historical Analogues for Technology Acceptance, and

 Apply Them as a Means To Anticipate Issues and Inform R&D Planning

3. The Anticipated Timing Regarding the Commercial Readiness of the Advanced
Technology Options is Important

— Energy Infrastructure has a Long Lifetime — Change in Capital Stock Occurs Slowly

— Some Technologies May Need to be Available and Moving Into the Marketplace Decades Before Their
Maximum Market Penetration is Achieved
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Portfolio Planning a

Maximizing Expected Return on Investment
— Expected Contributions to the Attainment of Goals
— Cost-Effectiveness, Improved Productivity

Acknowledging the Proper and Distinct Roles for the Public and Private
Sectors

— Consideration of Time to Deployment
Focusing on Technology with Large-Scale Potential

— Every Technology Option has Limits

— Adaptable on a Global Scale and Result in Large Mitigation Contributions
Sequencing R&D Investments in a Logical, Developmental Order

— Times When Different Technologies Need to be Available and Cost-Effective
— Early Resolution of Critical Uncertainties

— Demonstrate Early Success or Feasibility if Needed for Other Technologies
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Priorities for FY 200t
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Efficiency

Vehicle Technology
Buildings
Industry

Supply

NP2010, GenlV, GNEP
Clean Coal and FutureGen
H, & Fuel Cells
Biomass/Biofuels

ITER

Solar

CO, CCS

CO, Capture and Sequestration
Terrestrial Sequestration

Other Gases

Methane to Markets (M2M)
USDA and EPA Programs
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FY 2008 Budget Reg
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~+-NP2010 + GenlV + GNEP
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Innovative Inter

GROUP ON
EARTH )
QBSERVA-NONB”

GEW {lnternational

-orum®

O v o e i G

Group on Earth Observations: 65 governments and 40+
organizations members; designing and implementing a new Global
Earth Observation System of Systems .

Carbon Sequestration Leadership Forum: 22 members; focused on
CO, capture & storage.

International Partnership for the Hydrogen Economy: 17
members; organizes, coordinates, and leverages hydrogen RD&D
programs.

Generation IV International Forum: 10 members:; devoted to R&D
on next generation of nuclear systems.

ITER: 7 members; project to develop fusion as a commercial energy
source.

Methane to Markets: 17 members; recovery and use of methane
from landfills, mines, oil & gas systems, and agriculture.

Asia-Pacific Partnership on Clean Development & Climate: 6
members; focuses on accelerating deployment of technologies to

address energy security, air pollution, and climate change.
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Conclusions

A Coherent Priority-Setting System Has Multiple Steps
Guided by L.T. Policy Goals & Creative Visioning

Scenarios Analysis is One Tool for:

— Informing Options, Scale, Timing, & Costs

— Motivating Investment in R&D

— Providing Feedbacks to Technology Goal-Setting
Must Be Complemented by:

— Portfolio Analysis, with Expert Input (S, W, G, and O)

— Portfolio Development Principles & Investment Criteria

High-Level Oversight
Independent R&D Evaluations & Feedback
Policies Promoting Int’| Cooperation & Deployment
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