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NSF in the Federal ContextNSF in the Federal Context
DOEDOE is entrusted to contribute to the welfare of the nation 
by providing the scientific foundation, technology, policy 
and institutional leadership necessary to achieve efficiency 
in energy use, diversity in energy sources, a more 
productive and competitive economy, improved 
environmental quality, and a secure national defense.

DARPADARPA’’ss mission is to maintain the technological 
superiority of the U.S. military and prevent technological 
surprise from harming our national security by sponsoring 
revolutionary, high-payoff research that bridges the gap 
between fundamental discoveries and their military use.

Translated:
- milestones
- stage gates

NSF:NSF:
To promote the progress of science; to advance the 
national health, prosperity, and welfare; to secure the 
national defense; and for other purposes. . 

Translated:
- “Do I really 
have to submit a 
final report?”
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NSF Budget by Research Directorate 
Dollars in Millions

Directorate
FY 2007 

Actual
FY 2008

Estimate
FY 2009
Request

FY 2009 Request

Change over 
FY 2007 Actual

Change over 
FY 2008 Estimate

Amt % Amt %

BIO $608.54 $612.02 $675.06 $66.52 10.9 $63.04 10.3%

CISE 526.68 534.53 638.76 112.08 21.3 104.23 19.5

ENG (less SBIR/STTR) 521.33 527.50 632.33 111.00 21.3 104.83 19.9

SBIR/STTR 108.67 109.37 127.00 18.33 16.9 17.63 16.1

GEO 745.85 752.66 848.67 102.82 13.8 96.01 12.8

MPS 1,150.73 1,167.31 1,402.67 251.94 21.9 235.36 20.2

SBE 214.54 215.13 233.48 18.94 8.8 18.35 8.5

OCI 182.42 185.33 220.08 37.66 20.6 34.75 18.8

OISE 40.36 41.34 47.44 7.08 17.6 6.10 14.8

OPP 438.43 442.54 490.97 52.54 12.0 48.43 10.9

IA 219.45 232.27 276.00 56.55 25.8 43.73 18.8

U.S. Arctic Research 
Commission 1.45 1.47 1.53 0.08 5.5 0.06 4.1

Research & Related Activities $4,758.44 $4,821.47 $5,593.99 $835.55 17.6% $772.52 16.0%

MPS: 24% ENG: 13%
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National Science Foundation



Directorate for Biology

-- Much fundamental plant research Much fundamental plant research 
(feedstock production, sustainability)(feedstock production, sustainability)

-- iPlantiPlant CollaborativeCollaborative
-- Includes education and societal impact Includes education and societal impact 

effortsefforts



Plant Genome Research Program
Summary - Supports research on plant genomics and 

on accelerating the analysis of fundamental biological 
processes in plants.  Focuses on plants of economic 
importance and plant processes of potential 
economic value.

Example award: 0501720 “Genes Required to Make 
a Soybean Seed” (Robert Goldberg, UCLA, $11.9 
million).



Maize Genome Sequencing Project: 
An NSF/DOE/USDA Joint Program

Summary - Large-scale sequencing of the 
maize genome is being supported.

Funding – Approximately $30 million over 
3 years is being invested.  No longer 
receiving proposals.



“… a cyberinfrastructure 
collaborative for the 
plant sciences…”

NSF Funding:
$50 million





Long Term Ecological Research (LTER)

NSF Award LTER-0080382 (University of Minnesota)
$4,561,563

Science 314 :1598-1600 (2006)

“Carbon-Negative Biofuels from 
Low-Input High-Diversity 
Grassland Biomass”

David Tilman, Jason Hill, Clarence Lehman



MUSES Program 
(Materials Use: Science, Engineering, and Society)

SummarySummary -- MUSES funds research on MUSES funds research on 
understanding the supply, treatment, use, and understanding the supply, treatment, use, and 
reuse of resources provided by natural systems reuse of resources provided by natural systems 
as well as the environmental effects of as well as the environmental effects of 
introducing alternative materials or new introducing alternative materials or new 
processes.processes.

FundingFunding –– Total program about $4 to $6 million per Total program about $4 to $6 million per 
year (ran for 5 years).year (ran for 5 years).



MUSES Program
MUSES called for interdisciplinary proposals 

that covered both:
Technological issuesTechnological issues such as environmentally such as environmentally 

benign process redesign and manufacturing, benign process redesign and manufacturing, 
andand

Behavioral factorsBehavioral factors such as economic and other such as economic and other 
social forces that affect consumption and social forces that affect consumption and 
adoption of new technologies and materials.adoption of new technologies and materials.





MUSES: EXAMPLE GRANT #1

Award #0424700Award #0424700
“Biocomplexity in the Bioeconomy: the 
Natural and Industrial Ecology of Biobased 
Products”

$1.85 million over 5 years$1.85 million over 5 years
PI = Rob AnexPI = Rob Anex (Iowa State University, (Iowa State University, EngineeringEngineering))
CoCo--PI = Lee Lynd (Dartmouth, PI = Lee Lynd (Dartmouth, EngineeringEngineering))
CoCo--PI = Thomas Richard (Penn State, PI = Thomas Richard (Penn State, EngineeringEngineering))
CoCo--PI = Clare PI = Clare HinrichsHinrichs (Penn State, (Penn State, SociologySociology))
CoCo--PI = Suzie PI = Suzie GreenhalghGreenhalgh (World Resources Institute, (World Resources Institute, EconomicsEconomics) ) 



MUSES: EXAMPLE GRANT #2
Award #0524872Award #0524872

“Renewable Energy from Forest Resources: An 
Investigation into the Viability of Large-Scale 
Production of Sustainable Transportation Fuels 
from Lignocellulosic Biomass”

$1.7 million over 5 years$1.7 million over 5 years
PI = Ann MacleanPI = Ann Maclean (Michigan Tech.  Univ, (Michigan Tech.  Univ, Forest ResourcesForest Resources))
CoCo--PI = David PI = David FlaspohlerFlaspohler (MTU, (MTU, Forest ResourcesForest Resources) ) 
CoCo--PI = David Shonnard (MTU, PI = David Shonnard (MTU, Chemical EngineeringChemical Engineering))
CoCo--PI = Kathleen Halvorsen (MTU, PI = Kathleen Halvorsen (MTU, Social SciencesSocial Sciences))
CoCo--PI = Barry Solomon (MTU, PI = Barry Solomon (MTU, Social SciencesSocial Sciences))



MUSES: EXAMPLE GRANT #3
Award #0628084

“Materials Use, Infrastructural Change, and 
Environmental Impacts for Alternative Fuels 
and Vehicles”

$1.5 million over 5 years
PI = Lester Lave (Carnegie-Mellon Univ., Economics)
Co-PI = Chris Hendrickson (CMU, Civil & Environmental 

Engineering) 
Co-PI = H. Scott Matthews (CMU, Civil & Environmental 

Engineering)
Co-PI = Michael Griffin (CMU, Green Design Initiative)
Co-PI = Jeremy Michalek (CMU, Mechanical Engineering)



Metabolic Engineering
• Explicitly cited as an area for research support in the 

Biomass Research and Development Act of 2000 
(renewed in the Energy Policy Act of 2005).

• Sec. 307. Biomass Research and Development 
Initiative:

(d) Uses of Grants, Contracts, and Assistance
(2) research on technologies

(A) metabolic engineering of biological 
systems...to produce novel products, especially commodity 
products, or to increase product selectivity and tolerance, with a 
research priority for the development of biobased industrial products 
that can compete in cost and performance with fossil-based 
products.





Metabolic Engineering
Example grant: 0418157 “Genomic 

Approaches to Metabolic 
Engineering of Solventogenic 
Clostridia”

Terry Papoutsakis, Northwestern University
~$600K over 3 years

(Think: butanol as a biofuel)



IGERT
IGERT = Integrative Graduate Education 

and Research Traineeships
• Each grant about $2.5 - $3 million over 5 

years
• For each grant, most of the funds go to 

support a “cohort” of about 15 graduate 
students at an IGERT site

• Emphasizes interdisciplinary research and 
education

• About 150 IGERT sites across the country



IGERT: EXAMPLE GRANT #1
Award #0549399

“Sustainable Energy from 
Solar Hydrogen”

(hydrogen generated from sustainable solar- 
derived energy such as photovoltaics or 
biomass)

About $2.5 million over 5 years
Christiana Honsberg
University of Delaware



EHR: EXAMPLE GRANT
Award #06033308

“Biotechnology Curriculum 
Development and Dissemination”

$737,000 over 3 years
R. Klepper
University of Iowa



EPSCoR
(Experimental Program to Stimulate Competitive Research)

Example grant: 0554545 “Investing 
in Maine Research Infrastructure: 
Sustainable Forest Bioproducts”

-$6.9 million from NSF EPSCoR over 3 years, plus $3.45
million from the state of Maine. 

- Lead institution is the University of Maine, partnered with 
other educational, public, provate, and non-profit 
institutions.

-Includes wood chips to biofuels and bioproducts.



ENG IIP’s 
SBIR/STTR Program

Summary - Supports research at small businesses.  
From ENG/NSF, over $100 million per year.

Example grant : 0522310
“SBIR Phase II: Designer Cellulases for   
Biomass Conversion”
PI = William Coleman, Kairos Scientific, Inc.
$500,000 over 2 years).

NSF Program Contact – Kesh Narayanan



Biochemical and Biomass 
Engineering, and Biotechnology 

Example grant: 0328187 
“Functional and Structural 
Analysis of Algal Hydrogenase 
Combinatorial Mutants”
Dianne Ahmann
Colorado School of Mines (Golden, CO)
$246,020 over 3 years



Biochemical and Biomass 
Engineering, and Biotechnology 

(continued)

Example CAREER grant: 0645188 
“Understanding and Harnessing 
the Fermentative Metabolism of 
Glycerol in E. coli: A New Path to 
Biofuels and Biochemicals”

Ramon Gonzalez, Rice Univ.
$400,000 over 5 years



Catalysis and Biocatalysis
Summary - This program primarily supports 

fundamental and applied research, including, but not 
limited to, sustainability and green chemistry and 
utilization of biorenewable resources.

Example grant: 0456693 “Selective Production of 
Large Water Soluble Organics from Biomass” 
(James Dumesic, U. of Wisc.-Madison, $296,695 over 
3 years.

Funding – Approximately $6 million per year for all 
subjects.

Program contact – John Regalbuto
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Virent Energy Systems Overview

Founded in 2002 by Dr. 
Randy Cortright and 
Professor Jim Dumesic 
from the Department of 
Chemical Engineering of 
the University of 
Wisconsin





Roadmap for Hydrocarbon ProductionRoadmap for Hydrocarbon Production

2007 NSF/ENG and DOE/EERE Cosponsored 2007 NSF/ENG and DOE/EERE Cosponsored 
Workshop in June, 2007Workshop in June, 2007

Final Report Released April 1, 2008Final Report Released April 1, 2008
–– www.ecs.umass.edu/biofuels/roadmap.htmwww.ecs.umass.edu/biofuels/roadmap.htm

Input for Interagency Working Group on Input for Interagency Working Group on 
Biomass ConversionBiomass Conversion

http://www.ecs.umass.edu/biofuels/roadmap.htm


NSF Involvement TimelineNSF Involvement Timeline
•• C2B workshop (NSF/DOE), summer 2007C2B workshop (NSF/DOE), summer 2007
•• Dr. Dr. BementBement suggests BCIWG, fall 2007suggests BCIWG, fall 2007

–– NSF involvement in most NSF involvement in most WGsWGs

•• Congressional R&D Caucus, Oct. 4, 2007Congressional R&D Caucus, Oct. 4, 2007
–– ““Green Gasoline:  An Alternative Alternate FuelGreen Gasoline:  An Alternative Alternate Fuel””

•• NAP rewritten to include lignocellulosic hydrocarbon NAP rewritten to include lignocellulosic hydrocarbon 
biofuels, winter 2008biofuels, winter 2008

•• BCIWG completes Federal Research Inventory, May 2008BCIWG completes Federal Research Inventory, May 2008
•• Congressional Briefing, Sept. 24, 2008Congressional Briefing, Sept. 24, 2008

–– ““Green Gasoline:  A Renewable Petroleum Alternative from PlantsGreen Gasoline:  A Renewable Petroleum Alternative from Plants””

•• BCIWG to complete 10 Year R&D Plan, Dec. 2008BCIWG to complete 10 Year R&D Plan, Dec. 2008
•• HyBiHyBi EFRI at NSF/ENG, FY 2009EFRI at NSF/ENG, FY 2009
•• Programs at other agenciesPrograms at other agencies



NSF Involvement in BiofuelsNSF Involvement in Biofuels

→B. Hamilton, A. Russell (BIO)
→B. Hamilton
→B. Schultz
→J. Regalbuto (Chair)

→P. Bishop

NSF ENG Program
Directors WG members:



NSF Involvement TimelineNSF Involvement Timeline
•• C2B workshop (NSF/DOE), summer 2007C2B workshop (NSF/DOE), summer 2007
•• Dr. Dr. BementBement suggests BCIWG, fall 2007suggests BCIWG, fall 2007

–– NSF involvement in most NSF involvement in most WGsWGs

•• Congressional R&D Caucus, Oct. 4, 2007Congressional R&D Caucus, Oct. 4, 2007
–– ““Green Gasoline:  An Alternative Alternate FuelGreen Gasoline:  An Alternative Alternate Fuel””

•• NAP rewritten to include lignocellulosic hydrocarbon NAP rewritten to include lignocellulosic hydrocarbon 
biofuels, winter 2008biofuels, winter 2008

•• BCIWG completes Federal Research Inventory, May 2008BCIWG completes Federal Research Inventory, May 2008
•• Congressional Briefing, Sept. 24, 2008Congressional Briefing, Sept. 24, 2008

–– ““Green Gasoline:  A Renewable Petroleum Alternative from PlantsGreen Gasoline:  A Renewable Petroleum Alternative from Plants””

•• BCIWG to complete 10 Year R&D Plan, Dec. 2008BCIWG to complete 10 Year R&D Plan, Dec. 2008
•• HyBiHyBi EFRI at NSF/ENG, FY 2009EFRI at NSF/ENG, FY 2009
•• Programs at other agenciesPrograms at other agencies



Biofuels 101:  
Routes to Biofuels 

John R. Regalbuto 
Catalysis and Biocatalysis Program 

National Science Foundation 

Congressional Briefing 
Sept. 24, 2008





ENG EEC’s  ERC Program
Summary -The goal is to create a culture of innovation in engineering research 

and education that links scientific discovery to technological innovation through 
transformational engineered systems research in order to advance technology 
and produce engineering graduates who will be creative innovators in a global 
economy. 

Example grant in ERE area: 0813570

“ERC for Biorenewable Chemicals”

PI = Brent Shanks, ISU
Potentially $30-40 million over 10 years

NSF Program Leader – Lynn Preston



SummarySummary
• Many longstanding programs with fundamental 

research relative to biofuels
– Plant Genomics, Metabolic Engineering (interagency)
– MUSES:  science and society
– IGERT, EHR:  education

• Unquotable budget estimates:

• Recent Developments at NSF in Biofuels
– Active NSF Participation in the BRDI Board
– Emerging Frontiers in Research and Innovation topic

• Hydrocarbons from Biomass (HyBi)
– Engineering Research Center

• Center for BioRenewable Chemicals (CBiRC)
– Helping to push the “green gasoline” paradigm



Biofuel Production AlternativesBiofuel Production Alternatives
gasification to “syngas” (CO + H2 )

pyrolysis, fast or slow
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http://images.google.com/imgres?imgurl=http://www.peoriagardens.com/images/vegherb/CornBodacious.jpg&imgrefurl=http://www.peoriagardens.com/vegetables.html&h=300&w=300&sz=16&hl=en&start=33&tbnid=bXYorfnBNX2IZM:&tbnh=116&tbnw=116&prev=
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http://images.google.com/imgres?imgurl=http://www.sintef.no/upload/Energiforskning/Bilder/Kompetanse/Biomasse.jpg&imgrefurl=http://www.sintef.no/content/page1____3353.aspx&h=242&w=375&sz=50&hl=en&start=8&tbnid=c7VS-rVQAFWVSM:&tbnh=79&tbnw=122&prev=
http://images.google.com/imgres?imgurl=http://www.greenhouse.gov.au/media/pictorial/images/sugarcane.jpg&imgrefurl=http://www.greenhouse.gov.au/media/pictorial/index.html&h=771&w=1181&sz=1332&hl=en&start=9&tbnid=mR6kWoocFn-gJM:&tbnh=98&tbnw=150&prev=


Gasoline from Cellulose 
by Catalytic Fast 
Pyrolysis in a Single 
Reactor

Cellulose

Glucose in ZSM-5
Pyrolysis to
Sugars,
Adsorption into
catalyst Gasoline,

CO2 , Water

Catalytic
Conversion
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