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INTRODUCTION 

The transportation sector accounts for nearly all  

U.S. petroleum imports. Providing an alternative fuel 

source using domestically produced biofuels could 

increase U.S. energy security, improve fuel diversity, 

and provide low-carbon options in this important 

sector. Sustainable biofuel agriculture requires high-

yield crops, the ability to use land that is less 

suitable for food crops, and reduced requirements 

for water and fertilizer. Current biofuels production 

is limited by the inefficient capture of solar energy 

by plants, and complex and costly conversion of 

CO2 from the atmosphere into useful fuels—

including steps internal to the plant and external, 

downstream processes. Developing new 

technologies to select and cultivate the best biofuel 

crops will be necessary to advance these renewable, 

home-grown fuels.  
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AGRO-ENERGY — PLANTS TO FUELS 

PLANTS ENGINEERED TO DISPLACE OIL 

The projects in the PETRO program aim to develop 

non-food crops that directly produce transportation 

fuels that are cost-competitive with petroleum. 

Projects like those at the University of Illinois Urbana

-Champaign (UIUC) and the University of Florida 
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seek to create a whole new class of crops that 

produce fuels capable of being extracted directly 

from the plants themselves. The UIUC project has 

engineered sugarcane, one of the most productive 

crops in the world, to accumulate oil up to 8% of the 

plants’ vegetative dry weight, without affecting its 

sugar yield. The University of Florida project has 

demonstrated practical techniques for making and 

screening pine saplings with increasingly greater 

capacity to make desired chemicals. The team was 

able to grow pine trees with the potential to triple 

their terpene production, thus addressing a 

domestic feedstock supply concern. 

Two PETRO teams led by North Carolina State 

University and the University of Massachusetts 

focused on engineering Camelina to dramatically 

The current tools and processes used for crop 

breeding, phenotyping (identifying and measuring 

the physical characteristics of plants), and 

genotyping (decoding the DNA of a plant) are 

manual and time-intensive. ARPA-E is building multi

-disciplinary communities of researchers from 

agriculture, engineering, and information 

technology to develop new technologies that 

address these limitations and lead to transformative 

advances in the energy landscape.  

Since 2009, ARPA-E has provided over $164 million 

in R&D funding to 37 projects related to agriculture 

under several focused programs and open 

solicitations.1 The agency has sought to develop 

advanced biofuels from a variety of crops including 

tobacco, pine trees, switchgrass, and sorghum.  

Since 2009, ARPA-E has provided 

over $164 million in R&D funding 

to 37 projects related to agriculture 

under several programs. 
Pine trees designed to produce excess terpenes, a fuel precursor, that can 

be harvested from living trees throughout the organism’s lifetime. 
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increase its oil yield. After both teams showed 

promising results, they were encouraged to share 

their knowledge with each other. As a result, they 

were able to identify numerous plant genes and 

metabolic pathways, including a synthetic carbon 

fixation pathway, to further increase Camelina seed 

oil yield by 40-80%. Models of these impressive 

results showed that farmers could triple their 

profits, potentially opening up farming in regions ill

–suited for growing corn.  

Compared to corn grain, cellulose is much more 

difficult to process chemically for biofuel 

production. In order to build on advances made by 

others, ARPA-E supported a new technology that 

could further reduce costs by engineering the plants 

to make cellulose cheaper to process. The OPEN 

2009 Agrivida team sought to develop plant 

varieties that would directly produce cell-wall-

degrading enzymes in the plant. This systems-level 

approach could drastically reduce the cost of 

refining by enabling the plant to do more of the 

work.  

 

ADVANCED TECHNOLOGY FOR PLANT 

BREEDING 

Projects in the TERRA program couple large-scale 

physical and genetic characterization with advanced 

algorithms and big data to accelerate the year-over-

year yields of traditional plant breeding and the 

discovery of crop traits that improve productivity, 
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reduce water and nutrient use, and enhance our 

ability to mitigate greenhouse gases. Project teams 

are developing automated mobile platforms with 

sensory systems to observe and record the 

characteristics of plants and create advanced 

algorithms to analyze data and predict plant growth 

potential. 

ARPA-E continues to invest in this space. The ROOTS 

program, launched in 2016, seeks to improve crop 

breeding for root and soil function to allow for 

greater carbon storage in plants.  ROOTS projects 

will develop sensing technologies to help farmers 

choose crop varieties that better capture carbon 

molecules from the atmosphere and store them in 

their root systems. 

 

RENEWABLE BIOMASS FROM MARINE 

MACROALGAE 

In late 2016, ARPA-E launched a new program to 

produce biofuels using marine macroalgae farming.2 

The MARINER program aims to develop 

technologies capable of cultivating economically 

viable, renewable biomass for energy applications 

without competing for valuable land.  

ARPA-E has  provided R&D funding for a 

broad range of technologies, including field 

phenotyping through advanced sensor 

platforms, establishing rigorous gene-trait 

associations, and genetically modifying plants 

to produce bio-products cost-effectively. 

1 PETRO: Plants Engineered to Replace Oil; TERRA: 

Transportation Energy Resources from Renewable Agriculture; 

ROOTS: Rhizosphere Observations Optimizing Terrestrial 

Sequestration; OPEN FOAs released in 2009, 2012, and 2015. 

2 MARINER: Macroalgae Research Inspiring Novel Energy 

Resources 

As part of the TERRA program, Clemson University and its partners are 

developing ground-based robotics platforms that traverse between crops 

to observe various plant characteristics.  
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INTRODUCTION 

Heating, ventilation and air conditioning (HVAC) 

systems accounted for 14% of U.S. primary energy 

consumption in 2013. Unfortunately, much of this 

energy goes to waste in the form of leaky windows 

and inefficient HVAC systems. Energy-efficient 

technologies can yield substantial cost savings for 

American households and businesses, and ARPA-E 

has taken several approaches to reducing building 

energy losses under multiple focused programs.1 
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ENERGY-EFFICIENT BUILDINGS 

U.S. Navy, this technology was then adapted to 

reduce electricity loads at forward operating bases 

by using the waste heat from diesel generators.  

In addition to refrigeration and air conditioning, 

both military and commercial buildings stand to 

reduce their water and electricity requirements by 

deploying passive cooling technology. A Stanford 

University team funded under OPEN 2012 has 

successfully created a multilayered coating that 

reflects nearly all sunlight while selectively emitting 

infrared light that can radiate through the 

atmosphere into outer space. Other teams in the 

ARPA-E ARID2 program have also developed 

alternative approaches to this “radiative cooling” 

technology.  These technologies could be placed on 

rooftops to direct heat away from a building, even 

under full daytime sun.  

Updated August 2017  

In order to better understand how and where to 

save money from leaking windows and walls, 

commercial buildings sometimes conduct expensive 

energy audits involving teams of people and many 

sensors. Another OPEN 2012 project team led by the 

University of California, Berkeley developed a suite 

of sensors and built a prototype backpack capable 

of performing a scan and energy audit of a room in 

minutes. By substantially reducing the cost and time 

requirement of this process, energy audits—and the 

subsequent savings they can provide—can become 

accessible to more American businesses and 

homeowners, increasing efficiency and lowering 

utility bills.  

EFFICIENT COOLING 

The ARPA-E BEETIT program, launched in 2010, 

focused on developing energy-efficient cooling 

technologies and air conditioners that could achieve 

the same amount of cooling using less energy and 

less harmful refrigerants. In pursuit of this goal, a 

project team led by Infinia Technology Corporation 

developed a Stirling-engine-based device capable 

of meeting much higher energy-efficiency standards 

than current AC units due to its improved heat 

exchanger containing benign refrigerants. The 

system’s high cooling potential, modular design and 

use of environmentally-friendly coolants led the 

team to develop a prototype commercial 

refrigerator under ARPA-E support. 

A Georgia Tech team also achieved promising 

results under the BEETIT program, building a 

prototype device to efficiently cool rooms by 

exploiting waste heat for input energy. The team 

took their proof-of-concept idea and developed a 

commercially viable fabrication approach to scale 

up the device at low cost. In collaboration with the 

Since 2009, ARPA-E has provided 

over $132 million in  R&D funding 

to 52 projects under several 

programs. 

Sensor backpack developed by the 

University of California, Berkeley to conduct 

fast and cheap energy audits. 
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BETTER WINDOWS 

Many buildings have single-pane windows that 

work as poor insulators. Replacing single-pane 

windows with efficient, double-pane windows, 

however, is not always feasible due to cost and 

architectural constraints. Retrofitting, rather than 

replacing single-pane windows, can reduce heat 

loss and save roughly the amount of electricity 

needed to power 32 million U.S. homes each year. 

The SHIELD program, launched in 2016, seeks to 

develop inexpensive coatings that can be easily 

applied to existing single-pane windows, providing 

additional thermal insulation and condensation 

prevention—all while maintaining a clear window 

and avoiding haze.  

The University of Texas, Austin led a successful 

window coatings project as part of the OPEN 2012 

program. The team’s smart coating can affect 

energy use by reducing load on an AC system while 

letting in as much sunlight as desired by the 

consumer.  The coating is controlled like any other 

electrochromic window, by applying a small voltage. 

The unique feature of this coating is that by tuning 

the voltage it can operate on a continuum of ‘cool 

modes’ that only block some wavelengths of light. 

This means occupants can tune how much sunlight 

and heat they allow through the window.  
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LOCAL THERMAL MANAGEMENT 

ARPA-E launched the DELTA program in 2015 to 

develop localized heating and cooling systems and 

devices to expand temperature ranges within 

buildings. The project teams are developing 

technologies that can regulate temperatures of 

individual occupants instead of an entire building. 

This localization of thermal management will enable 

buildings to operate in wider temperature ranges 

while still ensuring occupant comfort, which would 

dramatically reduce the building’s energy 

consumption and associated emissions. 

ARPA-E continues to launch R&D programs in this 

space. The SENSOR program3 launched in 2017, 

seeks to dramatically reduce the amount of energy 

used for heating and cooling residential and 

commercial buildings via sensor systems that 

accurately map human presence. By having more 

accurate information on which rooms are occupied, 

and by how many people, HVAC loads can be 

dynamically adjusted to ensure higher levels of 

comfort.  

This group of projects has, and will continue to, 

significantly advance U.S. technological leadership in 

this increasingly important space.  

ARPA-E has supported a broad range of 

technologies including more efficient AC 

designs, passive cooling, insulating 

window coatings, and even managing 

temperatures on a personal level. 

1BEETIT: Building Energy Efficiency Through Innovative 

Thermodevice; SHIELD: Single-Pane Highly Insulating Efficient 

Lucid Design; DELTA: Delivering Efficient Local Thermal 

Amenities; OPEN FOAs released in 2009, 2012, and 2015. 

2ARID: Advanced Research In Dry cooling. 

3SENSOR: Saving Energy Nationwide In Structures With 

Occupancy Recognition. 

UT’s smart coating can be tuned to individually block infrared and visible 

components of sunlight, thus enabling the occupants to control the 

brightness and amount of heat that enters.  
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INTRODUCTION 

Advanced energy storage promises to play a key 

role in the modernization of our nation’s electricity 

grid and the widespread adoption of electric 

vehicles (EVs). If enhanced performance and lower 

cost can be achieved, electrochemical energy 

storage, i.e. using batteries, has the potential to 

provide flexible energy management for the grid 

and enable the next generation of transportation 

technologies. 
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BATTERIES FOR TRANSPORTATION AND THE GRID 

new ways, and developing new battery chemistries 

altogether. Some projects are beginning to have an 

impact, but it will take a significant amount of time 

and additional technical development to see true 

evolution of battery cost curves, a potential 

predictor of their widespread commercial impact.  

LOW COST — LONG LIFE 

The most successful projects have demonstrated the 

potential for low cost, high energy density, and/or 

long cycle life, with performance characteristics 

suitable for a range of applications. Some of  

ARPA-E’s more mature, alumni project teams have 

already begun moving new types of storage 

batteries into the market, where they are 

demonstrating the performance and economic 

benefits necessary for wide-spread adoption. 
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ARPA-E has supported a diverse portfolio that has 

already yielded potentially transformative results. 

Developing markets and delivering value remains 

essential to the continued development of new 

storage technologies. A GRIDS project, led by Fluidic 

Energy has done this with its zinc-air battery and 

service model. 

Low-cost, high-performance energy storage can  

enable the increase of renewable power integrated 

on the grid while improving its operating 

capabilities and enhancing reliability. In 

transportation, effective EV batteries stand to give 

consumers more options and bolster U.S. energy 

security. However, outstanding major technological 

hurdles include increasing energy density and the 

cycle life of batteries while driving down the cost of 

battery packs. 

When the agency first moved to fund 

electrochemical storage concepts in 2010, stationary  

solutions for the grid were lagging behind those 

developed for transportation purposes, which had 

already been the object of the U.S. Department of 

Energy’s (DOE) focus for many years. 

REDEFINING ENERGY STORAGE 

Available grid battery storage options were initially 

limited to lead-acid, sodium-sulfur, and some early 

demonstrations of lithium-ion chemistries. ARPA-E’s 

range of storage projects focuses on creating new 

designs, exploiting known battery chemistries in 

Since 2009, ARPA-E has provided 

over $257 million in R&D funding 

to 102 projects in energy storage.1 

Flow batteries and other grid-level storage technologies could 

enable much greater integration of renewable power sources.  
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Improving on lithium-ion batteries, 24M has 

developed a method of manufacturing thicker 

electrodes to enhance energy density which showed 

improved performance on a cost-competitive basis. 

Sila Nanotechnologies, on the other hand has 

developed silicon anodes that increase energy 

density while minimizing the degradation that 

typically occurs during cycling.  

Several teams in the AMPED program successfully 

explored another pathway to improving lithium-ion 

batteries—design better sensors. The project team 

led by GE built a low-cost sensing system that 

significantly increases the utilization of stored 

energy in battery packs while maintaining or 

improving upon system lifetime. Utah State 

University created a cell-level battery management 

system that was able to maximize battery 

performance by reducing cell imbalances across the 

entire pack through an innovative circuit 

architecture.  

The advances in vanadium flow battery design 

pioneered by UTRC/Vionx make their product 

competitive at scale with mature lithium-ion 

technology. When coupled with very low-cost 

materials and designs that stabilize electrolytes and 

electrodes, flow batteries like those from our GRIDS 

teams led by ESS and Primus Power can achieve 

both lower cost and long cycle life. Other 

approaches, such as OPEN 2012 awardee Harvard 

University’s batteries based on affordable organic 
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molecules, offer lower balance of system costs 

thanks to lower hazards and improved robustness.  

ARPA-E continues to develop programs in the area 

of advanced energy storage. The IONICS program, 

launched in 2016, is advancing the components 

needed to enable transformational, high-density, 

long lasting batteries. IONICS projects are creating 

components built with solid ion conductors with a 

wide range of desirable properties, including low 

area-specific resistance, high chemical and 

electrochemical stability, high selectivity, and good 

mechanical properties.  

These diverse projects across the energy storage 

space maintain and advance U.S. technological 

leadership in this critical arena. 

ARPA-E has helped advance a broad 

range of battery technologies, including 

flow batteries, metal-air chemistries, and 

advanced lithium-ion, for both grid-

scale storage and transportation. 

1 AMPED: Advanced Management and Protection of Energy 

Storage Devices; BEEST: Batteries for Electric Energy Storage in 

Transportation; CHARGES: Cycling Hardware to Analyze and 

Ready Grid-Scale Electricity Storage; GRIDS: Grid Scale Rampa-

ble Intermittent Dispatchable Storage; RANGE: Robust Afforda-

ble Next-Generation Energy Storage Systems; OPEN FOAs re-

leased in 2009, 2012, and 2015. 
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INTRODUCTION 

The infrastructure that comprises the U.S. electric 

grid relies largely on technologies developed in the 

first part of the 20th century. Over 30% of the grid's 

transmission lines, transformers, and other hardware 

are approaching or have passed the end of their 

rated lifetime. Transmission losses and blackouts 

prevent around 10% of the electricity produced in 

U.S. power plants from ever reaching customers, 

costing businesses and consumers almost $80 

billion a year. Making the grid more resilient to 

cyber and physical attacks and severe weather is 

limited by the outdated architecture that carries 

electricity from centralized power plants to 

consumers. As more distributed energy resources 

(DER) present the opportunity to greatly increase 

grid flexibility and resiliency, new hardware and 

software must be deployed to ensure reliability, 

stability, and cost-effective operation. ARPA-E has 

funded three focused programs to help 21st century 

grid operators achieve these vital functions.1 During 

the last decade, the available tools for managing 

electricity delivery have improved.  In addition to 

controlling generation, scheduling and dispatching 

demand may be an effective approach to 

incorporate more DERs.   
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A SECURE, EFFICIENT AND FLEXIBLE GRID 

reliability and integrate more renewable power 

sources into the U.S. energy mix, we must update 

how we operate the grid and develop new hardware 

to improve flexibility, resiliency, and robustness 

without sacrificing reliability. Projects in ARPA-E’s 

GENI program focus on advances in hardware and 

software to modernize the existing power grid—

making it smarter, more secure, and more reliable. 
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Hardware solutions, like the one developed by 

Smart Wires under the GENI program, offer new 

capabilities to improve the flexibility of the grid. The 

flow of power depends on the relative impedances 

of lines throughout the network, so changing 

impedance can alter the path that electricity takes. 

The PowerLine Guardian™ device clamps onto 

existing transmission lines and allows grid operators 

to increase line impedance on command using 

wireless communication controls, thereby 

controlling the flow of power. 

The Boston University GENI team has designed an 

advanced control technology to help grid operators 

actively manage power flows and integrate more 

renewables by switching power lines in and out of 

service in coordination with traditional management 

of generators and demand. The technology 

mitigates network congestion by using fast 

EFFICIENT, SECURE, RELIABLE  

Historically, the electric grid was designed to deliver 

power in one direction—from large generation 

facilities to consumers. This takes place over long-

distance, high-voltage transmission lines and after 

passing through a substation through a network of 

local distribution lines. To improve the grid's 

Since 2009, ARPA-E has provided 

over $135 million in R&D funding 

to 50 projects under several 

programs. 

TVA personnel review installation of Smart Wires’ device before 

raising it to the line.  
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optimization algorithms that guide real-time 

changes in the on/off status of transmission 

facilities. Another GENI project, AutoGrid Systems, 

has designed, developed, and deployed a demand 

response optimization platform to manage 

unpredictable demand and supply fluctuations 

throughout the electric grid. This software promises 

to significantly improve the ability of utilities to 

control the grid while giving consumers a better 

handle on their energy use. The team demonstrated 

a machine learning engine capable of processing 

more than one million forecasts on a rolling basis 

every ten minutes, a performance significantly 

beyond industry expectations. 

The power converter developed by Varentec, Inc., 

another GENI awardee, allows grid operators to 

redirect current in power lines in real time. With this 

new capability, operators will be able to more 

efficiently dispatch power, thus increasing reliability 

while reducing electricity costs. The team has 

successfully demonstrated its device at grid-scale 

power levels and also offers possible savings 

through deferred distribution system upgrade costs.  

A team led by the University of California, Berkeley, 

under the OPEN 2012 cohort, developed a device 

and software system that combines high-quality 

electrical measurements with the time accuracy of 

GPS and wireless communications into a network of 

micro-phasor measurement units (µPMUs). This 

advance provides important new capabilities to 
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monitor and control electricity flow in distribution 

systems, where the rapid introduction of DERs and 

new types of loads such as electric vehicles makes 

their operation a growing challenge. These devices 

have been so successful that the team is now 

manufacturing them in California and has already 

made direct sales domestically and internationally. 

ENABLING GRID FLEXIBILITY 

Other methods to enable better grid management 

and create a virtual energy storage system are being 

developed under the NODES program, launched in 

late 2015. There is increasing variability in the 

generation and consumption of electricity today, 

along with changes in customers' energy use 

patterns. The ability to cost-effectively and reliably 

manage dynamic changes in the grid presents an 

opportunity for savings and efficiency gains. Teams 

in the NODES program are leveraging advances in 

computation to enable control of demand and 

generation, allowing the integration of more 

intermittent resources, including renewables.  

OPEN-ACCESS DATABASES AND NEW 

ALGORITHMS 

The GRID DATA program is funding projects to 

develop large-scale, realistic, validated, and open-

access power system network models. These highly 

detailed models will allow future researchers to 

develop and test transformational power system 

optimization and control algorithms. These include 

new optimal power flow algorithms for which ARPA-

E is anticipated to launch a competition in 2017. 

ARPA-E’s work in grid security, efficiency, and 

flexibility has, and will continue to, significantly 

advance U.S. technological leadership in this critical 

space.  

ARPA-E has supported a broad range of 

technologies including software and 

hardware solutions designed to build 

the grid of tomorrow. 

1GENI: Green Electricity Network Integration; NODES: Network 

Optimized Distributed Energy Systems; GRID DATA: Generating 

Realistic Information for the Development of Distribution and 

Transmission Algorithms; OPEN FOAs released in 2009, 2012, 

and 2015 
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INTRODUCTION 

The combination of directional drilling and 

hydraulic fracturing technology has greatly 

increased the amount of proven natural gas (NG) 

reserves in the United States. The affordability of 

this strategic resource, combined with its lower 

carbon profile and domestic abundance has 

generated interest for widespread NG use as a 

transportation fuel. Because there are more than 70 

million homes and commercial sites connected to 

NG infrastructure for heat, there is also interest in 

using this fuel for small-scale, distributed electricity 

generation. By expanding the use of domestic NG in 

combined heat and power (CHP) systems, the U.S. 

could take even greater advantage of this domestic 

resource.  
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NATURAL GAS UTILIZATION AND MONITORING 

cumbersome, and are either too large or too 

expensive to be suitable for smaller passenger 

vehicles. MOVE project teams sought to remove 

these barriers, helping to encourage the widespread 

use of NG cars and trucks. For example, a project 

team led by REL, Inc. developed an internal “foam 

core” for compressed natural gas (CNG) tanks that 

allows them to be formed into any shape. REL used 

its casting technology to develop a high-integrity 

foam core that allows for a strong inner tank 

geometry. This technology will enable higher 

storage capacity than current carbon fiber tanks at 

one third the cost. For low-cost fuel storage that 

conforms to the available space on a vehicle, an 

Otherlab, Inc. project team created a new NG tank 

design that comprises a single tube with a series of 

bends, much like the bends in an intestine allow it to 

occupy the space in the abdominal cavity. This 

architecture will allow more efficient fuel storage in 

irregularly-shaped spaces compared to a traditional 

CNG cylinder. 
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The Onboard Dynamics MOVE project developed a 

mechanism through which a natural-gas-driven 

internal combustion engine can be used to 

compress low-pressure NG to 3600 psi for storage. 

The project takes advantage of the existing 

compression capability of an internal combustion 

engine, using it both to power the vehicle and act as 

Of the ARPA-E projects taking advantage of the 

market opportunities presented by NG, the 

transportation projects fall under the MOVE and 

REMOTE programs, while distributed generation 

projects fall largely under the REBELS, GENSETS, and 

INTEGRATE programs.1  

NATURAL GAS FOR TRANSPORTATION 

Powering transportation using alternative energy 

sources is challenging for several reasons. Chief 

among these is a lack of vehicle refueling 

infrastructure for NG, hampered by the high cost of 

compressing NG and storing it on a vehicle.  

ARPA-E’s MOVE program seeks to address these 

challenges.  

Today’s NG vehicle technologies require tanks that 

can withstand high pressures, are often 

Since 2009, ARPA-E has provided 

over $222 million in R&D funding 

for 82 projects related to natural 

gas under several programs. 

REL’s conformable (left) and Otherlab’s folded tube (right) CNG tank, can 

be manufactured to conform to the available space.  
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an onboard compressor. As part of its ARPA-E 

project, Onboard Dynamics designed, fabricated, 

and installed a prototype custom cylinder head 

onto a Ford V8 engine and demonstrated its ability 

to successfully compress natural gas. Onboard 

Dynamics’ innovation could make it easier to deploy 

NG refueling infrastructure by allowing vehicles to 

plug into the user’s residential NG line, filling the 

storage tank at home. 

CONVERTING NATURAL GAS TO LIQUID FUELS 

Natural gas may also be converted to liquid fuels 

using chemical or, as in the case of the REMOTE 

program, biochemical processes. The efficient, cost-

effective conversion of methane to a liquid fuel at 

any scale of production would greatly increase the  

viability of NG as a transportation fuel. It could also 

better utilize resources from remote wells, which 

often need to emit or flare NG because transporting 

the gas is not always economical. The existing 

transportation infrastructure deals with liquid fuels 

like gasoline and diesel. A comparable NG-derived 

liquid fuel could be conveniently “dropped in” 

without substantial changes to vehicle powertrains. 

REMOTE projects seek to develop bioconversion 

technologies that greatly improve the conversion of 

methane into liquid fuels. The projects have 

demonstrated success in terms of improved 

methane activation, higher conversion rates, and 

intensifying biochemical processes more generally. 
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MONITORING INFRASTRUCTURE FOR METHANE 

EMISSIONS 

Unfortunately, an average of about 2% of NG is 

wasted through leaks anywhere from the wellpad to 

local distribution networks. ARPA-E’s MONITOR 

program focuses on developing technologies to 

cost-effectively and accurately locate and measure 

methane emissions (the primary component of NG) 

associated with NG production. Such low-cost 

sensing systems are needed to reduce methane 

leaks, reduce safety hazards, promote more efficient 

use of our domestic NG resources, and reduce the 

overall greenhouse gas (GHG) impact from natural 

gas development. 

NATURAL GAS FOR DISTRIBUTED ENERGY 

RESOURCES 

In 2013, approximately 67% of the energy used for 

electricity generation was released as waste heat at 

centralized power-plants in the United States. 

Distributed generation systems offer an alternative 

to large, centralized power plants. Combined heat 

and power (CHP) systems have the ability to 

produce electricity on-site while utilizing waste heat 

to supplement home heating requirements, 

therefore enabling large primary energy savings. 

ARPA-E has funded projects that take advantage of 

the NG pipeline infrastructure available to many 

homes and businesses by developing novel fuel cells 

and stationary engines.  

Fuel cells—devices that convert the chemical energy 

of a fuel into electrical energy—generally operate at 

either high temperatures for grid-scale applications 

or at low temperatures for vehicle technologies. 

REBELS projects focus on low-cost, intermediate-

temperature fuel cells, seeking efficient small-scale 

CHP systems made from affordable materials and 

system components. Project teams in the GENSETS 

program are developing heat engines and 

generators capable of reaching short payback 

periods for small, on-site CHP applications. 

ARPA-E’s newest program, INTEGRATE, will develop 

natural-gas fueled, distributed, ultra-high efficiency 

electrical generation systems for industrial and 

commercial uses. The program focuses on hybrid 

system designs that integrate a fuel cell with a heat 

or reactive engine, such as a gas turbine, in order to 

generate electricity at greater than 70% efficiency. 

ARPA-E has supported a broad range of 

technologies including conformable CNG 

tanks, methane -to-liquid processes, 

combustion engines and fuel cells to generate 

on-site electricity, and technologies to monitor 

costly methane leaks. 

1MOVE: Methane Opportunities for Vehicular; REMOTE: 

Reducing Emissions using Methanotrophic Organisms for 

Transportation Energy; REBELS: Reliable Electricity Based on 

ELectrochemical Systems; GENSETS: GENerators for Small 

Electrical and Thermal Systems; Energy; MONITOR: Methane 

Observation Networks with Innovative Technology to Obtain 

Reductions; INTEGRATE: Innovative Natural-gas Technologies 

for Efficiency Gain in Reliable and Affordable Thermochemical 

Electricity generation; OPEN FOAs released in 2009, 2012, and 

2015. 

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

Power electronic devices manage and convert 

electric power for a variety of applications. In 2011, 

approximately 30% of electricity passed through  

these devices. By 2030 that amount is projected to 

be 80%. As such, power electronics will  play an 

increasingly important role in how electricity is 

generated, transmitted, and consumed.  Advances 

in power electronics promise enormous energy-

efficiency gains across the U.S. economy in 

everything from telecommunications to lighting to 

transportation. In solar photovoltaics (PV), power 

electronics are required to process and control the 

flow of electric energy. Power electronics are also a 

key technology for hybrid and electric vehicles (EV), 

and progress in power electronics will help ensure 

U.S. leadership in this domain.  

Accelerating innovation to create a more secure, affordable and sustainable American energy future.  

Changing What’s Possible 

POWER ELECTRONICS FOR EFFICIENT ELECTRICAL 

CONVERSION 

the use of a variety of materials for new power 

electronic devices while drastically reducing the 

costs to enable rapid deployment. 

MOVING BEYOND SILICON 

Today’s incumbent power semiconductor switch 

technology is based on silicon (Si). ADEPT projects 

advanced commercial applications of silicon carbide 

(SiC) and gallium nitride (GaN) devices by lowering 

the cost and improving the performance of power 

converters and power management systems. The 

Solar ADEPT program specifically focused on 

packaging and manufacturing processes for power 

converters to reduce the cost of photovoltaic 

systems. One successful team, Arkansas Power 

Electronics, developed a SiC-based EV battery 

charger that went on to win a 2014 R&D 100 award.  

Updated August 2017 

Two projects investigating the potential of GaN 

devices were able to make tremendous 

advancements under their ARPA-E awards. In 2015, 

Transphorm, Inc. announced the world’s first 600V 

GaN transistor. They successfully reduced the size 

six-fold while maintaining a three-fold higher 

switching speed compared to traditional silicon 

devices. The ADEPT project led by the 

ARPA-E has provided targeted R&D funding in 

power electronics focused on the promise of wide 

bandgap semiconductors (WBG), materials allowing 

much higher voltages than traditional silicon 

semiconductors, to enable a new generation of high

-performance devices.1 For example, the agency’s 

ADEPT and Solar ADEPT programs sought to show 

that using WBG components could yield higher 

performing modules at cost parity with those based 

on lower cost silicon components. Analysis of 

market drivers showed that accelerating the 

commercial uptake of these more efficient 

approaches requires driving down the costs of the 

components, which led to the creation of the 

SWITCHES program. The agency has encouraged 

Since 2009, ARPA-E has provided 

over $116 million in R&D funding 

to 53 projects under several 

programs. 

Monolith Semiconductor, Inc. device with silicon carbide (SiC) 

wafer in background. 

http://www.arpa-e.energy.gov
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Massachusetts Institute of Technology took a 

broader approach to the challenge and addressed 

three areas needed to improve power conversion: 

switching devices, inductors, and circuit design in 

their work on a novel GaN device. 

The Solar ADEPT program focused specifically on 

accelerating the development of solar PV power 

inverters, and the advances made are exemplified 

by the SolarBridge Technologies project. This team 

was charged with developing integrated differential 

power processing technology that would increase 

solar harvesting efficiency while maintaining low 

power inverter costs.  

DRIVING DOWN MANUFACTURING COSTS 

The SWITCHES program was designed to address 

key material device fabrication and device 

architecture issues that drive costs for SiC and GaN, 

as well as to evaluate new WBG materials such as 

aluminum nitride and diamond. A project led by 

Avogy, Inc. developed a GaN transistor that can be 

fabricated to conduct significantly more electricity 

while being 30 times smaller than conventional 

silicon transistors. Alternatively, Monolith 

Semiconductor, Inc. developed large-area, high-

voltage, SiC devices under their ARPA-E award. The 

Monolith approach centers on designing SiC devices 

Updated August 2017 

and fabrication processes that are compatible with 

existing, high-volume silicon manufacturing facilities 

to help drive down the cost of SiC devices.  

Some related projects focused particularly on 

developing better light-emitting diodes (LEDs): 

iBeam Materials (under SWITCHES) and Soraa 

(under OPEN 2009 and SWITCHES). iBeam Materials 

was able to demonstrate GaN LEDs on flexible metal 

foils for use in lighting with the potential to cost 

around half as much as conventional LED systems. 

The Soraa project developed a new 

‘ammonothermal’ method for growing GaN crystals 

adapted from an inexpensive method used to grow 

quartz crystals. Soraa has successfully demonstrated 

making high-quality crystal wafers that are over two 

inches in diameter. 

ARPA-E continues to develop programs in this space 

in a coordinated effort to realize the full benefits of 

WBG technology in power electronics.2 The specific 

remaining challenge to the SWITCHES program—

selective area doping of GaN—prompted the 

announcement in late 2016 of PNDIODES.  

PNDIODES projects seek to develop reliable and 

usable doping processes that can be applied to 

specific regions of GaN and its alloys. 

In August 2017, ARPA-E announced the project 

selections for its latest focused program in power 

electronics. CIRCUITS3 aims to accelerate the 

development and deployment of a whole new class 

of efficient, lightweight, and reliable power 

converters based on WBG semiconductors through 

transformational system-level advances that enable 

effective operation at high switching frequency, high 

temperature, and low loss.  

 

ARPA-E has helped advance a broad 

range of technologies including the 

development of new WBG materials and 

advanced manufacturing technologies 

to reduce the cost and accelerate 

deployment.  

1ADEPT: Agile Delivery of Electrical Power Technology; Solar 

ADEPT; SWITCHES: Strategies for Wide Bandgap Inexpensive 

Transistors for Controlling High Efficiency Systems; OPEN FOAs 

released in 2009, 2012, and 2015. 

2PNDIODES: Power Nitride Doping Innovation Offers Devices 

Enabling SWITCHES.  

3CIRCUITS: Circuits Using Inventive Topologies and 

Semiconductors. 

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