ADEPT

EFFICIENT POWER CONVERSION
PROJECTS:

14

FUNDING YEAR:

2010

TOTAL INVESTMENT:

$34.5 million

PROGRAM DIRECTOR:

Dr. Rajeev Ram

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/ADEPT.aspx

PROGRAM
In today’s increasingly electrified world, power conversion—the process of converting electricity between different currents,
voltage levels, and frequencies—forms a vital link between the electronic devices we use every day and the sources of power
required to run them. The 14 projects that make up ARPA-E’s ADEPT program, short for “Agile Delivery of Electrical Power
Technology,” are paving the way for more energy efficient power conversion and advancing the basic building blocks of power
conversion: circuits, transistors, inductors, transformers, and capacitors.

INNOVATION NEED
Around 30% of the electricity used in the U.S. today flows through power
converters, and a significant amount of energy is lost when that electricity is
modified to a different current or voltage. That’s because most power
converters are based on decades-old technology and rely on expensive, bulky,
and failure-prone components. The U.S. Department of Energy estimates that
in 20 years 80% of the electricity used in the U.S. will flow through power
converters, so there is a critical need to improve their efficiency.

ADEPT PROGRAM GOALS
Improve the energy efficiency of
electronic devices and power systems
Contribute to the development of a
smart grid

Power converter technology is fairly straightforward. All electronic devices are
built to operate with a certain type and amount of electrical energy, but this is often not the same type or amount of electrical
energy that comes out of the outlet in your wall. For example, most power lines deliver high-voltage alternating current to homes
and businesses, but some computers require low-voltage direct current to operate. Converters in the computer modify the
electrical energy to the correct voltage and current. Power stations also use power converters on a larger scale to modify
electrical energy so it can be efficiently transmitted over power lines and into homes and buildings.

POTENTIAL IMPACT
If successful, the innovations developed under the ADEPT program would increase energy efficiency, improve the performance
of electrical devices, and accelerate growth of the smart grid, the term used to describe the advanced electrical infrastructure
that will replace today’s outdated electrical grid.
SECURITY: ADEPT program innovations could contribute to a smarter, more advanced, and more reliable electrical power grid.
ENVIRONMENT: More efficient electrical devices could reduce U.S. electricity consumption by up to 30%, and in turn reduce the
harmful emissions created by power plants.

ECONOMY: ADEPT program innovations could help establish U.S. businesses as technical leaders in power electronics, and
bring lower power bills and less expensive electronics to American consumers.

JOBS: The success of ADEPT projects could create high-skill, high-paying jobs in fields like engineering, research, and
manufacturing.

TEXT UPDATED: 2/16/2012

BEEST

ELECTRIC VEHICLE BATTERIES
PROJECTS:

10

FUNDING YEAR:

2010

TOTAL INVESTMENT:

$36.3 million

PROGRAM DIRECTOR:

Multiple

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/BEEST.aspx

PROGRAM
The U.S. spends nearly a $1 billion per day to import petroleum, but we need dramatically better batteries for electric and plug-in
hybrid vehicles (EV/PHEV) to truly compete with gasoline-powered cars. The 10 projects in ARPA-E’s BEEST program, short for
“Batteries for Electrical Energy Storage in Transportation,” could make that happen by developing a variety of rechargeable
battery technologies that would enable EV/PHEVs to meet or beat the price and performance of gasoline-powered cars, and
enable mass production of electric vehicles that people will be excited to drive.

INNOVATION NEED
Most of today’s EV/PHEVs store electrical energy in lithium-ion batteries—the
same general battery type used in cell phones and laptop computers. To offer
performance comparable to gasoline-powered cars, EV/PHEVs must be able
to deliver the kind of power that will make electric cars fast, responsive, and
exciting to drive. They also must be able to travel at least 300 miles on a single
charge—the approximate driving range per tank of gas— for a comparable
cost. This would require batteries with double the energy density and one-third
the cost of today’s state-of-the-art lithium-ion battery packs.

BEEST BATTERY GOALS
Cost-competitive with traditional cars
30% of today’s cost at 2-5x energy
storage
300-500% longer battery life + range

All batteries have positive and negative electrodes and an electrolyte. In a battery, metal ions move between the electrodes
through the electrolyte in order to store energy. To realize ARPA-E goals, ARPA-E funding recipients will need to reevaluate
each part of the battery’s composition, as well as the materials these components are made of. By using this ground-up
approach, we can improve storage capacity, size and weight, stability, rechargability, and cost. BEEST projects are exploring a
variety of potential solutions including radical improvement of today’s lithium-ion technologies, designs using other metals such
as magnesium, sodium and zinc, and new ways of using lithium in lithium-sulfur and lithium-air batteries.

POTENTIAL IMPACT
If successful, BEEST battery technologies would give EV/PHEVs the driving range, performance, lifetime, and cost required for
mass adoption, which would shift transportation energy from oil to the domestically powered U.S. electric grid.
SECURITY: Greater use of EVs would decrease U.S. dependence on foreign oil—the transportation sector is the dominant source of
this dependence. Each day, the U.S. spends nearly $1 billion on foreign oil to power its cars, trucks and planes.

ENVIRONMENT: The transportation sector accounts for roughly 28% of U.S. greenhouse gas emissions. Batteries that allow these
vehicles to be powered by the electric grid instead of petroleum could create significant reductions in greenhouse gas emissions.

ECONOMY: BEEST batteries could allow EVs and PHEVs to travel 300- 500 miles on a single charge, for less than $10 on
average.

JOBS: The BEEST program would help position the U.S. as a leader in rechargeable battery manufacturing. Currently, the U.S.
manufactures only a small percentage of all rechargeable batteries, despite inventing the majority of battery technologies

TEXT UPDATED: 2/16/2012

BEETIT

BUILDING COOLING AND AIR CONDITIONING
PROJECTS:

14

FUNDING YEAR:

2010

TOTAL INVESTMENT:

$30.3M

PROGRAM DIRECTOR:

Dr. Ravi Prasher

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/BEETIT.aspx

PROGRAM
The 14 projects that comprise ARPA-E’s BEETIT program, short for “Building Energy Efficiency Through Innovative
Thermodevices,” are developing new approaches and technologies for building cooling equipment and air conditioners. These
projects aim to drastically improve building energy efficiency and reduce greenhouse gas emissions such as carbon dioxide
(CO2) at a cost comparable to current technologies.

INNOVATION NEED
The demand for air conditioning in homes and work spaces is increasing. New
and more efficient cooling methods are needed to reduce building energy
consumption and environmental impact. Residential and commercial buildings
currently account for 72% of the nation’s electricity use and 40% of our CO2
emissions each year, 5% of which comes directly from space cooling and/or air
conditioning.

BEETIT GOALS
Improve energy efficiency of HVAC
systems by at least 50%
Decrease greenhouse gas emissions
Achieve cost-competitiveness with
conventional systems

In addition, the refrigerants used in air conditioners and space cooling are
potent greenhouse gases (GHGs) that may contribute to global climate
change. These refrigerants can trap 1,000 times more heat in the atmosphere than CO2 alone. Because the overwhelming
majority of air conditioning and cooling systems run on electricity, and most U.S. electricity comes from coal-fired power plants
which produce CO2, there is a pressing need to support improvements that increase the efficiency of these technologies and
reduce the use of GHG refrigerants in the decades to come.

POTENTIAL IMPACT
If successful, the acceleration of the research and development of energy efficient cooling technologies provides a tremendous
opportunity to reduce energy demand from buildings and reduce GHG emissions.
SECURITY: Increased energy efficiency would decrease U.S. energy demand and reduce reliance on fossil fuels—strengthening
America’s energy security.

ENVIRONMENT: Refrigerants with polluting emissions could account for up to 10-20% of global warming by the year 2050.
Several BEETIT technologies are focused on eliminating the use of these refrigerants.

ECONOMY: Widespread adoption of BEETIT technologies could reduce the energy consumption for air conditioning of
buildings—providing consumers with cost savings on energy bills.

JOBS: As new technologies develop, there will be new job opportunities in the design, installation, testing, and maintenance of
efficient heating and cooling systems.

TEXT UPDATED: 2/16/2012

ELECTROFUELS

VERSATILE TRANSPORTATION ENERGY SOLUTIONS
PROJECTS:

13

FUNDING YEAR:

2010

TOTAL INVESTMENT:

$44.5 million

PROGRAM DIRECTOR:

Dr. Eric Toone

PROJECT DETAILS:

arpa-e.energy.gov/ProgramsProjects/Electrofuels.aspx

PROGRAM
ARPA-E’s Electrofuels program is using microorganisms to create liquid transportation fuels in a new and different way that
could be up to 10 times more energy efficient than current biofuel production methods. ARPA-E is the only U.S. government
agency currently funding research on Electrofuels.

INNOVATION NEED
The U.S. consumes nearly 20 million barrels of oil each day, and nearly half of that
oil is imported. Domestic biofuels are one way to reduce our dependence on
imported oil and increase our nation’s energy security.
Most biofuels are produced from plant material that is created through
photosynthesis, a process that converts solar energy into stored chemical energy
in plants. However, photosynthesis is an inefficient process, and the energy stored
in plant material requires significant processing to produce biofuels. Current biofuel
production methods are also intensive and require additional resources, such as
water, fertilizer, and large areas of land to grow crops.
Electrofuels bypass photosynthesis altogether by utilizing microorganisms that are
self-reliant and don’t need solar energy to grow or produce biofuels. These
microorganisms can directly use energy from electricity and chemical compounds like hydrogen to produce liquid fuels from
carbon dioxide (CO2). Because these microorganisms can directly use these energy sources, the overall efficiency of the fuelcreation process is higher than current biofuel production methods that rely on the more passive photosynthesis process.
Scientists can also genetically modify the microorganisms to further improve the efficiency of energy conversion to liquid fuels.
And, because Electrofuels don’t use photosynthesis, they don’t require the prime agricultural land or water resources of current
biofuels.

POTENTIAL IMPACT
If successful, ARPA-E’s Electrofuels program would create liquid transportation fuels that are cost competitive with traditional
gasoline-based fuels and10 times more efficient than existing biofuels.
SECURITY: Cost-competitive Electrofuels would help reduce U.S. dependence on imported oil and increase the nation’s energy
security.

ENVIRONMENT: Widespread use of Electrofuels would help limit greenhouse gas emissions and reduce demands for land, water,
and fertilizer traditionally required to produce biofuels.

ECONOMY: A domestic Electrofuels industry could contribute tens of billions of dollars to the nation’s economy. Widespread use of
Electrofuels could also help stabilize gasoline prices—saving drivers money at the pump.

JOBS: Electrofuels could create jobs in fuel production, distribution, and sales.

TEXT UPDATED: 2/16/2012

FIRST OPEN SOLICITATION
TRANSFORMATIONAL ENERGY TECHNOLOGIES
PROJECTS:

37

FUNDING YEAR:

2009, 2010

TOTAL INVESTMENT:

$158.4 million

PROGRAM DIRECTOR:

Multiple

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/OtherProjects.aspx

PROGRAM
In 2009, ARPA-E issued an open call for the most revolutionary energy technologies to form the agency’s inaugural program.
The first open solicitation was open to ideas from all energy areas and focused on funding projects already equipped with str ong
research and development plans for their potentially high-impact technologies. The 37 projects chosen received a level of
financial support that could accelerate technical progress and catalyze additional investment from the private sector. After only 2
months, ARPA-E’s investment in these projects catalyzed an additional $33 million in investments.
In response to ARPA-E’s first open solicitation, more than 3,700 concept papers flooded into the new agency, which were
thoroughly reviewed by a team of 500 scientists and engineers in just 6 months. In the end, 37 projects were selected as ARPAE’s first award recipients, receiving $158 million in federal funding.

INNOVATION NEED
ARPA-E is the first government agency focused exclusively on funding high-risk, high-reward energy technologies. It selects all
projects based on their impact on the agency’s mission to reduce U.S. dependence on foreign energy imports, cut energy related greenhouse gas emissions, improve energy efficiency across all sectors of the U.S. eco nomy, and maintain U.S.
leadership in developing and deploying advanced energy technologies.
The projects chosen for ARPA-E’s inaugural program were eventually grouped into 10 diverse technology areas: biomass
energy, building efficiency, carbon capture, conventional energy, direct solar fuels, energy storage, renewable power, vehicle
technologies, waste-heat capture, and water. Many of ARPA-E’s first projects helped shape future agency programs dedicated
to these technology areas.

POTENTIAL IMPACT
If successful, the game-changing projects from the first open solicitation would help ARPA-E achieve its mission and ensure the
U.S. maintains a technological lead in developing and deploying advanced energy technologies.
SECURITY: Increased access to and use of domestically produced renewable energy would help reduce U.S. dependence on foreign
oil and increase our nation’s energy security.
ENVIRONMENT: Developing new and renewable sources of energy would reduce our reliance on fossil fuels that create harmful
greenhouse gas emissions and contribute to global warming.
ECONOMY: Cheaper sources of energy would help the millions of American consumers and small business owners who can’t
afford the energy they need to live and work.
JOBS: Positioning the U.S. as a global leader in advanced energy technologies could create thousands of jobs for American workers
in industries like engineering, manufacturing, and construction.

TEXT UPDATED: 2/16/2012

GENI

GRID HARDWARE & SOFTWARE
PROJECTS:

15

FUNDING YEAR:

2011

TOTAL INVESTMENT:

$39.4 million

PROGRAM DIRECTOR:

Dr. Rajeev Ram

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/GENI.aspx

PROGRAM
The 15 projects in ARPA-E’s GENI program, short for “Green Electricity Network Integration,” aim to modernize the way
electricity is transmitted in the U.S. through advances in hardware and software for the electric grid. These advances will
improve the efficiency and reliability of electricity transmission, increase the amount of renewable energy the grid can utilize, and
provide energy suppliers and consumers with greater control over their power flows in order to better manage peak power
demand and cost.

INNOVATION NEED
The aging U.S. electric grid is comprised of over 300,000 miles of electric
transmission lines that take electricity from power plants to transformers
and finally, into homes and businesses. Over 30% of the grid’s
transmission lines, transformers, and other hardware are approaching or
past the end of their life cycle. Around 10% of the electricity produced in
U.S. power plants never reaches potential users because it’s lost during
transmission, and power outages and blackouts throughout the grid cost
businesses and consumers almost $80 billion dollars a year.

GENI GOALS
Stronger and more reliable electric grid
Flexibility to dispatch power in real-time
Enable 10x more renewable energy

Historically, the electric grid was designed to be a passive, one-directional system—much like the aqueducts built by the
Romans, which could transport water anywhere, as long as it went downhill. To improve the grid’s reliability and turn intermittent
power sources like solar and wind into major contributors to the U.S. energy mix, we have to think about the grid differently and
design it to be smarter and more flexible. GENI projects are focused on advances in both grid hardware and software that will
help modernize the existing grid—making it smarter, more secure, and more reliable. GENI hardware advancements, such as
power flow controllers made of advanced materials, would more efficiently direct the flow of power on the grid, help stem energy
losses, and enable the grid to be more responsive and resilient. GENI software technologies would leverage advancements in
computing and data communications to optimize grid operations, match power delivery to real-time demand, and find effective
ways to manage sporadically available renewable power sources and grid-level power storage.

POTENTIAL IMPACT
If successful, GENI projects would significantly improve the efficiency, security, and reliability of the U.S. electric grid.
SECURITY: A more efficient and reliable grid would be more resilient to potential disruptions from failure or attack.
ENVIRONMENT: A smarter grid could enable the integration of10x more wind and solar power—substantially reducing carbon
dioxide (CO2) emissions in the U.S., 40% of which are produced by electricity generation.

ECONOMY: A more efficient and reliable grid would help protect U.S. businesses from costly power outages and brownouts that
stop automated equipment, bring down servers, and crash computers.

JOBS: Advances in grid hardware and software could result in new high-paying jobs in industries like engineering and information
technology.

TEXT UPDATED: 2/16/2012

GRIDS

GRID-SCALE RENEWABLE ENERGY STORAGE
PROJECTS:

12

FUNDING YEAR:

2010

TOTAL INVESTMENT:

$27.7 million

PROGRAM DIRECTOR:

Dr. Mark Johnson

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/GRIDS.aspx

PROGRAM
The 12 projects that comprise ARPA-E’s GRIDS program, short for “Grid-Scale Rampable Intermittent Dispatchable Storage,”
are developing storage technologies that can store renewable energy for use at any location on the grid at an investment cost
less than $100 per kilowatt hour. Flexible, large-scale storage would create a stronger and more robust electric grid by enabling
renewables to contribute to reliable power generation.

INNOVATION NEED
Our national electric grid is not always well-equipped to handle energy from
renewable sources. Today’s network, which delivers electricity from suppliers
to consumers, is dependent on fossil fuels, with over 70% of electricity
generation coming from coal or natural gas. The grid has limited ability to store
excess energy, so electricity must constantly be generated to perfectly match
demand. Though wind and solar power are promising clean alternatives to
fossil fuels, their natural unpredictability and intermittency present major
challenges to delivery of the consistent power that is necessary to operate
today’s grid.

GRIDS PROGRAM GOALS
Connect renewable sources to the grid
Efficiently store and send electricity
anywhere in the U.S.
Strong, efficient and robust electric grid

The energy storage facilities that exist today use pumped hydropower, which is only available in a handful of locations. New,
more flexible, large-scale energy storage technologies would allow energy to be efficiently stored and sent to any location in the
country. This ability to reliably store and utilize energy will enable the widespread use of renewable alternatives to fossil fuels.
Cost-effective grid-scale energy storage is critical for increasing the use of renewable alternatives and reducing greenhouse gas
emissions from the electric energy sector.

POTENTIAL IMPACT
If successful, the development of advanced energy storage technologies would store vast amounts of electric energy at low cost,
which would enable widespread use of wind and solar energy to power the grid. Investing in these technologies will position t he
U.S. as the leader in the emerging global market for energy storage infrastructure.
SECURITY: A more efficient and reliable grid would be more resilient to potential disruptions.
ENVIRONMENT: Electricity generation accounts for over 40% of U.S. carbon dioxide (CO 2) emissions. Enabling large-scale
contributions of wind and solar power for our electricity generation would result in a substantial decrease in CO 2 emissions.
ECONOMY: Increases in the availability of wind and solar power would reduce fossil fuel demand, resulting in reduced fuel prices
and more stable electricity rates.
JOBS: Advances in energy storage would result in new high-paying jobs in supporting sectors such as manufacturing, engineering,
construction, transportation, and finance.

TEXT UPDATED: 2/16/2012

HEATS

THERMAL ENERGY STORAGE
PROJECTS:

15

FUNDING YEAR:

2011

TOTAL INVESTMENT:

$37.3 million

PROGRAM DIRECTOR:

Dr. Ravi Prasher

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/HEATS.aspx

PROGRAM
The 15 projects that make up ARPA-E’s HEATS program, short for “High Energy Advanced Thermal Storage,” seek to develop
revolutionary, cost-effective ways to store thermal energy. HEATS focuses on 3 specific areas: 1) developing high-temperature
solar thermal energy storage capable of cost-effectively delivering electricity around the clock and thermal energy storage for
nuclear power plants capable of cost-effectively meeting peak demand, 2) creating synthetic fuel efficiently from sunlight by
converting sunlight into heat, and 3) using thermal energy storage to improve the driving range of electric vehicles (EVs) and
also enable thermal management of internal combustion engine vehicles.

INNOVATION NEED

HEATS PROGRAM GOALS

Thermal energy—or heat energy —is involved in over 90% of all energy
Enable non-intermittent solar power
technologies. There is a critical need to find efficient, cost-effective ways to
plants and peak-power nuclear power
store it. Many HEATS projects are focused on finding ways to efficiently and
plants
cost-effectively store solar thermal energy so that solar power plants can
Create transportable fuels from sunlight
generate electricity 24 hours a day instead of just when the sun’s out—
Modular thermal energy storage for EVs
significantly improving the plant’s capacity and dramatically increasing its
ability to power more homes and businesses. HEATS projects are also
focused on finding cost-effective and efficient ways to store nuclear energy so
that emissions-free nuclear power plants can deliver on-demand peak power. This is important because today nuclear energy is
only used for baseload power generation and can’t ramp up to meet peak-power demand. Other HEATS projects are finding
ways to use thermal energy to produce synthetic fuel from sunlight, and several HEATS projects are focused on modular
thermal energy storage advancements that could provide heating and cooling to the passenger cabin in an electric vehicle (EV)
without draining the electric batteries—helping the vehicle travel farther.

POTENTIAL IMPACT
If successful, HEATS projects would advance thermal energy storage technologies and find ways for solar power plants to
generate electricity 24 hours a day, for nuclear power plants to contribute to meet peak demand, for vehicles to operate on
synthetic fuel derived from the sun’s heat, and for EVs with improved HVAC systems to travel farther.
SECURITY: Cost-effective thermal energy storage would enable increased use of domestic solar and nuclear energy resource, and
increased use of thermal fuels and EVs would reduce U.S. reliance on fossil fuels— strengthening the nation’s energy security.
ENVIRONMENT: Thermal energy power generation could help decrease fossil-fuel-based electricity use and harmful emissions
from coal-burning power plants. Widespread use of EVs would also help reduce harmful emissions from the transportation sector.
ECONOMY: Thermal energy storage systems could make it less expensive to generate power from nuclear and renewable solar
energy, which in turn could help stabilize electricity rates for consumers. Advancements in thermal fuels and EVs could spur
economic growth in those industries.
JOBS: Widespread use of advanced energy storage technologies, thermal fuels, and EVs could create jobs in engineering,
manufacturing, and construction for American workers.

TEXT UPDATED: 2/16/2012

IMPACCT

CARBON CAPTURE TECHNOLOGY
PROJECTS:

15

FUNDING YEAR:

2010

TOTAL INVESTMENT:

$33.7 million

PROGRAM DIRECTOR:

Dr. Karma Sawyer

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/IMPACCT.aspx

PROGRAM
IMPACCT’s 15 projects seek to develop technologies for existing coal-fired power plants that will lower the cost of carbon
capture. Short for “Innovative Materials and Processes for Advanced Carbon Capture Technologies,” the IMPACCT program is
geared toward minimizing the cost of removing carbon dioxide (CO2) from coal-fired power plant exhaust by developing
materials and processes that have never before been considered for this application. Retrofitting coal -fired power plants to
capture the CO2 they produce would enable greenhouse gas reductions without forcing these plants to close, shifting away from
the inexpensive and abundant U.S. coal supply.

INNOVATION NEED
Coal-fired power plants provide nearly 50% of all electricity in the U.S.
Without implementing carbon capture technology, the projected increase in
CO2 in the atmosphere could have serious consequences for the Earth’s
ecosystem. Developing new materials and processes to capture CO 2
released by coal-fired power plants would minimize harm to the environment
while maintaining our ability to utilize coal—a cheap, abundant, and domestic
natural resource that holds a significant place in our national energy portfolio.

IMPACCT PROGRAM GOALS
Capture up to 90% of CO 2 at
significantly lower cost
Increase implementation of carbon
capture technology

Numerous challenges remain surrounding carbon capture technology despite the past decade of intensive research and
development. Chief among these challenges is the unacceptably high cost of capture. Creating new materials developed
specifically for capturing CO 2 while developing more cost-effective and energy-efficient processes would enable widespread
implementation of carbon capture systems, improve our environment, and position the U.S. as a leader in this growing global
industry.

POTENTIAL IMPACT
If successful, IMPACCT’s contribution to the development of cost-effective carbon capture technology would reduce harmful
greenhouse gas emissions while allowing for the continued use of low-cost and abundant domestic coal reserves.
SECURITY: Coal will continue to provide most of the electricity in the U.S. for the foreseeable future. Enabling the continued use of
abundant, domestic resources will promote a safe, reliable, and consistent electric grid as the renewable energy industry develops.
ENVIRONMENT: More than 30% of yearly greenhouse gas emissions in the U.S. come from coal plants. Supporting technologies
that reduce emissions could prevent more than 800 million tons of CO 2 from being released into the atmosphere.
ECONOMY: Present day carbon capture and storage technologies could add up to 80% to the cost of producing electricity.
Investing in technologies that reduce this added cost could save homeowners and businesses billions each year on their utility bills.
JOBS: Retrofitting existing coal-fired power plants to reduce their greenhouse gas emissions will require skilled labor in the
manufacturing, construction, and engineering sectors.

TEXT UPDATED: 2/16/2012

PETRO

HIGHER PRODUCTIVITY CROPS FOR BIOFUELS
PROJECTS:

10

FUNDING YEAR:

2011

TOTAL INVESTMENT:

$36.3 million

PROGRAM DIRECTOR:

Dr. Jonathan Burbaum

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/PETRO.aspx

PROGRAM
The 10 projects that comprise ARPA-E’s PETRO program, short for “Plants Engineered to Replace Oil,” aim to develop non-food
crops that directly produce transportation fuel. These crops can help supply the transportation sector with agriculturally derived
fuels that are cost-competitive with petroleum and do not affect U.S. food supply. PETRO aims to redirect the processes for
energy and carbon dioxide (CO2) capture in plants toward fuel production. This would create dedicated energy crops that serve
as a domestic alternative to petroleum-based fuels and deliver more energy per acre with less processing prior to the pump.

INNOVATION NEED
Worldwide, the supply of petroleum is decreasing as the demand for it is
increasing. As the forces of supply and demand contribute to volatility in fuel
prices, the availability of cost-effective, large-scale and renewable
substitutes remain limited. As we continue to burn petroleum as our primary
source of fuel for the transportation sector, greenhouse gases released into
the atmosphere contribute heavily to global climate change.

PETRO PROGRAM GOALS
Reduce biofuel production costs by up
to 50%
Increase energy yields per acre of land

Recycle atmospheric CO2
The PETRO program seeks to genetically engineer a whole new class of
crops that produce fuels which can be extracted directly from the plants
themselves. Current biofuels production is limited by both the inefficient capture of solar energy by plants and the inefficient
processes they use to convert CO2 from the atmosphere into fuels we can use. PETRO projects are experimenting with various
plants—including pine trees, tobacco, sugarcane, and sorghum—to create molecules already found in petroleum-based fuels
that can be dropped directly into the tanks of existing vehicles. PETRO biofuels would provide a stable, economically viable
alternative to petroleum that limits the environmental impact of the transportation sector.

POTENTIAL IMPACT
If successful, PETRO’s projects will create biofuels that can replace petroleum-based fuel for cars and planes at a competitive
cost. Because plants absorb as much CO2 as they release when used as fuel, net impact on the environment is zero.
SECURITY: The transportation sector accounts for nearly all of our petroleum imports. Providing an advanced biofuel alternative to
petroleum will allow the U.S. to reduce or eliminate these imports, improving our national security.

ENVIRONMENT: More than 25% of all greenhouse gas emissions in the U.S. come from the transportation sector. Because plants
naturally absorb CO2, the amount they release when used as fuel adds zero net greenhouse gas emissions to the atmosphere.

ECONOMY: The U.S. imports nearly $1 billion in petroleum each day, accounting for the single largest factor in our trade balance
with the rest of the world. Biofuels can be produced domestically, allowing us to keep more dollars at home.

JOBS: A self-sustaining biofuels industry that is cost-competitive with oil is well-positioned to see job growth in the agricultural,
engineering, and research sectors.

TEXT UPDATED: 2/17/2012

REACT

ALTERNATIVES TO CRITICAL MATERIALS IN MAGNETS
PROJECTS:

14

FUNDING YEAR:

2011

TOTAL INVESTMENT:

$22.1 million

PROGRAM DIRECTOR:

Dr. Mark Johnson

PROJECT DETAILS:

www.arpa-e.energy.gov/ProgramsProjects/REACT.aspx

PROGRAM
The 14 projects that comprise ARPA-E’s REACT program, short for “Rare Earth Alternatives in Critical Technologies”, are
developing cost-effective alternatives to rare earths, the naturally occurring minerals with unique magnetic properties that are
used in electric vehicle (EV) motors and wind generators. The REACT projects will identify low-cost and abundant replacement
materials for rare earths while encouraging existing technologies to use them more efficiently. These alternatives would facilitate
the widespread use of EVs and wind power, drastically reducing the amount of greenhouse gases released into the atmosphere.

INNOVATION NEED
There is a growing global shortage of rare earth materials used in magnets. The
cost of these materials has increased dramatically since 2010 alone. Demand
for technologies that have relied on rare earths continues to rise in a market
where the overwhelming majority of the supply is produced outside of the U.S.
ARPA-E provides funding for early-stage alternative technologies that reduce or
eliminate the need for rare earths by developing substitutes in two key areas:
EV motors and wind generators.

REACT PROGRAM GOALS
Eliminate most or all rare earth
magnets in electric vehicle motors and
wind generators.
Enable widespread use of electric
vehicles and wind power

Though domestic supply of rare earths is increasing, the demand is increasing
quickly as well. Therefore, technological advances that utilize low-cost and abundant alternatives such as manganese and nickel
will become increasingly vital to our national economic and energy security. Alternatives must meet or exceed the performance
of their rare earth predecessors while remaining cost-competitive. With nearly one million EVs expected on the roads by 2015,
the design of new motors that include little-to-no rare earth content will have positive implications for the transportation sector.
Likewise, wind energy could meet 20% of the nation’s electricity demand by 2030, placing increased emphasis on the need for
turbines that do not rely on rare earth-based magnets to generate electricity.

POTENTIAL IMPACT
If successful, REACT’s 14 projects would support EVs and wind generators that rely on low-cost, abundant materials. Aiding the
spread of these technologies would have a profound effect on the level of greenhouse gases produced in the U.S.
SECURITY: The U.S. produces a small fraction globally of industrial rare earths. Developing alternatives to the use of rare earths has
potential to reduce our dependence on these materials and will have a positive impact on our national economic and energy security.
ENVIRONMENT: The transportation and electric power sectors account for nearly 75% of U.S. greenhouse gas emissions each
year. Better permanent magnets would support the widespread use of EVs and wind power, significantly reducing these emissions .
ECONOMY: The U.S. spends nearly $1 billion per day on imported petroleum. Enabling the use of EVs would help insulate our
economy from unexpected spikes in the price of oil.
JOBS: Construction and manufacturing of renewable power facilities and EVs could create tens of thousands of jobs in the coming
decades.
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PROGRAM
The 7 projects that make up ARPA-E’s Solar ADEPT program, short for “Solar Agile Delivery of Electrical Power Technology,”
aim to improve the performance of photovoltaic (PV) solar energy systems, which convert the sun’s rays into electricity. Solar
ADEPT projects are integrating advanced electrical components into PV systems to make the process of converting solar
energy to electricity more efficient.

INNOVATION NEED
Only a small percentage of the sunlight that reaches a PV system is converted
into useful electricity. This inefficiency is due in part to the inefficient and
failure-prone electrical components used in most PV systems today.
Improving the performance and lowering the cost of electrical components,
such as semiconductors and transformers, would go a long way towards
improving the performance of PV systems. Better performing PV systems
would, in turn, help make solar energy cost competitive with conventional
forms of electricity generation.

SOLAR ADEPT GOALS
Increase the efficiency of solar energy
systems
Reduce the size of PV components and
systems
Make solar energy cost competitive
with conventional electricity generation

A PV system component called an inverter takes electric current from a PV
cell and converts it into the type and amount of electricity that is compatible with the power grid. Power conversion is a critical
part of the process because electrons in the PV cell create a direct current, or DC power, but electrical power grids that provide
electricity to homes and other buildings require alternating current, or AC power.

POTENTIAL IMPACT
If successful, the Solar ADEPT projects would improve the efficiency of several steps involved in the process of converting solar
energy to useable electricity—reducing the cost of utility-scale PV systems by up to 50% and residential or small-scale systems
by up to 80%.
SECURITY: Lowering the cost of PV systems would help increase the use of solar energy, which in turn would decrease our
dependence on fossil fuels and improve U.S. energy security.

ENVIRONMENT: Solar energy systems create zero harmful emissions while providing energy to homes and businesses, so their
widespread use would significantly improve air quality.

ECONOMY: Solar ADEPT project innovations could help position the U.S. as a leader in the solar electronics industry.
JOBS: Widespread use of residential and commercial PV systems would create jobs for system installers, technicians, and sales
people.
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