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Energy Innovation is at the core of our national se curity, 
economic security and environmental security

Roughly ½ the oil consumed in the 
U.S. is imported

• The annual cost of imported oil is 
>$300 billion in current dollars

• Importing oil accounts for a third of 
the Nation’s trade deficit

• The true cost should also include the 
Federal spending devoted to ensuring 
a stable supply of imported oil
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2006
Rising Above the 
Gathering Storm 
(National Academies)

2007
America COMPETES Act

President Obama launches 
ARPA-E at National Academies 
on April 27, 2009

Innovation based on 
science and engineering 
will be primary driver of 
our future prosperity & 
security

2009
American Recovery 
and Reinvestment Act
($400M appropriated)

The Creation of ARPA-E

3

2011
FY2011 Budget
($180M appropriated)

2012
FY2012 Budget
($180M House Bill)
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Reduce Energy-
Related Emissions

Improve Energy 
Efficiency

Reduce Energy 
Imports

ARPA-E’s Mission and Means

To overcome the long-term and 
high-risk technological barriers 
in the development of energy 
technologies.

(A)identifying and promoting 
revolutionary advances in 
fundamental sciences; AND

(B)translating scientific 
discoveries and cutting-edge 
inventions into technological 
innovations; AND

(C)accelerating 
transformational technological 
advances in areas that industry 
by itself is not likely to 
undertake because of technical 
and financial uncertainty.
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ARPA-E seeks to identify and support technologies t hat will 
be both transformational and disruptive

New energy technologies matter only to 
the extent that they are: 

– Both transformational and disruptive

– Adopted and deployed by private industry 

– Meaningful way to consumers   

– Able to hit a key price tipping point

Benz Motorwagen (1885)

Ford Model T (1914)

Steam-powered Cugnot (1769)
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Transformational

Transformational and Disruptive
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Maturity

Tipping 
Point

Existing 
learning 
curve

New 
learning 
curve
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IMPACT

If successful, project could have:
• High impact on ARPA-E 

mission areas
• Large commercial application

BREAKTHROUGH TECHNOLOGY

Technologies that: 
• Do not exist in today’s energy 

market
• Are not just incremental 

improvements; could make today’s 
technologies obsolete

ADDITIONALITY

• Difficult to move forward 
without ARPA-E funding

• But able to attract cost share 
and follow-on funding

• Not already being researched 
or funded by others

PEOPLE

• Best-in-class people
• Teams with both scientists and 

engineers
• Brings new people, talent and skill 

sets to energy R&D

An ARPA-E Project has four main attributes
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ARPA-E’s program development process is extremely f ast
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From Program 
Conception to 

Execution in 6-8 
Months

From Program 
Conception to 

Execution in 6-8 
Months

Program Development Cycle
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Project Breakdown by Lead Organization Type 
(% based on award value)*

*Total Value of Awards = $357 million

To date ARPA-E has made 121 awards from the first s even 
FOAs to a wide variety of organizations

8

*Total Value of Awards = $366 million
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Energy 
Storage

Biomass 
EnergyFOA 1

6projects

5projects

5projects

VBR Power Systems

Carbon 
Capture

5projects

4projects

Solar Fuels

Vehicle 
Technologies

5projects

Renewable 
Power

3projects

Building Efficiency

2projects

Waste Heat 
Capture 1project

Water
1project

Conventional 
Energy

Projects from ARPA-E’s first broad solicitation fal l into ten 
energy technology areas:
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Low-contact drilling 
technology to enable 
economical geothermal wells
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Dr. Dave Danielson
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Scalable production of 
macroalgae as a 
feedstock for biobutanol
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End-Use Efficiency

ARPA-E currently has 11 focused programs plus a bro ad 
portfolio of projects from its first solicitation 

Transportation
Electrofuels BEEST BEETIT

Stationary Power
IMPACCT ADEPT GRIDS
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HEATS

• Absorption: 
than half of the incident light energy. Biological 
pigments that absorb more energy have been 
identified, but have not used in biofuel 
production.

• Optimization: 
biofuel is an agricultural crop. Rapid 
genetic selection can be used to 
accelerate the development of viable 
production strains.

PETRO

Solar ADEPT GENI REACT
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Strong motivation exists for reducing CO 2 emissions 
from coal
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Coal is abundant in the US.  While NGCC is cheaper, cleaner, and
more efficient; the variable cost of NG, and long lifetime of coal 

plants suggest that large-scale retirement of coal use is unlikely.
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Summary
IMPACCT
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Dr. Mark Hartney
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• ARPA-E is funding a variety 
of R&D projects with the 
intent of drastically reducing 
the cost of CCS

• Areas targeted for 
improvement

– Parasitic energy 
requirements

– Capital costs

– Integration challenges at 
existing plants

• Preliminary projections of 
energy savings show a 
potential to reduce capture 
costs to the range of $20 to 
$50/ ton of CO2 captured*

* More detailed modeling and successful R&D performance are still required for validation
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IMPACCT’s objective is to expand the early-stage 
pipeline of new carbon capture ideas
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Identifying new materials and processes to reduce 
the cost of CCS retrofits

16

Advanced materials

LBNL

Solid CO2 collection

New capture processes

ATK

• Focus on most-expensive part of CCS: capturing CO2

• High risk, high reward projects
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Example – Codexis’ Directed Evolution technology 
creates robust enzymes to accelerate CO 2 reactions

17

• Screening identifies new 
enzymes with beneficial 
mutations and without 
detrimental ones

• Validated by success in 
pharma and biofuels 
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A biocatalyst for 50% MDEA has already had 10 5

increase in thermostability
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• 4 Rounds of evolution on thousands of variants
• The half-life (24h) has increased by ~ 45°C

50°C, 70X

75°C (24h), 15X

53°C, 40X

65°C, 10X

Operating temperature over successive evolution rounds
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“Electrofuels”, a program area for mid-to-long term  
solutions to many current biofuel production ineffi ciencies    

Assimilate Reducing 
Equivalents: other than 
reduced carbon or products 
from Photosystems I & II (ex. 
direct current, H2, H2S, etc.)

Pathways for Carbon Fixation: 
reverse TCA, Calvin- Benson, 
Wood-Ljungdahl, 
Hydroxpropionate-
hydroxybutyrate, or newly 
designed biochemical pathways

Butanol Alkanes

Fuel synthesis: metabolic 
engineering to direct carbon flux 
to fuel products

Etc.

“Electrofuels” targets the first application 
of non-photosynthetic, autotrophic 
microorganisms for the production of 
infrastructure compatible biofuels.

13 projects, $45M ARPA-E, $56M Total

“Electrofuels” targets the first application 
of non-photosynthetic, autotrophic 
microorganisms for the production of 
infrastructure compatible biofuels.

13 projects, $45M ARPA-E, $56M Total
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Direct electron transfer: UMass will leverage the a bility of 
some microbes to make electrical contacts with elec trodes 

Title Electrofuels via Direct Electron Transfer from Elec trodes to Microbes

Team Lead
U. of Massachusetts; 
Amherst, MA

Project 
Budget

$4.1 Million POP
7/01/2010 -
7/01/2013 (36)

Geobacter 
metallireducens 
can form 
conductive biofilms 
on the surface of 
electrodes

Acetogenes such as 
Sporomusa ovata have 
demonstrated the ability to 
produce acetate directly 
from electrons with high 
coulombic efficiency 

Clostridium ljungdahlii will 
be engineered to produce 
butanol from electrcity

20
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NCSU & UGA seek to transfer novel CO 2 fixation enzymes to 
convert heterotrophs into autotrophs 

Title H2-Dependent Conversion of CO 2 to Liquid Electrofuels by Thermophilic Archaea

Team Lead
North Carolina State U.; 
Raleigh, NC

Project 
Budget

$3.3 Million POP
7/01/2010 -
6/23/2013 (36)

Leverage NADPH-dependent 
soluble hydrogenase activity from 
Pyrococcus furiosus

Incorporate novel 3-
hydroxypropionate/4-
hydroxybutyrate CO2 fixation cycle 
from Metallosphaera sedula
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Do batteries have the potential to rival the energy  density of 
gasoline powered vehicles on a system level?

Energy Density (Wh/kg)

50% reduction 
(include oxygen mass)

CELL

22
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Do batteries have the potential to rival the energy  density of 
gasoline powered vehicles on a system level?

Energy Density (Wh/kg)

SYSTEM - DELIVERED

150 kg engine vs 38 kg gasoline (25%)
30% efficiency

23
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The Semi Solid Flow Cell 
(SSFC):  Flow Batteries 
meet Solid Batteries
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20

4

6

8
100

2

4

Next Gen

BEEST 
TARGET
(EV Goal)

 ��	�

Dr. Dave Danielson

Redox Density (M) Voltage (V)

Aqueous Flow Battery ~ 2 ~1

50% Solids SSFC 10-25 ~3.5
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PolyPlus Battery Company (Berkeley, CA): $5.0M/2 ye ars
- The Holy Grail of Rechargeable Batteries -

Protected 
lithium 

electrode

250 mAh Rechargeable Li-Air 
Prototype at end of year 2

Project Targets: 600 Wh/kg,1000 Wh/l, 1000 cycles

+ improved air 
electrode technology

PolyPlus/
Corning

Li:   3,860 mAh/g
O2: 1,675 - 3,350 mAh/g
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End-Use Efficiency

ARPA-E has five focused programs currently in the F ull 
Application phase

Transportation
Electrofuels BEEST BEETIT

Stationary Power
IMPACCT ADEPT GRIDS

26

HEATS

• Absorption: 
than half of the incident light energy. Biological 
pigments that absorb more energy have been 
identified, but have not used in biofuel 
production.

• Optimization: 
biofuel is an agricultural crop. Rapid 
genetic selection can be used to 
accelerate the development of viable 
production strains.

PETRO

Solar ADEPT GENI REACT
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• Absorption: Ordinary photosynthesis uses less 
than half of the incident light energy. Biological 
pigments that absorb more energy have been 
identified, but have not used in biofuel 
production.

• Metabolism: Currently, biofuels are fermented 
from biologically created materials. The two 
biological processes are able to be combined 
into a single process to generate fuel directly.

• Optimization: A dedicated source of 
biofuel is an agricultural crop. Rapid 
genetic selection can be used to 
accelerate the development of viable 
production strains.

Plants Engineered To Replace Oil (PETRO) ~ $30M

PETRO aims to create plants that capture more energy from sunlight and 
convert that energy directly into fuels. ARPA-E seeks to fund technologies 
that optimize the biochemical processes of energy capture and conversion 
to develop robust, farm-ready 
crops that deliver more energy 
per acre with less processing 
prior to the pump.

27

Dr. Jonathan Burbaum



Advanced Research Projects Agency • Energy

Temperature

S
ca

le

> 800 oC~ 500 oC<100 oC

Increase in efficiency > 50% 
compared to current systems 
(T ~ 300- 400 oc)

Reduces primary 
consumption ~ 
25%

CHP systems in 
buildings

Increase EV range 
by ~ 40%

Synergy between Solar and High-
Temp Nuclear

PHEV & EV

High Energy Advanced Thermal Storage (HEATS) ~ $30M

More than 90% of energy technologies involve the transport and 
conversion of thermal energy. Therefore, advancements in thermal
energy storage – both hot and cold – would dramatically improve 
performance for a 
variety of critical 
energy applications. 
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Dr. Ravi Prasher
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5-6¢/kWh fully installed at the MW scale by 2020

Solar Agile Delivery of Electrical Power Technology  (Solar 
ADEPT) ~ $10M

SunShot leverages the unique strengths across DOE to reduce the total 
cost of utility-scale solar systems by 75 percent by 2017. If successful, 
this collaboration would deliver solar electricity at 6 cents/kWh -
competitive with electricity from 
fossil fuels. This would enable 
solar electricity to scale and make 
the U.S. competitive in solar 
technology. 
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Dr. Rajeev Ram
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Thank you

http://arpa-e.energy.gov/


