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In a sense, deployable power is and always has 

been “On Our Radar”. IQT has long recognized the 

foundational nature of deployable power as underlying 

the digital revolution and has made multiple 

investments at both the component and system levels 

to continuously improve field deployable capabilities at 

several power scales. While critical to our customers’ 

missions, energy and power are equally critical to 

consumer electronics. Thus, there has been a robust 

venture-backed community of innovative companies 

attempting to extend the life of the electronic devices 

we all carry with us. 

Mobility, Endurance, and Resiliency are key drivers 

when it comes to energy and power for the Intelligence 

Community (IC). All other meaningful measures derive 

from or tie back to one of more of these elements. Size, 

weight, energy density, power density, and efficiency 

are all optimized in the name of increasing our ability 

to move, carry, and deploy systems for the longest time 

possible, under the most demanding of conditions. These 

drivers are independent of size and are relevant across a 

wide range of power levels, from milliwatts to kilowatts. 

It is important to closely examine the concepts of 

Mobility, Endurance, and Resiliency with respect to the 

technologies and companies pushing the frontiers of 

deployable power. As straightforward as the concepts 

DEPLOYABLE POWER
By Frank DiMeo Jr.

ON OUR 
RADAR

of Mobility, Endurance, and Resiliency are in principle, 

they are complicated when it comes to components and 

system integration. Technical practitioners need to have 

a thorough command of multiple performance aspects 

of every component (discharge curves, leakage rates, 

peak current capability, open circuit voltages, etc.), and 

how these holistically impact the system performance 

and suitability for deployment. 

As background, the basic architecture of a deployable 

power system is shown in Figure 1, and consists of a 

generator/collector, a means of energy storage, and 

a power management controller. Like any system, the 

ultimate performance is both a function of the individual 

components and the successful integration effort that 

ties these elements together.

Mobility: Enabling work from anywhere

As we have all experienced, there is a large and growing 

panoply of portable consumer electronics (phones, 

cameras, radios, laptops, navigation units, laser 

rangefinders, etc.). Beyond the expectation of one device 

to be a master of all trades (i.e., the emergence of the 

smartphone), the trend common to each of these is 

the expectation that each new generation will be more 

“powerful” than the last. While there are many examples 

across several scales, the evolution of the wristwatch is 

“We are still waiting for that day when  
we have a battery that has more capacity  

than it has right now.” 
 

 — Tom McMahon

“I bought some batteries,  
but they weren't included.”

 
 — Steven Wright
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illustrative in that it is one of the few technologies that 

originally existed as a non-battery powered device but 

has thrived in functionality with the addition of a battery. 

The first electrically powered watch, the Hamilton 

Electric 500, was released in 1957 by the Hamilton 

Watch Company of Lancaster, Pennsylvania. Since the 

introduction of the battery to the wristwatch, more and 

more features have been added including calculators, 

accelerometers, barometers, altimeters, digital 

compasses, video games, digital cameras, memory 

drives, heart rate monitors, data loggers, GPS receivers, 

and even RF communications. Figure 2 shows a table 

of specifications for a modern, commercially-available 

athletic watch (Garmin 910XT circa 2013). These 

advances in the features available in this sample device 

could not have happened without concomitant advances 

in battery technology. Li-ion polymer chemistry in 

particular is largely responsible for enabling such 

tremendous functionality to be carried on one’s wrist. 

Where will the next breakthrough in energy storage 

come from? There are a number of solutions vying 

for space on the market, including advanced energy 

harvesting techniques and new lithium-free battery 

chemistries. It remains to be seen which, if any, will 

survive to maturity. 

Endurance: Persistence over time

No matter how “mobile” electronics become, there 

will inevitably come a moment when more power is 

needed, and devices will need to be recharged. This 

is where the emphasis on endurance comes in. In 

addition to increasing the density of energy storage 

systems, there has been a recognized need for energy 

harvesting to provide long-term power replenishment. 

Energy harvesting is the technique of capturing and 

storing small amounts of ambient energy. Energy 

sources are traditionally solar, thermal, wind, or 

vibrationally driven. IQT has invested in several of 

these modalities, and carefully watches the space for 

additional breakthroughs. Solar energy continues to 

dominate due to the ubiquity of light in most situations 

and continued advances in photovoltaic materials. Solar 

energy also has the advantage of scale, in that the range 

of applications spans microwatt wristwatches through 

multi-kilowatt trailers. Nevertheless, solar energy 

harvesting has its challenges, including a susceptibility 

to weather and latitude influences as well as exhibiting 

a large visible footprint. 

Resiliency: Speedy recovery from problems

The concept of resiliency has seen a surge in popularity 

recently, with the concept being applied to everything 

from child psychology and environmental ecosystems 

to Internet security and natural disaster planning. Given 

the typical high consequence of failure for technologies 

deployed by the IC, resiliency has always been an 

important design concept. This need for resiliency 

drives an ethos and rigor of failsafe design and testing 

that far exceeds the requirement for most consumer 

devices. While historically cost has not been a primary 

User Need

Charge Controller
and Power

Management

Energy Generation

• Solar Panel
• Wind Turbines
• Fueled Gen Sets

    Energy Storage

• Pb-Acid Batteries
• Li, Li-ion Batteries
• Ni-MH Batteries

Figure 1  | Architecture of a deployable power system

Figure 2 | Garmin Forerunner 910XT GPS Heart Rate Monitor Specs

Analog or Digital Digital

GPS-enabled Yes

Number of waypoints 100

Altimeter Pressure-based

Compass No

Heart Rate Monitoring Yes, chest strap-based

3-axis accelerometer Yes

Exercise log Yes

Wireless links Yes

Backlight Yes

Stopwatch/countdown timer Yes

Water resistance Yes, 50 meters

Battery life 20 hours

Dimensions 2.4 x 2.1 x 0.6 inches
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Figure 3  | A sample requirements matrix

An IQT Tech Practice 
Perspective: 
Field Deployable 
Technologies

By Syd Ulvick

Power is required to operate nearly all technologies 

covered by the FDT Practice (and the other IQT 

Technology Practices as well). At first blush this is an 

obvious statement; however, the diversity of power 

requirements for FDT Practice technologies is very 

demanding, which adds a layer of complexity to the 

search for suitable solutions. In addition, many portable 

power approaches have until recently been limited  

by long-recognized constraints in chemistry and 

materials science, but significant advances are now 

being realized and there are a variety of emerging 

solutions to contemplate as a result. The FDT Practice  

is leveraging this deployable power revolution in 

support of its Intelligence Community partners. 

Consider solar power. Until recently, the term  

“solar power” conjured up images of large, rigid, 

unsightly boxy panels on a rooftop, with a maze of 

There are three Technology Practices within In-Q-Tel, 

each of which sources opportunities and transitions 

technologies within a set of focus areas. IQT’s 

power portfolio resides within the Field Deployable 

Technologies (FDT) Practice. While the FDT Practice 

covers a wide diversity of interests (threat detection, 

human and biological MASINT, autonomous platforms, 

optics, novel materials, and RF technologies, to name 

a few), power is unique in that it has enterprise-wide 

impact and applicability. 
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standard measures of performance. The middle of the 

chart captures which measured properties impact which 

goals. The top of the chart maps the correlation between 

properties (i.e., minimizing volume negatively correlates 

with increasing capacity). As illustrated, even a small 

set of goals quickly spirals into a very complicated set 

of interrelated property challenges. Without significant 

optimization across the span of property possibilities, 

solutions are highly unlikely to get deployed.

Deployable power has and will continue to provide the 
underpinnings of our modern digital dependencies, both 
for consumers as well as for the IC. The concepts of 
Mobility, Endurance, and Resiliency will foster innovation 
and integration in venture-backed companies, as well 
as in more established companies and the nation’s R&D 
complex. There will be no easy breakthroughs, however, 
and the progress made will rest on deep understanding 
of the myriad of underlying details. IQT will continue to 
keep deployable power “On Our Radar” until such time 
that "...we have a battery (and full system) that has more 
capacity than it has right now.”   

Dr. Frank DiMeo Jr. has been at IQT since 2007 and serves as Vice President, Systems Engineering. Prior to joining 
IQT, his research spanned several technology areas including semiconductors, MEMS gas sensors, nanotechnology, 
and related product development in both government and commercial organizations. DiMeo has 19 issued U.S. 
patents and has achieved R&D 100 recognition. He holds a Bachelors of Science and Engineering (with dual majors 
in materials science and electrical engineering) from the University of Pennsylvania, and a Ph.D. in Materials 
Science and Engineering from Northwestern University.

driver, the expected resource-constrained environment 

of the near future is going to challenge the IC to deliver 

the customary level of resiliency but on a foundation 

of commercial off-the-shelf (COTS) technologies. To 

achieve this, the IC will need to partner more closely 

with the producers of consumer power systems, and 

engage with greater depth from the beginning of the 

product development cycle. 

Tying it All Together

While the key top-level drivers of Mobility, Endurance, 

and Resiliency are easily stated goals and are readily 

relatable to consumer experiences, there is a litany of 

detailed technical specifications and measurements 

that roll up to realize those seemingly straightforward 

objectives. Figure 3 is a truncated example of a 

requirements matrix that illustrates the complexity 

of the trade space for a single component such as a 

secondary battery. On the left are the high-level goals of 

Mobility, Endurance, and Resiliency, with the added goals 

of Cost and Safety. Across the top are a small subset of 

complicated electronics residing within a homeowner’s 

basement. Today there are flexible solar energy 

fabrics emerging on the market with amazing energy 

conversion efficiency. 

Consider batteries. We all remember when a laptop 

would not last the length of a coast-to-coast flight on 

a commercial airline, and the concept of an electric 

car with a useable range was a dream. Advances in 

lithium-based chemistries have increased performance 

by remarkable bounds, which in turn are enabling new 

capabilities and market opportunities.

Consider fuel cells. Need a continuing power source in 

a place where you can’t recharge a battery? Need more 

power than is reasonable to expect from batteries due 

to the sheer number required? As with batteries, fuel 

cells have been around awhile. Also as with batteries, 

fuel cells have been undergoing a quiet revolution; 

portable units with useable power and reasonable  

fuel sources are now hitting the market.

As the FDT Practice continually streamlines its 

strategies to optimize mission impact for the 

Intelligence Community, a major consideration is 

portfolio maturity. Do we already have a robust 

portfolio in this sector? Yes; power has long been a 

key component in the IQT portfolio. Does it make sense 

to continue investing in this area? Going forward, the 

answer to this question remains: yes, absolutely.   

Dr. Syd Ulvick is In-Q-Tel’s Senior Vice President in 

charge of the Field Deployable Technologies Practice.
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A LOOK INSIDE: 
INNOVATIVE POWER 
TECHNOLOGIES

Next, Rich Kapusta updates readers on recent advances 
in solar technology and how they enable more efficient 
powering and use of UAVs, personal power for 
warfighters, transportable power, and self-powered 
sensors. He also explains how Alta Devices 
manufacturers energy efficient, thin, flexible solar 
material using gallium arsenide.

Finally, Paul Osenar and Nathan Palumbo present the 
delicate balance of the ever-increasing demand for 
more features and functionality in our devices and finite 
stored energy. This tradeoff is particularly acute in 
remote areas. Osenar and Palumbo discuss how 
advancements in efficient, safe fuel cells have allowed 
for a slow disruption of the market in critical niches.

Reliable, energy-efficient power will always be 
necessary, although new forms in which energy is 
collected, stored, and used will vary. Systems for 
deployable power must be prepared to operate 
successfully in unknown circumstances and remote 
locations. Ruggedized and varied options in deployable 
power systems, such as those featured in this issue of 
the IQT Quarterly, will allow users to be better equipped 
for even the most unpredictable conditions.    

Focusing on deployable solar-powered systems, Keyvan 

Vasefi describes the typical systems and challenges for 

collecting and storing energy and the steps that must go 

into integrating a successful deployable power system. In 

doing so he discusses advancements in solar modules, 

options for battery cell and pack technologies, and the 

integration of these elements with conversion and 

control modules into a single successful system.

T.A. Arunkumar and Simon C. Jones follow with a review 

of the structure of batteries and current primary and 

rechargeable battery types. In particular, they highlight 

the advantages of Contour Energy Systems’ lithium 

carbon monofluoride (Li/CFx) and lithium-ion batteries 

and the potential of lithium/air (Li/O2) and lithium/sulfur 

(Li/S) batteries.

In an interview with Kevin G. Gallagher of the Joint 

Center for Energy Storage Research (JCESR), we learn 

about JCESR's work in developing a battery prototype 

projected to be 1/5 the cost and 5x the energy density in 

five years. JCESR's unique structure as a large mission-

focused science team is also discussed. 

With the continued rise of power-hungry consumer devices and growing concern around 
natural disaster preparation, the ever-present field of deployable power is evolving as 
rapidly as ever. This area includes power components such as batteries, solar panels, and 
fuel cells as well as full systems, which combine energy collection, storage, and utilization. 
The articles in this edition of the IQT Quarterly consider advancements in these areas and 
their applications in the consumer and government markets.
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PROVEN DEPLOYABLE POWER SYSTEMS:  
CONSUMER-DRIVEN INNOVATION 
By Keyvan Vasefi

Although the scenarios above vary by location, they 

represent the universal need for power. In a world that 

relies so heavily on technology, deployable power 

systems have become an absolute necessity. Recent 

technology advances have made it possible to match 

these needs with equipment that can provide enough 

power; however, the most significant challenge is how  

to bring the most reliable and effective solutions 

together into a single accessible system. 

Both consumer and deployable power systems require 

three vital components: a way to harness and capture 

energy, devices to store that energy, and equipment  

to convert that stored energy into a usable output for 

multiple applications. Goal Zero has found success  

with easy-to-use, reliable solar-powered systems  

for consumers looking to keep their essential gear  

charged in remote environments. 

Collecting Energy

Methods of collecting energy typically fall into two 

categories based on the source of the selected energy: 

fuel-based sources or renewable sources. While 

fuel-based energy sources like traditional gas 

generators and fuel cells are the most energy dense,  

the need for storing and transporting fuel makes them 

difficult to use in deployable power systems. Most 

Just 160 km northeast of Kinshasa, the capital of the Democratic Republic of Congo, is a 

thriving village where LED light radiates from huts. In this village, children can read books and 

families can feel safe, even after the sun goes down.  ■  During his ascent of Mount Everest, 

a mountain climber charges his satellite phone so he can call his family at home to let them 

know he’s alive.  ■  On the east coast of the U.S., a makeshift medical center keeps life-saving 

medicines cold in a refrigerator — even after being without power for two weeks in the wake  

of a natural disaster. 
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renewable energy sources, including wind, geothermal, 

and hydro, are usually too difficult to harness using 

portable equipment and result in unreliable power.  

Solar energy is the exception to typical issues with 

renewable energy sources, and has become the primary 

source for deployable power systems. 

Most research on solar power focuses on the 

photovoltaic (PV) cell and module’s efficiency in 

collecting solar energy. The power density of solar 

irradiance depends on the distance that the light travels 

through the atmosphere, but according to the National 

Renewable Energy Laboratory (NREL), “PV module power 

ratings are for standard test conditions (STC) of 1,000 W/

m2 solar irradiance and 25°C PV module temperature.”1 

In other words, the average square meter of surface area 

under sunlight is being struck by 1000 watts of power. 

The purpose of a PV module is to capture as much of  

that energy as possible and convert it to electricity, and 

that ratio of captured power to available power is the 

efficiency rating of a given cell or module.

Research organizations all over the world have been 

working to maximize this rating and have achieved 

individual cell efficiencies as high as 44 percent, but  

the success of a deployable power system relies  

on the manufacturability of these cells, their cost, and 

the technology available to integrate many cells into 

modules with minimal power losses.2 Most readily 

available solar modules have efficiencies of between  

10 to 20 percent. Among the most common solar  

cell technologies are amorphous (low efficiency  

of 10 percent or less, but with a low price point), 

polycrystalline (decent efficiency of 15 percent), and 

monocrystalline (up to 20 percent efficient), with a 

number of promising new methods that are driving 

these numbers even higher. One manufacturer, Alta 

Devices, is developing a gallium arsenide-based cell that 

reaches up to 30 percent efficiency through a relatively 

cost-effective and robust manufacturing process, 

shrinking the size and weight of the solar modules for 

any potential application. 

On top of these advancements, modules are now 

designed to be ever more robust and portable. There are 

already portable modules in the marketplace that range 

from a few watts to over 100 watts, and designs which 

provide over 500 watts of power in a one-man-portable 

package will soon be in mass production. 

Goal Zero’s line of solar panels reflects a blend of 

portability, durability, and versatility. For an on-the-go 

consumer, lightweight Nomad panels attach easily to any 

backpack and utilize built-in junction boxes to quickly 

connect a variety of essential handheld devices. For 

consumers needing to power their gear day or night, all 

of Goal Zero’s solar panels connect directly to portable 

batteries to store the sun’s energy for later. These same 

plug-and-play consumer principles can be applied to 

military and intelligence operations, where applications 

that require multiple kilowatts of solar input can use 

one-man-portable panels for easy transport and 

installation when deploying to remote bases.

Storing Energy

Because of the expansive range of applications for 

deployable power systems, the success of a system 

relies heavily on the selection of the right type of energy 

storage system. Traditional lead-acid batteries are easy 

to manufacture, relatively safe and rugged, readily found 

in the marketplace, and are very cost effective. The 

energy density of a lead-acid battery, however, is a low 

30-50 Wh/kg.3 In comparison, a battery with lithium-

based chemistry will often have up to 150 Wh/kg. The 

result, as expected, is a much lighter battery pack for 

any given application. The concerns with these 

chemistries typically revolve around safety and cost. 

There are other common problems that affect all battery 

types. Most have a low cycle life that in turn requires 

high maintenance in applications that regularly charge 

and discharge the battery. Using the batteries in a 

backup role, on the other hand, can also diminish 

capacity as the battery naturally bleeds energy and  

its voltage drops too low. Most batteries also have a 

potentially prohibitive thermal coefficient rating, with 

performance taking a significant hit in extreme weather 

conditions. Ultimately, traditional battery technologies 
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Paired with solar, all of Goal Zero’s batteries give users 

unlimited hours of runtime and create a complete 

ecosystem of power for any consumer. 

System Integration: Bringing it 
all Together

The last component of a successful deployable power 

system is the system integration that brings all the 

other modules together into a single ecosystem that is 

easy to setup and use. From providing power for a 

warfighter on a mission to supplying backup electricity 

for equipment in a tactical operations center, a power 

system that actually works needs to integrate solar 

panels, batteries, and the conversion and control 

modules, and then present it in a way that easily and 

reliably addresses a fairly wide spectrum of problems.

Like many new, high tech devices, the usability of a 

deployable power system is the greatest driver for  

its success in any given market. The system must be 

easy to use — a stigma solar power has faced since its 

inception. Times have changed; the once tangled mess 

of wires, inverters, and charge controllers is now 

completely built into every system, making solar power 

systems truly plug-and-play. This type of system 

integration allows a central unit to pull in energy from 

solar panels, control different types and numbers of 

batteries, and provide outputs at the voltages that are 

most useful. 

As seen in the previous sections, when it comes to  

portable and deployable power, consumers have  

similar requirements to the military and intelligence 

have both inherent weaknesses and strengths, which 

make the selection of the ideal solution very application-

dependent and sometimes impossible.

Similar to solar cells, however, research and 

development has been ongoing with battery cell and 

pack technologies, allowing for better performing 

battery systems that are dynamic enough to be used  

in a variety of applications. One example is the evolution 

of lithium iron phosphate (LiFePO4 or LFP) chemistries. 

These batteries have high energy density like other 

lithium chemistries, but typically also have a much 

higher cycle life, lower thermal coefficients, and are 

safer due to the types of chemicals used in the cells. 

Although the technology is more expensive, improved 

manufacturing processes and adoption by various 

energy markets are helping make LFP cells increasingly 

accessible and a prime candidate for the battery module 

of a deployable power system.

Beyond the cell chemistry, cell and pack design has 

become an important area of improvement for energy 

storage systems. Intelligent protection and charge 

management circuitry that was once reserved for 

expensive and high-end devices is now readily available, 

from small overvoltage (OVP) and undervoltage (UVP) 

protection circuits built into individual cells to integrated 

battery management systems (BMS) handling multiple 

cells in a large pack. K2 Energy, a cell manufacturer in 

Henderson, Nevada, has designed a pack made up of LFP 

cells, with integrated cell protection and a package that 

operates at a system voltage of 12 V. In effect, this pack 

is a drop-in replacement for any typical lead-acid battery 

but with much higher energy density, life cycle rating, 

power output, and shelf life in a light and safe package. 

These packs are already in use in deployable power 

systems in consumer markets and their availability will 

prove to be a powerful driver of future growth.

Taking the guesswork out of the battery selection 

process is what makes Goal Zero’s systems so user 

friendly; consumers simply pick their scenario and the 

ideal battery technology is preselected. For someone 

looking to keep weight to a minimum, the company’s 

Sherpa 50 Recharger is built with a lithium battery, 

packed with 50 watt-hours of power capable of keeping 

phones, laptops, and DSLR camera batteries charged 

anywhere — and the entire package weighs less than a 

bottle of water. Consumers looking for superior backup 

power will find that the Goal Zero Yeti 1250 Solar 

Generator utilizes a long-lasting lead-acid battery and 

can run a full-size refrigerator for 12 hours without the 

noise, fumes, and gas of traditional backup generators. 
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equipment. These types of systems, used in year-round 
applications by consumers, can be deployed in a similar 
way for emergency vehicles or as part of a federal 
disaster relief response, relying on equipment that’s 
already proven in other markets. 

During the aftermath of Hurricane Sandy and the 
devastating tornados in Moore, Oklahoma, Goal Zero 
power systems were used by Team Rubicon, a disaster 
relief organization, to keep vital Palantir and Motorola 
communication gear charged. Team Rubicon’s success 
relies heavily on its ability to effectively communicate 
while in the field, where power should be a convenience, 
never a distraction.

With such an increased dependency on electronics in 
the field, deployable power systems are absolutely vital 
to the success of every mission. Using proven COTS 
products and looking forward to new innovation, in 
every area from solar and battery technologies to 
effective and usable systems integration, deployable 
power systems are already a success in consumer 
markets, providing a launching pad and path to adoption 
for military and intelligence applications.    

communities. For example, a photographer shooting in 

the field must sacrifice lightweight packs for heavy spare 

batteries to power cameras for the days and weeks on 

location. With a plug-and-play solar panel and battery 

system, that same photographer can leave the spare 

batteries behind and recharge quickly and easily from 

the sun. This spare battery dilemma begins to sound 

very similar to that of a warfighter. 

According to the Army Research Laboratory, soldiers  

on typical 72-hour missions in Afghanistan could carry 

up to 70 spare batteries per pack to power electronic 

equipment. It is estimated that the Army buys 200,000 

custom-designed batteries per year, spending roughly 

$10M on radio and communication equipment alone.4 

This can be offset by reducing the amount of single-use 

batteries in favor of lightweight, high-density 

rechargeable batteries that charge from solar panels 

attached to a pack. 

Another similar use case is a consumer with a cabin, 
tent, or RV. These small buildings or vehicles, which rely 
on off-grid power setups, need AC and DC power to run 
lights, communications, and critical home healthcare 

Times have changed; the once tangled 

mess of wires, inverters, and charge 

controllers is now completely built 

into every system, making solar 

power systems truly plug-and-play.

Keyvan Vasefi is a Senior Electrical Engineer and a member of the Engineering and Product Development Group 
at Goal Zero, LLC, an IQT portfolio company. He specializes in electrical design and development of solar, battery, 
and control systems for applications ranging from small portable electronics to high-powered deployable 
power systems. Vasefi has worked in the industry on SMPS and inverter power supply design, battery pack 
manufacturing, and precision welding systems, and is an inventor on three patents or applications. 
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In a primary (non-rechargeable) battery, these 
redox reactions are not reversible and the cell has 
to be discarded after the energy has been depleted. 
Conversely, in a secondary (rechargeable) battery, the 
redox reactions can be reversed by applying a charging 
current (in the reverse direction to the discharge 
current), and the cell can be used repeatedly. Batteries 
consist of three fundamental components: the anode 
(negative during discharge, where oxidation occurs), the 
cathode (positive, reduction), and the electrolyte (which 
permits the movement of ions to balance charges, but 
is not usually electronically conductive). The anode 
and cathode are kept from contacting each other by 
a porous, non-conductive separator material that 
allows passage of ions from the electrolyte, and these 
components are assembled to form an electrochemical 

Rapid technological advancement and growing environmental concerns have created 

enormous interest in the development of high capacity, safe, pollution-free portable power 

sources. In this regard, electrochemical power sources (e.g., batteries) are attractive, as 

they provide an efficient form of portable energy storage that should decrease dependence 

on fossil fuels and increase integration of renewable power sources. A battery is an energy 

storage device that directly converts the chemical energy of its constituent active materials 

into electrical energy by electrochemical oxidation-reduction (redox) reactions. 

NEXT-GENERATION PORTABLE POWER SOURCES: 
ADVANCES IN PRIMARY AND RECHARGEABLE 
BATTERY MATERIALS CHEMISTRY 
By T. A. Arunkumar and Simon C. Jones

cell, which can be further combined to form a battery 
(consisting of one or multiple cells).

Lithium Primary Batteries

Primary batteries targeted to the consumer market 
commonly contain zinc metal as the anode (e.g., dry 
cells and alkaline cells). These kinds of batteries 
are widely used in low-power applications such as 
flashlights, radios, and toys. Despite their safe and cost-
effective nature, consumer batteries do not provide 
the power and energy required for high-performance 
applications. In this regard, primary batteries containing 
lithium metal anode offer significant advantages, as 
lithium is the lightest of all metals, with a very high 
capacity per unit weight (also referred to as specific 
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capacity) and a highly negative reduction potential (2.3 
V below that of zinc). These properties, when coupled 
with suitable cathode and electrolyte materials, result in 
batteries with high specific energy and power.

Four material combinations dominate the $1.5B 
lithium primary battery market; of these the lithium 
sulfur dioxide (Li/SO2) battery often provides the best 
performance per unit cost. However, safety concerns 
(due to the SO2 cathode being a toxic liquid) limit their 
use primarily to military and aerospace applications. 
The U.S. Army developed the BA-5590 battery pack 
in the late 1970s, which consists of 10 Li/SO

2
 D-size 

cells. This pack is now the most common military 
battery in the world, and is used in over 50 applications 
including radio communications, surveillance, threat 
detection, and positioning systems. However, ever-
increasing energy demands require the development of 
smaller, lighter battery packs with higher energy and 
power for increased mission duration (in particular, for 
solider-carried uses) and decreased logistics burden. 
Consequently, the research community has recently 
pursued intense investigation of alternative chemistries, 

significantly Li/CFx (lithium carbon monofluoride). 

Traditionally, Li/CFx batteries offer excellent specific 

energy (due to the low mass of the CFx cathode) with 
good high temperature performance and shelf life (as 
this solid cathode material is very stable). Nevertheless, 
wide market penetration has not been achieved to date 

due to associated higher cost, limited power capability, 
and reduced low temperature performance.

Contour Energy’s Li/CFx Technology

Contour Energy has developed advanced Li/CFx 
batteries with a higher level of specific power and 
energy, ruggedness, safety, and extended life to lighten 
the load for critical applications. This chemistry packs 
twice the energy of existing alternatives, allowing the 
weight of comparable battery packs to be almost cut 

in half; alternatively, a Li/CFx battery of similar size 
and weight can almost double the available service 
life during missions (Figure 1). Moreover, these Li/

CFx batteries can be customized to achieve an optimal 
balance of energy and power. Although Contour's Li/

CFx technology addresses many of the traditional 
shortcomings of this chemistry, heat generation 
during cell discharge (more evident in larger battery 
packs) remains a challenge that could impede wide 
application to soldier-carried power sources. This has 
prompted the development of a "hybrid" Li/CFx-MnO2 
(manganese dioxide) technology that surmounts such 
heat generation issues, allowing for the development of 
a BA-5590 replacement battery pack with almost twice 
the run time, but with only a moderate rise in the pack 
weight and cost.

Lithium-Ion Rechargeable Batteries

The first commercial battery with recharge capability 
was the lead-acid battery. Although invented 
more than 150 years ago, its low cost and reliable 
performance have ensured a significant share of the 
>$20B rechargeable battery market for this chemistry. 
However, poor specific energy limits lead-acid use 
to applications where weight is not a major concern. 
Nickel-cadmium (Ni-Cd, 1970s) and nickel-metal hydride 
(Ni-MH, 1990s) chemistries offer improved specific 
energy and power, and these have historically enabled 
portable applications with ever-increasing capabilities. 
Today, Ni-MH is the chemistry of choice for hybrid 
electric vehicles and low-cost consumer applications 
and Ni-Cd still dominates the power tool market; part of 
the appeal is their use of aqueous electrolyte, which is 
both cost-effective and non-flammable. However, both 
of these chemistries have their challenges: the toxicity 
of Cd has led to Ni-Cd batteries being phased out in 
many parts of the world, and the high self-discharge 
rate of Ni-MH batteries render them unreliable in 
emergency situations. These issues, when coupled with 

Figure 1  |  Relative performance of different chemistries in a standard 

D-size cell, alongside Contour's CFx-containing pouch cells (top), D-cells 

(bottom), and BA-5590 format battery pack (right)



Vol. 5 No. 1 13IQT QUARTERLY SUMMER 2013

I Q T  Q U A R T E R L Y

Figure 2  |  Specific energy and energy density for commercially-available 

rechargeable batteries alongside theoretical values projected for the next 

generation of rechargeable chemistries (at the cell level)

an ever-growing need for lightweight power sources 
for power-hungry portable electronic applications, 
have led to the commercialization and rapid growth 
of lithium-based rechargeable batteries (so-called 
"lithium-ion," as they do not use lithium metal as an 
electrode due to safety concerns). Lithium-ion (Li-ion) 
batteries are now the portable power source of choice, 
as they offer significantly higher specific energy and 
power (more than 2x) than aqueous nickel chemistries, 
while requiring little maintenance. The first commercial 
Li-ion battery was introduced by the Sony Corporation in 
1990, and featured a carbon anode (typically graphite), 
a lithium cobalt oxide (LiCoO2) cathode, and a non-
aqueous electrolyte (commonly an organic solvent 
which is stable in the ~3-4 V operating range of these 
cells, unlike water, but has some challenges regarding 
volatility and flammability). The electrode materials both 
have a layered arrangement of their constituent atoms; 
redox reactions occur by an intercalation mechanism in 
which lithium ions are reversibly inserted and extracted 
between these layers without causing any significant 
change to the structure. Thus, during the charge-
discharge cycle the lithium ions are shuttled back  
and forth between the electrodes. 

Contour Energy offers a range of high-power Li-ion 
cells that combine improvements in electrode 
materials to create an advanced battery capable of 
meeting the extremely high power and long cycle 
requirements of high-drain hybrid electric vehicles, 
grid storage applications, and power tools. Our unique 
design enables a power cell that can be cycled under 
extremely demanding rates (faster than five minute 
full charge/discharge) at a range of temperatures 
(-30 to 50°C) more than 1000 times, providing up to 
10x the cycle performance of comparable cells under 
these conditions. Contour is also developing a new 
Nanocomposite Alloy Anode (using silicon rather than 
traditional carbon) that provides a pathway to higher 
capacity Li-ion batteries. We are currently scaling this 
material up to large quantities for sampling. Use of this 
material will enable Li-ion cells with up to 30 percent 
greater energy compared to conventional technologies 
with similar cycling performance, at a very moderate 
increase in the total materials cost.

Beyond Lithium-Ion

Recent interest in electric vehicle applications have set 
new demands on the design and performance of Li-ion 

batteries, and both industrial and academic sectors 
have focused considerable amounts of research to 
find alternatives that can handle the requirements 
of high energy and power, quick recharge times, and 
safe operation at different ambient temperatures. 
Despite recent advances, the best that most likely can 
be achieved with Li-ion chemistry is a doubling of the 
current specific energy, which may not be sufficient 
for the long-term requirements of new markets. For 
example, projected developments are unlikely to deliver 
a 300-mile driving range on a single charge, which is 
considered essential for widespread commercialization. 
To go beyond Li-ion batteries requires the "blue-sky" 
exploration of new chemistries, and two systems that 
are receiving intense interest are rechargeable lithium/
air (Li/O2) and lithium/sulfur (Li/S) batteries. Neither 
of these has yet been commercialized outside of 
niche markets, as both face significant challenges for 
practical application.

The Li/S battery has a lithium metal anode, a sulfur-
based cathode, and a non-aqueous or solid-state 
electrolyte. During discharge, the lithium is oxidized to 
form lithium ions and the sulfur cathode is reduced to 

various polysulfides (Sx
n-) that combine with the lithium 

ions to form Li2S. The cell typically exhibits a modest 
running voltage of 2 V, which is more than compensated 
for by the high capacity of the sulfur cathode (the 
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highest value of all known solid cathode materials). 
This large capacity, together with sulfur’s high natural 
abundance and non-toxic nature, means Li/S batteries 
could provide significant improvements in specific 
energy at a lower cost compared to conventional Li-ion 
batteries. However, after decades of development, Li/S 
batteries have yet to achieve mass commercialization 
because of problems inherent to the cell chemistry. 
These include the solubility of polysulfides in the 
electrolyte (which gives rise to a mechanism for rapid 
capacity fade), poor cycle life and limited rate capability 
(arising from the insulating nature of sulfur and its 
discharge products), and safety and performance 
issues inherent to a lithium metal anode. These 
concerns may be addressed, in part, by use of a solid-
state electrolyte; however, this approach presents 
manufacturing challenges and may limit the cell only  
to low rate operation.

In a Li/O2 cell, lithium metal is used as the anode with 
oxygen, formally as the cathode material; in practice this 
requires a porous, catalyst-loaded carbon substrate in 
contact with air as the cathode. During discharge around 
2.5 V, lithium undergoes oxidation while oxygen from 
the air enters this porous electrode, dissolves in the 
electrolyte within the pores, and eventually gets reduced 
at the carbon substrate where it combines with lithium 
ions. The product of reduction depends on the type of 
electrolyte used. If an organic electrolyte is employed, 
lithium peroxide is the final discharge product, and the 
process can be reversed upon charging. In the case 
of an aqueous electrolyte, water is also consumed 
in the discharge reaction to form lithium hydroxide, 
and the reaction is less reversible. In theory, Li/O2 
batteries could provide an energy source for electric 
vehicles with a specific energy rivaling gasoline (>12 
kW/kg). However, there are numerous challenges that 
must be overcome before performance approaches 
anything close to this number in reality, including the 
development of porous cathodes with optimized pore 

size, pore distribution, and catalyst loading; discovery 
of electrolyte systems that exhibit improved capacity 
retention and cycling efficiency; fabrication of gas-
permeable membranes that selectively allow oxygen to 
and from the cathode under challenging environmental 
conditions (e.g., under water); and improvement of the 
cycling stability of the lithium metal anode.

In this regard, the new Fluoride Ion Battery (FIB) 
technology under development at Contour offers a 
lithium-free rechargeable battery system that may 
overcome issues inherent to lithium-based systems.  
In this chemistry, during charge-discharge cycles 
fluoride ions are reversibly exchanged between the 
cathode and anode through a fluoride-ion conducting 
electrolyte (as previously demonstrated in the research 
community for solid-state low power, high temperature 
batteries). A wide range of multivalent metals and metal 
fluorides can be used as electrode materials, giving 
rise to battery systems with specific energies that rival 
advanced lithium systems. Recent efforts at Contour 
have targeted fluoride-ion conducting electrolytes that 
are stable towards the high voltage electrode materials 
while being liquid at room temperature. Ongoing 
development is focused on integrating these electrolytes 
to give high capacity cells that can operate with good 
power capability at room temperature, as required 
for the majority of applications in the consumer, 
transportation, industrial, and intelligence markets.

Society's growing desire for increased mobile digital 
capability coupled with a recognized need to improve the 
management of energy resources will act together to 
keep battery technology front and center in technology 
development discussions. While the evolution of battery 
technology has been impressive, in particular when it 
comes to lithium-based chemistry, it is not too early to 
start thinking about capabilities beyond lithium. Although 
there are several exciting possibilities, Contour believes 
FIB technology holds tremendous promise despite its 
significant challenges.    

Dr. T. A. Arunkumar is currently a Research Scientist at Contour Energy Systems, an IQT portfolio company 
based in Azusa, CA, focused on the commercialization of advanced electrochemical materials and battery 
systems. Arunkumar received his Ph.D. in Materials Science and Engineering from the University of Texas at 
Austin. He has been actively involved in lithium battery R&D for over ten years in the synthesis, characterization, 
and electrochemical analysis of various cathode, anode, and electrolyte materials for advanced lithium batteries. 
 
Dr. Simon C. Jones received his Master’s Degree and D. Phil. in Chemistry from the University of Oxford, UK.  
He currently serves as VP, Technology at Contour Energy Systems.



Vol. 5 No. 1 15IQT QUARTERLY SUMMER 2013

I Q T  Q U A R T E R L Y

What about our current state of technology 
development makes this the right time for JCESR 
to focus on energy storage?

Energy is obviously a huge challenge facing our country. 

Many factors — environmental security, economic 

competitiveness, energy security — require us to 

reevaluate how we use energy. The Hubs are a well-timed 

approach to shake up the research world and get them 

focused on solving problems. Labs often focus on issues 

without focusing on context. If we’re really concerned 

about solving problems, we need to understand what  

the problem is and how it exists in the real world. 

Why is now the time for the Batteries Hub and taking a 

basic sciences approach to battery research? The last 

ten years have seen huge advances in computation as 

well as in situ characterization. These advances allow 

you to use a microscope or x-ray source to look at 

atomic-level processes to understand and control the 

reactions that occur within a battery. This is the first time 

in our history that we can take that “atoms to electrodes” 

type of approach. “Atoms to electrodes” refers to 

understanding things from the smallest building block 

and putting the pieces together in a way that you can 

harness energy and make controlled advancements. 

The Joint Center for Energy Storage Research 
is a relatively young initiative. Can you give us 
some background on JCESR?

JCESR (pronounced “J-Caesar”) is the Batteries and 

Energy Storage Hub initiated in 2012 by the Department 

of Energy and managed through the Basic Energy 

Sciences program. The DoE’s Energy Innovation Hubs 

are modeled after successful, large, mission-focused 

science and research teams, such as those used in the 

Manhattan Project and at Bell Labs. While Hubs like 

JCESR do not operate with the same scale of investment 

as these projects, we do use the same model of pulling 

together all the tools, resources, and people necessary 

to address a single problem. In JCESR’s case, this 

problem is identifying breakthrough energy storage 

technologies, but there are also Hubs creating the 

artificial leaf, enhancing building efficiency, and finding 

technological solutions to rare earth materials, among 

others. These projects tend to receive around $25M per 

year and are funded for five years (as is the case for 

JCESR), which helps attract top researchers — from 

scientists to engineers — to collaborate together on 

the problem at hand rather than working individually in 

their own labs. 

SETTING REACH 
GOALS IN 
ENERGY STORAGE 
DEVELOPMENT 
An IQT Interview with Kevin G. Gallagher

In a recent interview with IQT, Kevin 

G. Gallagher, Principle Investigator for 

Systems Analysis and Translation in the 

Joint Center for Energy Storage Research 

(JCESR), discussed the crucial role that 

large interdisciplinary teams play within 

JCESR, the Department of Energy’s Batteries 

and Energy Storage Hub. He also offered 

insight into the goals that JCESR has set 

in developing a powerful prototype battery 

over the course of the five-year project.
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are to put those two groups of people together on the 

same team to help build a prototype. We’re combining 

the fundamental knowledge of scientists with that of 

the engineers who build the batteries. We think putting 

those two kinds of people together and helping them 

get through their language barriers is where the magic 

happens. This kind of collaboration is going to shorten 

the amount of time it takes to create a prototype 

because the fundamental knowledge of the scientist 

doesn’t have to be transferred to the engineer operating 

in a separate environment. Likewise, the scientist learns 

from the engineer the practical challenges and new 

focuses they need to take. Interdisciplinary teams will 

be the special sauce. 

As I mentioned earlier, this approach has been used 

previously, as in the case of Bell Labs, but most industries 

have had to slash R&D budgets to meet quarterly profit 

demands. These large, mission-focused science teams 

disappeared with the budget. The future of development 

will be in the effort to move back towards group science, 

employing big teams to solve big problems. 

What kind of metrics does JCESR have?

In addition to the milestones and internal metrics that 

any organization has, we have three legacies we’re 

working towards. These are softer metrics — you 

can’t necessarily quantify them. Everything from the 

number of prototypes, publications, patents, licensed 

patents, and startups created go into a metric used to 

define success. One of our legacies is understanding 

the fundamentals of how energy is stored in electrodes 

at the level of atoms and molecules. Another legacy is 

the new paradigm coupling the previous team science 

approaches with new capabilities in characterization, 

computation, and synthesis. This new paradigm is 

mission-focused to deliver prototypes directed toward 

the 5-5-5 goal (the last legacy), which I believe we’re 

already beginning to accomplish with the creation of  

our interdisciplinary teams.

Tell us about the JCESR Grand Challenge Battery 
Science and Characterization (SciChar) Workshop.

The Grand Challenge Workshop was organized in 

May 2013 as a way to focus the energy storage 

research community on understanding not only what 

the main scientific challenges are in this area, but 

more importantly, what new characterization tools 

we can develop to understand and then overcome 

those challenges. That was the first time JCESR 

Can you tell us about JCESR’s 5-5-5 goal  
and the prototype you’re working on?

From the beginning, JCESR set the audacious goals that 

we believe are necessary to make an impact. We said 

we wanted to demonstrate a prototype battery that is 

projected to be 1/5 the cost and 5x the energy density 

in five years. As of mid-2013, we’re seven months into 

the project and have another 4½ years to go in creating 

our prototype. Our approach has been to select very 

high risk, potentially high reward chemistries to the 

point that we will be inventing new battery technologies. 

Rather than duplicate work that’s already being funded, 

we’ve chosen to work on new chemistries that we think 

have the potential to be game changers.

Our goal is to make prototypes applicable to 

transportation and grid storage. We have different 

goals for each of these projects. As I said, these goals 

are audacious but they’re not impossible. Goals should 

be a stretch and should be hard to achieve, but within 

the realm of possibility. We designed these goals by 

consulting our industrial partners and publications, 

and we’re confident in our ability to achieve them over 

the next few years. I believe setting these goals that 

challenge us to focus on high risk, potentially high 

reward technologies is what will set JCESR apart from 

other research efforts. 

Can you tell us more about the industry partners, 
and how they contribute to your efforts?

Our four industry partners are crucial in helping us 

understand the needs of the end user, the customer, 

as well as the realities of making a product. Together 

they represent the entire value chain. Three of those 

companies make things: Dow Chemical represents 

the materials part of the chain; Applied Materials 

represents manufacturing, and Johnson Controls is a 

massive battery producer. The fourth partner is a non-

profit group interested in creating startups — the Clean 

Energy Trust. They’ve created a Venture Advisory Council 

for us. These groups allow us to look at innovation 

through both large industrial corporations as well as 

startups. Having them engaged is critical to taking an 

intelligent approach to solving these problems.

Let’s return to the JCESR team. How is it 
designed to achieve these audacious goals?

Generally when we think about how development 

works, industry tends to be very applied. Universities 

are very basic. The approaches we’re taking at JCESR 
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In this important space, what do you see as the 
future of energy beyond lithium ion?

Perhaps some of the most unique chemistries we have 

looked at so far are multivalent storage concepts. The 

advantage there is that on the first site you can have 

two charges per atom (lithium ion allows a single 

charge per atom, making it monovalent). There are 

other subtleties to multivalent concepts as well. Another 

advantage is that you might be able to use a solid metal 

negative electrode in a multivalent storage technology. 

If your electrode is only active materials, you’re working 

towards creating the most energy dense way to store 

electrons and ions. Right now in a Li-ion battery, you 

have a lot of host materials that shuttle energy back and 

forth. These host materials have mass, take up space, 

and are costly. If you can get away from that so that the 

active materials represent the majority of the battery, 

you’ll have more energy, less space, and less cost.    

organized a workshop and the event highlights an 

important point. JCESR is one part of a large research 

community that is searching to understand and 

overcome very fundamental challenges related to 

electrochemical energy storage. JCESR seeks to help 

catalyze interactions between these various groups of 

researchers in any way we can to help solve these very 

important problems. 

JCESR brings in strong, established experts to 
contribute to the team — are you also grooming 
the next generation?

Absolutely. The grad students and post docs here are 

the work horses of the Center, whether at one of our five 

National Labs or five universities. Those young minds 

are contributing in huge ways to help us solve these 

problems. We also have plans to do more organized 

outreach at the high school level.

Dr. Kevin G. Gallagher is the Principle Investigator for Systems Analysis and Translation in the Joint Center for 
Energy Storage Research (the DOE-BES Batteries and Energy Storage Hub) and an electrochemical engineer in 
the Chemical Science and Engineering Division at Argonne National Laboratory. His work has focused on techno-
economic and continuum-scale modeling, electrochemical characterization, and materials development in advanced 
and beyond lithium-ion systems. He is a co-creator of the freely available bottom-up Battery Performance and Cost 
model (BatPaC) that has been used to support the 2017-2025 GHG and CAFE regulations for light duty vehicles. 
Gallagher received his Ph.D. in Chemical & Biomolecular Engineering from the Georgia Institute of Technology and 
his BS in Chemical Engineering from the University of Michigan. In between undergraduate and graduate school,  
he was a process engineer at a leading consumer products company.

Engaging customers through apps 

on their smartphones and tablets 

creates a personalized experience, 

helps customers interpret their own 

data, and entices them to continue 

using their connected gadgets.

Rather than duplicate work that's 

already being funded, we've chosen 

to work on new chemistries that  

we think have the potential to be 

game changers.
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A VERY BRIGHT FUTURE FOR DEPLOYABLE POWER 
By Rich Kapusta

UAVs

Let’s start in the air. Our warfighters are relying 
more and more each day on small battery-powered 
unmanned aerial vehicles for communications and 
surveillance in the field. Thousands of these aircraft 
provide critical situational knowledge and can be the 
lifeline of a forward-operating soldier. These battery-
powered electric aircraft are small, which means that 
their energy source must also be small. Most of these 
UAVs can stay in the air for about an hour, and then 
need to be retrieved, recharged, and re-launched. This 
constant cycle poses risks for damage to the aircraft, 
and more importantly, risks the lives of those retrieving 
them. But in the very near future, these aircraft will 
begin to incorporate a new solar technology, embedding 
a thin, flexible, and highly efficient material directly 
into the wing structure of the planes, allowing them to 
fly persistently as long as the sun is shining. The more 
power that can be generated from the fixed surface 
area of the wings, for the least amount of weight, the 
longer the planes will fly. 

Recent advances in technology have created a thirst for power like never before. Access 
to energy when and where you need it is one of today’s biggest challenges. The idea of 
harvesting energy from the world around us is one that holds great promise, but has yet 
to be completely realized. The good news is that recent advances in solar technology are 
making big strides in bridging this gap and enabling a multitude of new applications on the 
battlefield, at work, and at play. 

Solar technologies have been around for decades, and 
the use of solar power by the defense and intelligence 
communities is on a very steep adoption curve. The 
primary driver is to reduce reliance on diesel fuel, and to 
diminish the massive effort required to re-supply fuel to 
military installations around the globe. 

Today’s glass-mounted solar panels work marginally well 
when you are powering a large military base in a fixed 
location with plenty of area for the panels to be deployed. 
But the future of deployable power comes in an entirely 
different form factor: thin, flexible, and extremely efficient 
sheets of solar fabric designed to be carried, worn, or 
embedded into an array of other materials and electronic 
systems. This film-like material has already demonstrated 
efficiency of over 30 percent, with a roadmap to continue 
well beyond that, and is made from minute amounts of 
high purity single crystalline gallium arsenide (GaAs). 
This is two to three times the energy density of all other 
solar thin films. The possibilities that emerge from having 
access to a material that can be made into any size or 
shape, can generate more than 250W of electricity per 
square meter of surface area, and has a power to weight 
ratio of 1 watt per gram are numerous. 



Vol. 5 No. 1 19IQT QUARTERLY SUMMER 2013

I Q T  Q U A R T E R L Y

Alta Devices, the manufacturer of this new solar 
technology, is already working with a number of UAV 
manufacturers to incorporate this energy source. 
Enough power can now be generated from direct 
sunlight to keep the on-board battery fully charged 
during daytime flight. Instead of a small UAV flying for 
only an hour, it can be launched in the morning and 
retrieved after sunset. This changes the way UAVs will 
be utilized in the future and will reduce the human risks 
associated with these operations.

Personal Power 

A typical dismounted soldier carries about 100 pounds 
of gear. When speed and agility correlate directly to 
effectiveness and safety, every pound of excess pack 
weight matters. A large percentage of this weight is 
in batteries used to power all of the electronic gear 
used by today’s soldier. And before the batteries are 
discharged, the soldier needs to return to base in order 
to get re-supplied, or supplies need to be brought to him 
or her. This limits the scope and duration of any mission. 
Solar charging solutions and rechargeable batteries offer 
potential alternatives, but if the solar material is too big or 
bulky and doesn’t produce enough power, it doesn’t solve 
the problem. However, thin, flexible, and highly efficient 
materials can significantly improve the effectiveness of 
our foot soldiers. With even a small amount of power 
available in a small, foldable, and lightweight package, 
tens of pounds of pack weight can be shed, and warfighter 
effectiveness increased significantly. 

With the energy density of Alta Devices’ GaAs-based 
material, it becomes feasible to carry hundreds of 

watts of personal power, enabling the availability 
of more powerful soldier electronics in the future. 
This technology multiplies the effectiveness of the 
dismounted soldier, and provides unlimited charge 
regardless of the duration of the mission, never 
having to worry about running out of power for critical 
pieces of equipment in the field. The flexible nature of 
the material itself allows it to be woven into fabrics 
of backpacks, integrated into helmets, and worn as 
clothing when necessary.

Transportable Power

If a small platoon of soldiers plans to set up a temporary 
camp in a remote location, a few kilowatts of power 
becomes necessary. The ability to quickly set up 
solar panels to power such a base is mission-critical. 
However, today’s solutions are bulky, heavy, require 
multiple trucks to move from one location to another, 
and take time to mount and connect. Highly efficient, 
thin, and lightweight solar material will enable small 
battalions to relocate extremely efficiently. Solar arrays 
with multiple kilowatts of power can be transported in 

Figure 2 | Solar cell manufacturing process

Figure 1 | Alta Devices' thin solar charging mats
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a densely packed form in a single vehicle and unfolded, 
mounted, and connected in minutes. Solar fabrics 
integrated into tents and tarps will also be a critical 
component of a forward-operating base power. At a 
power-to-weight ratio of 1,000 watts per kg, and with 
an energy density of over 250 watts per square meter, 
being able to deploy significant amounts of power on the 
fly will be a substantive advantage for our military.

Self-Powered Sensors

At the other end of the spectrum, there is a need 
for meaningful amounts of energy to be generated 
in tiny footprints. These would be used to power a 
multitude of wireless sensors deployed anywhere 
they are needed, without the need to ever replace 
the batteries. Accomplishing this requires a solar 
material with sufficient energy density that is thin 
enough to “disappear” into the device it needs to 
power. With the new generation of solar technology 
being commercialized, this is now possible. Wireless 
sensor applications include border patrol, pipeline 
management, security, and weather monitoring. 
Furthermore, this technology can also be embedded 
directly into the electronic gear used by soldiers. 
Imagine range finders with a small solar cell on top, 
or a sniper scope with a strip of solar cells on the side. 
Anything that is battery-powered can incorporate the 
cells directly into the device itself. Thin, flexible solar 
cells, providing nearly 30mW of power per square 
centimeter from the sun, become yet another critical 
tool in our arsenal of defense capabilities.

How Is It Done? 

The concept is simple: start with GaAs, a material with 
notable solar properties that has been used to power 
spacecraft for decades, and create a manufacturing 
process using tiny amounts of the material, making 
it commercially viable and affordable for terrestrial 
applications. The fabrication process starts with a 
standard 4-inch square GaAs wafer. This reusable 

substrate is introduced into a metal-organic chemical 
vapor deposition (MOCVD) chamber. A buffer layer of GaAs 
material is grown first, followed by a thin release layer 
of aluminum arsenide, on top of which the photovoltaic 
device structure is grown. The solar absorber stack can 
be grown with one, two, or more junctions to tailor the 
device to its application. A back contact metal layer is 
then deposited and this metal-on-semiconductor stack is 
attached to a flexible handle using an adhesive.

The handle-metal-semiconductor stack is then 
introduced to a bath of aqueous acid. The acid etches 
the release layer, separating the wafer and leaving 
the remainder of the device intact. The etch leaves 
a semiconductor thin-film supported by the back 
metal composite and flexible handle ready for further 
processing. Front metallization is deposited using a 
plating process. An anti-reflective coating (ARC) is 
applied and the device is laser cut into cells to complete 
the process. The resulting cells are roughly 10cm2 in 
size and can be used individually or connected into 
sheets of custom sizes and shapes and assembled into 
mats, blankets, tarps, or integrated into any product that 
needs energy from light.

The energy density advantage is just one benefit of this 
technology. Due to the high voltage and small size of 
the cells, more voltage can be built in smaller areas, 
allowing the solar output voltage to quickly reach the 
bus voltage of the system and minimize demands on 
matching electronics. The use of shingling to electrically 
interconnect the cells minimizes the impact of partial 
shading without additional electrical circuitry. And, GaAs 
material has a significantly lower thermal coefficient 
than silicon (0.08 percent degradation/°C compared to 
0.4 percent/°C for silicon), maintaining maximum output 
even under extremely high operating environments. 
Finally, the material is extremely sensitive to low light, 
making it well-suited for indoor as well as outdoor use.

With recent advances by Alta Devices, solar technology 
is not just for bulky, rigid, glass-based panels anymore. 
The future of deployable power lies in embedding high 
efficiency, thin, and flexible solar material into everything 
that has a battery, and being able to carry and transport 
large amounts of solar energy generation quickly and 
easily. We are on the verge of being able to deploy 
solar power everywhere it is needed, diminishing our 
dependence on diesel fuel, and ultimately saving money, 
supporting the environment, and protecting lives.    

Rich Kapusta is the Vice President of Marketing for Alta Devices. Kapusta has over 20 years of experience in the 
semiconductor and solar industries, ranging from large public companies to startups. He has six patents and 
holds a computer engineering degree from the University of Illinois, Urbana-Champaign.

Figure 3 | Thin, flexible Alta Devices solar sheet
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At an average cost of $0.0982 per kilowatt hour (kWhr), 

one could be forgiven for taking this resource for 

granted.1,2 Unfortunately, this abundance of energy does 

not exist once we sever the cord to the grid, and we are 

quickly reduced to running from plug to plug in an effort 

to keep our paltry batteries from running out of energy. 

Who among us has not worried if there was enough 

energy left in the cell phone to finish a crucial call? Now 

imagine you’re trying to keep a FLIR camera up in a 

remote hostile site or relying on a ventilator to keep a 

wounded soldier alive. Both require orders of magnitude 

more power than a cell phone and at much higher 

stakes. Power is no longer a luxury but a necessity in 

most dismounted operations.

Our portable devices have become steadily more 

useful over the past decades despite the limitations 

in batteries. Although these improvements are partly 

attributable to improvements in battery energy density, 

they are mostly the result of massive investments 

in the hardware and software within these devices 

designed to get more utility from every increment of 

energy stored. Perhaps one of the most pressing tasks 

for the portable device product designer is the balance 

between features and functionality and available 

stored energy. Battery energy storage will continue to 

improve, but our demand for more functionality in our 

portable devices will also increase. Fortunately, we 

are well-trained to recharge our everyday devices at 

regular intervals.

The energy-feature tradeoff becomes particularly acute 

when it is no longer feasible to plug devices into a 

larger energy source on a frequent basis. Applications 

in remote areas with limited energy infrastructure, 

military operations, and systems that require backup 

when the grid is not available are all hampered 

by energy storage technologies. This deficiency is 

particularly problematic in the military domain, given 

the growing number and complexity of the electronics 

borne by today’s advanced militaries. As in our personal 

lives, the battlefield has become an increasingly 

‘digitized’ arena with a dramatic upswing in devices 

and capabilities. Historically, military operations have 

relied on expensive primary batteries for dismounted 

operations and heavy fueled engines for everything 

else. The logistic burden of this model is mounting 

given the proliferation of new electronic devices, both in 

terms of weight on the individual soldier, as well as the 

dedicated supply lines that are needed to move energy 

over the battlefield. 

Outside the military arena, we observe a similar 

phenomenon. The need to keep critical infrastructure 

running through temporary disruption of the energy 

grid is mounting as we come to rely on interconnected 

communications for safety and for business. 

Power and energy have become hot topics 

in many circles over the last decade. At the 

large scale, we have become accustomed 

to the utility grid that can provide power for 

any task in almost limitless quantities for all 

sorts of useful work, comfort, and frivolity. 

Although we rightfully worry about the 

stability and impact of our energy grid, most 

people do not think about the cost of energy 

as they plug in various devices. 

THE REVOLUTION IN 
PORTABLE POWER 
By Paul Osenar and Nathan Palumbo 

Protonex M300 fuel cell portable power system in use
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Traditionally, smaller infrastructure has been backed 

up with banks of batteries, most typically old-style 

lead-acid batteries. Large infrastructure is often sited 

with large diesel generators and the associated cost 

and maintenance requirements. There is a growing 

interest by the general populace and the emergency 

management community to provide for more robust 

backup of our critical infrastructure and ensure its 

operation during frequent outages. 

The energy problem is most critical in applications 

that do not have access to a stable grid under any 

circumstances, such as remote locations in the 

developed world and much of the developing world. In 

these areas, solar-battery systems and generators are 

employed if the need is great enough, but costs have 

been historically high in comparison to energy from 

the grid. The advent of more cost-effective solar panels 

is starting to open up more opportunities for remote 

power, but is still limited by the battery storage required 

for operation when the sun in not shining.

The Potential of Fuel Cells

Fuel cells have the potential to remake the energy 

landscape. These devices allow the ‘direct’ conversion 

of chemical energy into electricity with the potential 

for much higher efficiency than traditional small-scale 

engine systems. Because they can tap the stored energy 

in chemical fuels, they can improve on the energy 

density of batteries by a very large margin (3-10 times 

current batteries).3

Anyone who has followed the fuel cell industry may 

note that it has been a long time coming. This is typical 

for a disruptive technology, as the barriers imposed by 

incumbent technologies are very difficult to overcome. 

The initial cost of fuel cell systems versus incumbent 

technologies is often cited as the main barrier to 

widespread adoption. In addition, many fuel cell efforts 

have focused on competing directly with the incumbent 

technologies in applications for which the incumbent is 

well-suited. Displacing the internal combustion engine 

in automobiles, for example, is an ambitious technical 

challenge as well as an enormous cost challenge given 

the cumulative investment in manufacturing internal 

combustion engines at volume.

Power Domains

Protonex has been working to commercialize fuel 

cell technology since 2000, specifically focusing on 

applications that are underserved by the incumbent 

technologies. Specifically, we believe laptops, cells 

phones, and other devices of that size are fairly well 

served by battery technology and that is not likely to 

change in the short term. Similarly, the current price 

of internal combustion engines make them attractive 

for most applications over 1 kilowatt. However, internal 

combustion engines do not dominate applications 

under 1kW, because the maintenance, emissions, and 

efficiency are more troublesome for smaller engines. 

There are a number of interesting applications in 

between, where fuel cell technology can provide real 

Fuel cells are 
competitive here 

for some 
applications 
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value in the short term (see Figure 1). Specifically, 

portable, remote, and backup applications in the 100-

1000 watt domain are good near-term applications for 

fuel cell technology. Once established in these markets, 

the inherent attributes of fuel cell systems may well 

allow the displacement of incumbent technologies, but 

the beachhead must first be established. 

Fuel Cells vs. Batteries —  
Operation and Safety

A fuel cell is an electrochemical device, like a battery, 

in which electricity can be produced directly from the 

chemical energy of the reactants (see Figure 2). In 

the case of a battery, both the anode and cathode are 

contained within the device. The reaction within a fuel 

cell is much the same as a battery, but the reactants 

are not stored within the device. Like a traditional 

generator, the fuel is stored in a tank that can vary in 

size according to the application needs. In addition, since 

air is typically used for the cathode side of the reaction 

it need not be stored. As a result, a fuel cell system 

can store more energy per unit weight or volume than 

batteries in most instances. Another added benefit of 

the fuel cell is in the safety of the device as compared 

to advanced batteries. As battery performance gets 

better, the storage of high energy reactants within the 

same enclosure can lead to spectacular failures if the 

operating temperature is exceeded or reactants mix in 

an uncontrolled way. 

Fuels

One of the most pressing issues for fuel cells is the 

anode fuel required. Traditional low temperature Proton 

Exchange Membranes (PEM) require very pure hydrogen 

to run effectively. With pure hydrogen, the performance 

of fuel cells can lead to dramatic improvements over 

battery systems. For example, the Naval Research 

Laboratory demonstrated a 48-hour flight of a small 

UAV based on liquid hydrogen and a Protonex fuel cell 

power plant, demonstrating over 10x the performance 

of an equivalent weight battery.4 Pure hydrogen is 

available industrially but it is not a convenient fuel 

since it is typically stored at high pressure. Protonex 

has pioneered the use of other fuels with a strategy of 

making hydrogen directly within the fuel cell system.

Examples include the use of a chemical hydride 

cartridge that can provide hydrogen to the PEM system 

for applications including small unmanned systems.5 

Cartridges resemble a printer toner cartridge in size and 

fabrication and can provide hydrogen ‘on demand’ to the 

fuel cell system, allowing any power output required. 

At the end of the mission they need to be replaced 

like a disposable battery. Another example is the use 

of methanol to store hydrogen, as it can be really 

reformed into a stream of hydrogen with the appropriate 

subsystem. Methanol is widely used in industry and 

has favorable safety, storage, and energy density 

characteristics. Methanol-fueled systems are used in 

industrial applications like telecom backup. Protonex 
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Dr. Paul Osenar is CEO of Protonex Technology Corporation, focused on commercializing fuel cell and power 
management technology. Osenar founded Protonex in 2000 and served as the company’s Chief Technical Officer 
until 2010, when he became CEO. Osenar has had primary responsibility for the technical direction of Protonex 
since its inception and has been a direct participant in the company’s corporate strategy creation, financing efforts 
(including a 2006 IPO), product development efforts, manufacturing scale-up, and partner negotiations. Osenar 
received a B.S. from Cornell University and a Ph.D. in Materials Science from the University of Illinois. 
 
Nathan Palumbo is the Director of Mechanical and Systems Engineering at Protonex, where he is responsible for all 
Fuel Cell Systems Product Development. Prior to joining Protonex, he held positions at NASA Dryden Flight Research 
Center, Gentex Corporation, and University of Tennessee Space Institute. Palumbo holds a B.S. from Penn State and 
an M.S. from Purdue University in Mechanical Engineering. He has authored several NASA technical memos and 
holds several patents in fuel cell design. He is a member of the Experimental Aircraft Association and has built and 
flown his own personal aircraft.

customers have employed our portable methanol-fueled 

systems in a variety of military applications where 

traditional battery systems limited critical mission 

times. One example is the installation of the M300 fuel 

cell onto Special Operations vehicles as an auxiliary 

power unit that allows the vehicle to sit quietly for 

an indefinite period, running all the communications, 

surveillance, and weapons systems without idling the 

main engine.  

One of the main limitations to traditional PEM fuel cell 

systems is their lack of compatibility with commonly 

available fuels (hydrocarbons like propane, gasoline,  

and diesel). Technically it is possible to convert 

hydrocarbon fuels into pure hydrogen to run a PEM 

system, but the reformer subsystems are typically too 

cumbersome for lower power applications. 

Since we do not yet have a hydrogen economy to 

enable mass adoption of PEM systems, a major area 

for research and development in fuel cells is around 

solid oxide fuel cells (SOFC). The general operation 

of the SOFC is no different than the low temperature 

PEM systems described above, with the exception 

of operating temperature. Typically SOFC systems 

operate in the 600-800°C range and can directly convert 

a mixture of hydrogen and carbon monoxide into 

electricity. Hydrocarbon fuels like propane and gasoline 

still require reforming prior to introduction into the 

SOFC, but it is not necessary to purify the resulting gas 

as in the case of PEM systems. As a result, utilization of 

hydrocarbon fuels is much more straightforward in the 

case of SOFC-based systems. The compatibility of SOFC 

systems with fuels that all consumers are familiar with 

and have daily access to will dramatically improve the 

penetration of fuel cell systems into everyday life.

The proliferation of portable electronics in consumer, 

industrial, and military applications has highlighted 

the limitations of the current generation of battery 

technologies. Improvements in the battery arena 

promise a steady increase in device performance, 

but those improvements will not likely address the 

limitations of batteries in applications far from the 

grid. Fuel cells have already demonstrated significant 

improvements in backup and remote applications.  

The market penetration of fuel cell devices has not  

been as quick as hoped for by most enthusiasts, but  

it is happening in a number of critical niches. As with 

most disruptive technologies, once the tipping point  

is reached, we will be awestruck with the pace at  

which our lives are transformed. In the short term,  

fuel cells will continue to provide tangible improvement 

in the functionality of critical devices where the grid  

is inconvenient or unreliable.    

R E F E R E N C E S 
1   http://www.eia.doe.gov/cneaf/electricity/epm/table5_3.html Average Retail Price of Electricity to Ultimate Customers: Total by 

End-Use Sector
2   For a physical reference, one Kilowatt hour is equivalent to the output from a professional cyclist for 3 hours!  
3   Swider-Lyons, Karen, Richard O. Stroman, Gregory S. Page, et al. "25.4: The Ion Tiger Fuel Cell Unmanned Air Vehicle." Naval 

Research Laboratory. Print. 
4   http://www.nrl.navy.mil/media/news-releases/2013/nrl-shatters-endurance-record-for-small-electric-uav
5   Kiwada, G., Launie, P. Evaluating the Performance Potential of Fuel; Cell Power & Energy Systems in Unmanned Aircraft Systems (UAS), 

45th Power Sources Conference 2012.
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To supplement the IQT Quarterly’s focus on technology trends, Tech Corner provides a practitioner’s point of view 

of a current challenge in the field and insight into an effective response. 

TURNING EXPLOSIONS OFF AND ON WITH 
ELECTRICALLY ACTIVATED ENERGETIC MATERIALS
A technology overview from IQT portfolio company Digital Solid State Propulsion

Conventional Energetic Materials

One measure of deployable energy is the time scale 

over which the energy is released. At one end of the 

spectrum is a long lifetime energy cell that may power 

a device for months or years, such as the 9 volt battery 

in a fire alarm. At the other end are a considerable 

array of explosives and propellants, such as gunpowder 

and dynamite. In the latter category, solid energetic 

materials are typically comprised of an oxidizer, a 

fuel, and a binder, so that when ignited they will burn 

underwater or even in the vacuum of space. Beyond 

gun and rocket propellants, such solid energetic 

materials are used in mining explosives, gas generators, 

fireworks, and for cutting purposes, by both industry and 

the military. They also represent the most energy dense 

materials known. More common energetic materials 

include black powder, TNT, nitroglycerine, thermites, 

ammonium perchlorate, and double-base propellants. 

However, despite their wide use, the baseline technology 

has changed very little from its World War II-era form. 

Once ignited, these materials energetically burn to 

completion with extinguishment or control unfeasible, 

except by elaborate mechanical means. 

As might be expected from materials designed to 

have a rapid release of energy, conventional energetic 

materials are also dangerous to manufacture, transport, 

and use since they are highly subject to accidental 

ignition from flame, shock, spark, and even static 

discharge. Typically, conventional propellants have 

Department of Transportation shipping classifications 

of Class 1.1 to 1.3 Explosives, making transport 

costly and logistically complicated. When used, 

these conventional energetic materials also produce 

toxic effluent gases such as carbon monoxide, 

mono-nitrogen oxides, and hydrochloric acid. Most 

conventional energetic materials contain toxic metals 

(lead, chromium, etc.) or components that are highly 

transportable in groundwater like perchlorates. These 

have been responsible for numerous massive soil 

and groundwater clean-ups across the country. Now, 

imagine that energetic materials could be made non-

toxic, safe from accidental ignition, and could be turned 

off and on with the flip of a switch. That’s what In-Q-Tel 

portfolio company Digital Solid State Propulsion (DSSP) 

is demonstrating now.

DSSP’s Technology

DSSP is developing a new class of deployable 

energetics that are safe, electrically-controlled 

Extinguishable Solid Propellants (ESP). These novel 

energetic materials are suited to a broad spectrum of 

applications, including commercial space propulsion, 

explosives, and pyrotechnics. 
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While the acronym ESP readily describes the desired 

properties, there is a significant amount of fundamental 

chemistry understanding and materials science 

engineering required to bring these materials to a 

readiness level suitable for use and deployment.  

Even more is required to do so in a commercially 

sustainable fashion.

Understanding the chemistry starts with a molecular 

description of the structure of the propellant. DSSP’s 

ESP energetics are cross-linked solution-solids similar 

to today’s plastisol energetics. This is unlike most 

conventional energetics, which require a separate 

chemical binder to hold the materials together. The 

category of plastisol energetics, originally developed 

by the Navy as a double-base propellant more than 

50 years ago, has been well-documented and subject 

to extensive continuous improvement. In plastisol 

propellants, all polymerization reactions are completed 

before propellant processing begins, and the propellants 

are solidified through solvation of fully polymerized resin 

particles in the nonvolatile liquid, an example of which 

is composed of solid nitrocellulose in a nitroglycerin 

solvent. While effective as a propellant, these are rather 

dangerous to make and handle, as might be suspected 

when working with nitroglycerin as a solvent.

In contrast, ESPs are processed as a fully polymerized 

material, in this case polyvinyl alcohol (PVA), 

solvated, and solidified in an ionic liquid oxidizer. 

The main components of DSSP’s ESP are hydroxyl 

ammonium nitrate (HAN) liquid oxidizer, ammonium 

nitrate (co-oxidizer), high molecular weight polyvinyl 

alcohol (PVA), and additional stabilizers, buffers, and 

sequestrants (Figure 1). Unique to the ESP formulation 

is the liquid HAN oxidizer which is an ionic liquid with 

semi-crystalline behavior. Ionic liquids allow transport 

of electrical charge through the materials and provide 

ESPs’ remarkable response to electrical power. Whereas 

most conventional propellants have very low electrical 

conductivity, ESPs are highly conductive.

In general, and certainly when compared to other 

plastisols, ESPs are safe to manufacture and are easily 

processed at room temperature. They do not require 

high shear mixing, and once cured are even safe to 

machine. ESPs are also suitable for use in vacuum 

casting of complex shapes and fine detail like electrical 

traces. Once cured, unlike every other known energetic 

material, ESPs are inert unless ignited with an electric 

potential of appropriate magnitude (Figure 2). Once 

electrically ignited, burning rates can be increased by at 

least 10x (throttled) using higher amounts of electrical 

Figure 1  |  ESPs are comprised of three major components 

that when compared to conventional double-base 

propellants are much safer to manufacture and handle.

Figure 2  |  A first generation microthruster device (0.125 inch in diameter and 1 inch long) produces a bright 

combustion gas plume from <0.5 to 2 inches in length, depending on the electrical power supplied (left). Once 

electrical power is removed, the ESP extinguishes, but can be re-ignited up to 300 times.
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power and then switched off (extinguished) by removing 

that electrical power. DSSP has shown that ESPs 

cannot be ignited by flame, spark, shock, or even bullet 

impact. The combustion of baseline ESP formulations 

produces benign non-toxic gases with CO2, N2, and H2O 

as the major products, so they are safe for use in close 

proximity to humans. ESPs represent the first “smart” 

energetic material.

The special electrical properties of DSSP’s ESPs 

cannot be over emphasized. When these materials are 

subjected to select amounts of electrical power input, 

massive amounts of heat and kinetic energy (gas) are 

produced. For ESPs, less than 1 or 2 percent of electrical 

power is converted into heat, the remainder being all 

released from stored chemical energy. Although seldom 

acknowledged by the electronic industries, energetic 

materials have up to 10,000x higher power densities 

than the best known energy storage devices produced 

today (Figure 3). However, managing these massive 

energy and power densities has been problematic, 

limited to single-fire devices that could not be stopped 

once ignited. DSSP’s extinguishable ESPs represent 

a significant paradigm shift, and now open up the 

potential of high energy density materials that can be 

packaged into small, electrically-controllable devices 

that can be turned on and off repeatedly. 

Beyond ESPs, recent discoveries around nano-

energetics have shown a dramatic increase in 

energy over conventional energetics, provided by 

exploiting the even finer scale molecular structure 

available at the nano-level. DSSP is just beginning 

to explore the forefront of these materials, with the 

addition of nano-materials expected to bring dramatic 

performance improvements. One exciting application 

of nano-energetics, currently supported by DARPA, 

is to investigate the possibility of electro-thermal-

chemical (ETC) combustion of ESPs for hypersonic gun 

propellants. In ETC, massive amounts of electrical power 

are used to ignite and super-heat the combustion gases 

into plasmas. Thus, rather than using just the minimum 

amounts of electrical power needed to combust ESPs, 

DSSP is now experimenting with nano-additives and 

massive electric inputs to combine both the applied 

electrical power and the stored chemical potential to 

achieve total energy outputs from ESPs that are literally 

off the charts (Figure 3). Experiments are ongoing with 

.50 caliber rounds which, if successful, will progress to 

30mm cannon round firings next year.

On the commercialization front, the inherent safety 

of the ESP makes a compelling case for scale-up 

and broad industry acceptance. DSSP plans to apply 

electronics manufacturing methods to the production of 

Figure 3  | The comparison of energy and power densities for storage technologies illustrates that even conventional 

energetic materials outperform all other options. DSSP’s Electric Energetics span the range between conventional and 

nanoenergetics, and could even yield higher energy and power densities with electro-thermal-chemical (ETC) combustion. 
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DSSP, an IQT portfolio company, manufactures low-hazard electrically controlled solid propellants. To learn more, 
visit www.dsspropulsion.com.

ESP devices, which will also help in keeping production 

costs down. This is expected to result in total cost of 

deployments that can be dramatically lowered for end 

users, which in turn will encourage broad adoption 

for new applications in many commercial industries. 

The first ESP devices expected to go to market are 

completely solid-state microthrusters to be used for 

an attitude control system on small satellites. The first 

space flight for these microthrusters is planned for 

early 2014 (Figure 4). In addition to looking skyward, 

with the help of Shell’s GameChanger program, DSSP 

is also adapting its rocket motor technology to rock 

fracturing for enhanced oil and gas recovery.  

DSSP’s ESPs represent a significant breakthrough 

in energetic material chemistry, and have been 

designed from the molecular structure on up to 

provide an unprecedented amount of control and 

safety in high energy density compounds. When 

it comes to these new materials, the sky is quite 

literally the limit.    

Figure 4  |  A solid-state microthruster is pulsed inside a vacuum chamber in preparation for an upcoming space 

flight. These microthrusters contain just 0.1 grams of propellant, yet can be turned on and off hundreds of times for 

fine positioning of satellites (left). Larger rocket motor technology being developed will bring standards of safety to 

both military and commercial space sectors (right). 



The IQT Quarterly examines trends and advances in technology. IQT has made a number 

of investments in power technologies and the products enabled by them, and several 

companies in the IQT portfolio are garnering attention for their unique solutions.
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GATR Technologies  
IQT portfolio company GATR Technologies was recently featured on FoxNews.com after 

Marine Expeditionary Units relied on GATR inflatable satellite antennas in Realistic Urban 

Training exercises. The GATR system enables deployment of large aperture satellite 

terminals packaged in as few as two airline checkable cases, making it ideal for first-in 

deployments, remote applications, and contingency scenarios where transportation and 

space are limited. GATR is located in Huntsville, Alabama and joined the IQT portfolio in 

March 2008.   www.gatr.com. 

SpotterRF 
SpotterRF is a leading developer of Micro Surveillance Radar, a class of radar that 

is small enough to hold in your hand but powerful enough to track a person walking 

anywhere within a 148 acre space. The company recently announced that its latest 

products enabled the installation of a 100 acre, 360° perimeter security system in 

one day, a job that typically requires weeks of hardware installation and integration. 

SpotterRF is headquartered in Orem, Utah. IQT initially invested in the company in  

June 2010.   www.spotterrf.com

Pelican Imaging 
Pelican Imaging has garnered significant attention lately for its 16-lens array camera. 

The separate lenses provide 16 streams of data, which Pelican Imaging’s software 

stitches together into a single image. Among other benefits, this eliminates the need 

to focus a camera and allows for greater depth in an image. The company has been 

featured in MercuryNews.com, CNET, Bloomberg, and Forbes, and recently attracted an 

investment from Nokia. Pelican Imaging is located in Mountain View, California. They  

have been part of the IQT portfolio since March 2010.   www.pelicanimaging.com

SiOnyx 
SiOnyx is commercializing a patented semiconductor process that dramatically enhances 

the infrared sensitivity of silicon-based photonics, allowing for the development of 

higher performance image sensor technology. The company’s SiOnyx XQE-1310 sensor 

has been recently featured in media outlets such as optics.org and electroIQ.com for its 

successful testing by the U.S. Army’s premier agency for night vision technology. SiOnyx 

is located in Beverly, Massachusetts and joined the IQT portfolio in March 2012.    

www.sionyx.com




