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CHANGING WHAT'S POSSIBLE

Methane Observation Networks with Innovative
Technology to Obtain Reductions — MONITOR

Bridger Photonics will develop a light-detection and ranging (LIDAR) system capable of rapid and precise
methane measurements resulting in 3D topographic information about potential leak locations. A novel near-
infrared fiber laser will enable long range detection with high sensitivity and can be deployed on a range of
mobile platforms to survey multiple sites per day. This mobile LIDAR system will dramatically reduce the cost
to identify, quantify, and locate methane leaks compared to currently available technologies.

IBM will develop new low-cost optical sensors and integrate them in a distributed sensor network to enable
enhanced methane leak detection from natural gas systems. The optical sensors will use on-chip tunable diode
laser absorption spectroscopy (TDLAS) enabled by shortwave infrared silicon photonics technology. The team
will leverage IBM’s capabilities in advanced communication, networking, and analytics to create an ultra-low-
power sensor network with custom models for source localization; the network approach can also incorporate
diverse sensor technologies such as catalytic chemical sensors and long path optical sensors. This proposed
self-organized network will enable a significant cost reduction to identify, quantify, and locate methane leaks
compared to currently available technologies.

Rebellion Photonics will miniaturize a long wavelength infrared imaging spectrometer that is lightweight and
highly portable. The image will contain multiple bands of spectral data for detection and characterization of
methane leaks. The data will be processed using a cloud-based computing architecture that will stream results
to mobile devices. The imager’s low cost and high portability will allow for widespread deployment while mobile
integration will provide increased awareness of leaks for faster leak repair.

Physical Sciences will develop a complete system for methane detection based on a novel infrared backscatter
technique. The system will exploit lightweight mid-infrared lasers, operate in multiple modes, and be mounted
on a small unmanned aerial vehicle (UAV) to provide continuous perimeter monitoring and aerial surveillance
for precise leak localization. This system will dramatically reduce the cost to identify, quantify, and locate
methane leaks compared to currently available technologies.

These projects have been selected for negotiation of awards; final award amounts may vary. This
document was last updated on 12/16/2014 to reflect a modification to the funding amount for one
project.
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Palo Alto Research Center (PARC) will create novel printed sensor arrays and integrate them into a system
that can quantify and locate methane leaks. The team will use a variety of modified carbon nanotube (CNT)
sensors to build a sensor array that provides a unique methane “fingerprint” resulting from the responses of
each sensor in the array. The novel CNT sensor arrays offer a low-cost solution to identify, quantify, and locate
methane leaks compared to currently available technologies.

Aeris Technologies will build a miniaturized spectrometer with low power requirements to provide a robust
solution for continuous leak monitoring for methane at natural gas production sites. The team will combine their
mid-infrared sensor with a leak quantification algorithm based on advanced dispersion modeling and artificial
neural networks. This system will be able to identify, quantify and locate methane leaks at a much lower cost
compared to currently available technologies.

LI-COR will develop a low-cost optical sensor for methane based on a unique cavity mode spectrometer. The
sensor will have minimal calibration requirements enabled by advanced software controls and a simplified
hardware design. In addition, cost will be dramatically reduced by eliminating the need for expensive optical
components. This project will produce a robust, highly sensitive, low-cost sensor to identify, quantify, and
locate methane leaks from natural gas systems.

Maxion Technologies will develop a low cost, widely tunable, mid-infrared laser source to be used in systems
to detect and quantify methane emissions. The design targets a strong methane absorption region currently
accessible only by expensive lasers, and will improve the sensitivity and selectivity of optical methane sensors.
The design allows for a 40x reduction in laser source cost, and the wide tunability will allow the same laser
design to be shared across many applications, further increasing economies of scale and reducing costs.
When incorporated into a methane detection system, this technology will enable significant reductions in the
cost associated with identifying, quantifying, and locating methane leaks compared to currently available
technologies.

GE Global Research will use a novel microstructured optical fiber as part of an infrared spectroscopic system
to detect and quantify methane emissions. The hollow optical fiber will utilize a microstructured design that
allows permeability to methane but maintains low-loss propagation of light over long distances. The design
allows identification of the location of methane leaks along the length of the fiber, which provides significant
flexibility in deployment. When fielded as a full methane detection system, this technology will enable
significant reductions in the cost associated with identifying, quantifying, and locating methane leaks compared
to currently available technologies.

These projects have been selected for negotiation of awards; final award amounts may vary. This
document was last updated on 12/16/2014 to reflect a modification to the funding amount for one
project.
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The University of Colorado at Boulder will develop a reduced-cost frequency comb system for detection of
methane over kilometer distances. Frequency combs are extremely sensitive, precise, and stable tools for
spectroscopic identification of natural gas constituents. The planned dual frequency comb spectrometer will be
able to distinguish methane, ethane, and propane, as well as methane with different carbon isotopes for
differentiating biogenic and geologic methane sources. When employed as a full methane detection system,
this technology will enable significant reductions in the cost associated with identifying, quantifying, and
locating methane leaks compared to currently available technologies.

Duke University will build a miniaturized, coded aperture mass spectrometer for methane sensing. The coded
aperture enables high resolution and high throughput in a compact device. The mass spectrometer design will
be optimized for methane, and will provide the ability to distinguish between methane with different isotopic
signatures for differentiating biogenic and geologic methane sources. Additionally, the sensor will identify other
molecules that are common constituents of natural gas, as well as hazardous aromatic compounds such as
benzene. The miniature mass spectrometer can be readily deployed and will dramatically reduce the cost to
identify, quantify, and locate methane leaks compared to currently available technologies.

Delivering Efficient Local Thermal Amenities —
DELTA

Syracuse University will develop a near-range micro-environmental control system transforming the way office
buildings are thermally conditioned to improve occupant comfort. The system leverages a high-efficiency
micro-scroll compressor, in a micro vapor compression system, whose evaporator is embedded in a phase-
change material. This material will store the cooling produced by the micro vapor compression system at night,
releasing it as a cool breeze to make occupants more comfortable during the day. This micro-environmental
control system could save more than 15% of the energy provided for heating and cooling.

These projects have been selected for negotiation of awards; final award amounts may vary. This
document was last updated on 12/16/2014 to reflect a modification to the funding amount for one
project.
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The State University of New York (SUNY) at Stony Brook will develop an active air conditioning vent capable of
modulating airflow distribution, velocity, and temperature to create localized thermal envelopes around building
occupants. SUNY Stony Brook’s smart vent will modulate the airflow using an array of electro-active polymer
tubes that are individually controlled to create a localized curtain of air to suit the occupant’s heating or cooling
needs. The team estimates this will result in upwards of 30% energy savings through directed localization of
existing building heating/cooling output.

Cornell University will develop thermoregulatory materials that enable the expansion of the neutral temperature
band for buildings in both heating and cooling seasons. The team’s approach integrates advanced textile
technologies and state-of-the-art electronics into a functional design without compromising comfort, wearability,
washability, appearance, or safety. The thermoregulatory clothing system will sense the wearer’s skin
temperature and activate a heated or cooled airflow around the individual, reducing the energy required to heat
or cool the building itself.

Stanford University will develop transformative methods for integrating photonic structures into textiles.
Controlling the thermal photonic properties of textiles can significantly influence the heat dissipation rate of the
human body, which removes a significant amount of heat through thermal radiation. The team will leverage
advances in photonic structures to build textiles with varying amounts of infrared transparency and reflectivity
to enable a wearer to achieve comfort in a wider temperature range.

The University of California at Berkeley will develop and integrate highly resonant wireless power transfer
technology for office workstations to deliver efficient local cooling or heating to the feet, hands, face, and trunk
of occupants. The team will leverage innovations in the development of low-power, wireless charging systems
for consumer electronics and integrate these devices with local comfort devices such as heated shoe insoles
and cooled and heated office chairs. This combination will lower building heating and cooling requirements by
providing personal comfort without special clothing, large batteries, or tethered equipment.

The University of Maryland will develop a thermally responsive fabric that extends the skin’s thermoregulation
ability to maintain comfort in hotter or cooler office settings. To provide cooling in hotter surroundings, the
meta-fiber in the fabric will increase its infrared emissivity and shrink to open pores in the fabric to increase
ventilation. In cooler conditions, these effects are reversed to increase the garment’s ability to insulate the
wearer. The added bidirectional regulation capacity will expand the thermal comfort range, thereby lowering
the heating and cooling requirements for buildings.

These projects have been selected for negotiation of awards; final award amounts may vary. This
document was last updated on 12/16/2014 to reflect a modification to the funding amount for one
project.
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Otherlab will develop a synthetic, thermally adaptive textile that incorporates a unique micro-patterning of fibers
comprised of multiple materials in unique geometries. The construction of the textile optimizes the collective
behavior of its fibers to amplify the thermally induced changes in an individual fiber, thus providing a greater
range of insulation in response to temperature changes. Textile wearers will require fewer layers of clothing in
a broader range of temperatures, effectively lowering the heating and cooling requirements for buildings.
Beyond apparel, this textile technology will enable energy reductions in other applications, such as upholstery
and bedding.

University of California at San Diego will develop a smart responsive fabric that enables building occupants to
adjust their personal temperature settings and promote thermal comfort to reduce or eliminate the need for
building-level air conditioning. The project exploits a unique fabric architecture that can modulate its porosity or
thickness to adjust thermal transport between the wearer and the surrounding environment. This fabric will
increase or decrease its insulation value when ambient temperature decreases or increases, respectively, and
along with other built-in printable and flexible components, allowing personal thermal comfort over a wide
range of temperatures and reducing energy use for heating and cooling buildings.

SRI International will develop a highly efficient, thermal regulation system that works alongside the human
body’s natural thermal regulation. This innovative technology uses a combination of low-cost polymer materials
and micro-scale heating or cooling devices to efficiently manage heat transfer. The palms of the hands, soles
of the feet, and the upper facial area have extensive blood vessel networks that serve as heat exchangers for
the body. To leverage these areas for effective thermoregulation, the proposed textile system will be used to
create versatile garments and accessories. SRI’s design overcomes the limitations of existing approaches to
locally heating and cooling individuals by leveraging the human body’s thermal regulatory system.

The University of California at Irvine will develop a dynamically tunable thermoregulatory fabric. This fabric will
leverage established heat-managing capabilities of materials like metalized mylar and color-changing polymers
inspired by squid skin. The technology will provide wearers with the unique ability to adaptively harness their
own individual radiant heat production to significantly reduce the energy required to heat and cool buildings.

The University of Maryland will develop a mobile platform to provide personalized cooling to individuals. This
platform will contain a small, battery-powered, high-efficiency vapor compression heat pump to provide
localized air conditioning as needed during the day while dumping stored heat and recharging batteries at
night. The highly portable nature of the platform and accompanying sensor and control system will allow it to
be optimally placed to improve personal comfort and reduce the energy required to cool buildings.

These projects have been selected for negotiation of awards; final award amounts may vary. This
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