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FeaturesInsights

O ver the coming years, the U.S. military has an exciting 
and immense task before it: predicting the future. In 
the 1980s, strategic thinking envisioned the Warsaw 

Pact’s tanks streaming across Germany, and countering this 
threat led to the development of highly effective weapons 
platforms that continue to make up the backbone of the 
force. Decades later, the faltering American effort in Iraq put 
the focus squarely on counterinsurgency and asymmetric 
warfare. The enemy was among the people in urban areas, 
using small arms, IEDs, and time to wear down foreign 
forces. Today, as overseas contingency operations draw to a 
close, the principal threat is less clear. 

“Looking ahead,” if you will, is the theme of this issue 
of DoD Power & Energy magazine. The services must 
deal with uncertainties regarding where they are going to 
deploy and the type of enemy they are going to fight. Thus, 
technologies must be able to work almost anywhere and be 
versatile enough to justify their purchase and integration 
into the warfighter’s kit or vehicle f leet. Yet often the most 
revolutionary equipment is not ready immediately, and this 
issue discusses efforts by the services to figure out how 
to find the right technology years before it is deployable. 
Strategy shifts, such as the “Pivot to the Pacific,” may also 
necessitate questioning some ingrained assumptions about 
fueling the force, and decision makers must peer ahead to 
see if logistics vulnerabilities can be mitigated with different 
fuels. 

The operational energy challenges of the Middle East 
and South Asia have provided some specific teachings for the 
future, but the principal lesson learned may simply be that 
using energy wisely is important, as it affects warfighting 
capabilities. The increased need for electricity and fuel 
in new systems the DoD is procuring only reinforces this 
lesson. Fortunately, as this issue shows, the services are 
taking operational energy quite seriously, from soldier-
borne power to forward-operating bases to naval fuel use. 
The future may be uncertain, but the Pentagon appears 
poised to adapt. 

As always, please feel free to contact us with comments, 
suggestions!

Sincerely,

Col. Jim Caley
Director
Expeditionary Energy Office
U.S. Marine Corps
Arlington, VA
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Dismounted Power Energy Harvesting

T he growing power demands for modern warfare, in which 
batteries for radios, GPS receivers, computers, and optics, 
among other devices, compete for rucksack space with 

water and ammunition, are forcing the U.S. military to rethink 
how it powers the warfighter. A reliable source of renewable 
energy could allow for fewer batteries clogging an already heavy 
rucksack. This would reduce both the numbers and variety of 
batteries carried, as rechargeable units could do most of the 
work. The result could be a more resilient force less dependent 
on complicated logistics and, consequently, engaging in fewer 
dangerous resupply operations. 

Soldiers and Marines are already wasting a lot of energy—
not by throwing away half-charged batteries or burning diesel 
on under-loaded generators but by walking. Around 10 watts 
(W) of mechanical power is lost in each human leg per step, 
according Professor Tom Krupenkin of the University of 
Wisconsin. Much of that power dissipates as heat in shoes, 
muscles, and joints, and the Marine Corps and Army want to 
recoup that loss.

Recognizing the greater power, improved testing, and 
lighter weights making energy harvesting more realistic, 
an Experimental Forward Operating Base (ExFOB) event 
was held at Camp Pendleton, CA, in May 2014. The USMC’s 
Expeditionary Energy Office brought together industry 
and military outfits in both kinetic and non-kinetic energy 
harvesting to demonstrate their products, causing one vendor to 
refer to it as a “watershed” event in the sector. Over a hundred 
Marines tested the devices, and their reviews may inf luence 
which, if any, energy harvesting products the Corps pursues. 

The Army, which sent representatives from Natick Soldier 
Research, Engineering, and Development Center (NSRDEC) 
to the event, is also pursuing an Energy Harvester Suite. Noel 
Soto, project officer for energy harvesting at NSRDEC, told DoD 
P&E that the Army’s efforts in kinetic energy harvesting were 
“headed for the dustbin” a few years ago; however, this fall, there 
will be “on the soldier” events at Fort Benning, GA, to test some 
of the 15 types of systems the Army is considering. 

Both NSRDEC and the USMC are examining kinetic and 
non-kinetic ways of recharging their critical batteries (such 
as the Conformal Battery and BB-2590), including wearable 
solar fabrics and chargers, energy-generating knee pads, and 
moving backpacks. Though generating less than 100W, these 
technologies might represent a way to obtain “cheap,” burden-
free energy in the field. 

From Pack to Battery
The long patrols in which energy harvesting can provide the 
most impact require warfighters to hump very heavy packs, and 
Larry Rome, founder of Lightning Packs and a University of 
Pennsylvania professor, saw this as an opportunity. Over the last 
decade, his company has built a system that can generate around 
15W of electricity at a walk (35W at a run). Springs suspend the 
moving frame holding the payload from the fixed frame attached 
to the user. When walking, the fixed frame moves up and down 
with the hips while the moving frame lags behind the fixed frame. 
This linear movement creates energy captured by a generator that 
routes electricity through a power management system.  

The ultimate goal is to make the Lightning Pack (pictured 
above) weigh just four pounds more than a current military 
backpack. According to Rome, Soto, and many Marines who tested 
the product at ExFOB, the Lightning Pack is more ergonomic 
than fixed packs. “Because the load lags behind, your hip doesn’t 
have to lift and drop the load as much, reducing the forces on your 
body,” Rome said. “The Marines noticed immediately … that the 
backpack feels lighter.” Rome said concerns raised by some about 
noise and discomfort are already being addressed.

The frame will have to be designed to fit each particular 
backpack, but Rome stressed that he does not foresee any problems 
arising from this. “The backpack that we demonstrated at Camp 
Pendleton can carry 80 to 100 pounds. We also have a version 
where the Army’s large MOLLE rucksack attaches right onto our 
system,” he said.

NSRDEC is working with Lightning Packs on a midsize 
MOLLE pack. Natick has already performed a parachute drop 
simulation, and Rome said the Lightning Pack passed the test. He 
expects future contracts will allow for larger production and field 
testing. 

Personal Energy
Tremont Electric, whose nPower technology was demonstrated 
at ExFOB, released its first generation consumer product, the 

Recharging
the Force
Energy Harvesting and the Future 
of Warfighter Power
By George Jagels
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Personal Energy Generator (PEG), in 2009. Founder and CEO 
Aaron LeMieux, who conceived the idea while hiking the 
Appalachian Trail, was initially unable to interest the Pentagon, 
but he noticed that “lots of servicemembers getting ready for 
deployment wanted our product.”

Humans tend to locomote at a fairly constant frequency of two 
hertz, LeMieux said, so he decided to develop a vibration isolation 
device—a magnet spring system—that resonates at that frequency. 
To take power off the system, nPower uses a “standard generator 
configuration” of a moving magnet passing through a conductive 
loop. There is only one moving component involved in nPower. 

The militarized version of the nPower PEG is essentially a 
17-inch, five pound stick capable of generating up to 3.3W at a 
walk. To obtain maximum and continuous energy generation, 
the best place for the PEG is on the warfighter—in the rucksack 
or on the body armor, LeMieux said. In the spirit of minimizing 
burdens, the PEG tested at ExFOB used a Camelbak holder with 
which Marines were already familiar. The system can still generate 
energy if the user is mounted; a bumpy road, for example, creates 
the up-and-down motion needed for the device to harvest kinetic 
energy.

The military version of the second generation PEG is still a 
work in progress: LeMieux’s goal is to produce a three-pound 
device that can replace a BB-2590 over a 72-hour mission at a cost 
of between $2,000 and $3,000.   

Wearable Solar 
One of the non-kinetic energy harvesting options presented at 
ExFOB was the Wearable Solar Charger by Bren-Tronics. Based 
on a currently fielded product, the charger sits on top of the BB-
2590/U battery and receives power from a lightweight solar panel 
that generates up to 20W of power. Made commercially, this solar 
panel is inexpensive and is rated at just under 18 percent efficiency, 
according to Bren-Tronics. 

“Right now a lot of people are playing with the most high tech 
solar panels using technology designed for NASA and expensive 
power managers,” said James Voulgarakis, an engineer at Bren-
Tronics. “Those are wonderful solutions, but it will be a while until 
they are mass produced and affordable enough for widespread 
fielding.” He added that the Bren-Tronics batteries and chargers 
can be stowed in a MOLLE pouch worn anywhere the warfighter 
would choose. For example, it can be left secured in a backpack, 
with the solar panel hanging over the side.    

The BB-2590s Bren-Tronics produces now hold about 290Wh 
of charge, meaning they could take fourteen hours to recharge. 
This time could be reduced significantly if multiple panels were 
connected to one charger. Voulgarakis said the company is 
considering the market for a basic kit and another with “a lot more 
bells and whistles.” The target price for the basic kit is around 
$450.  

Power Through the Knees
Bionic Power’s PowerWalk M-Series began as a military-focused 
project in 2008 with financing from the Canadian Forces and later 
the U.S. Army. The knee-based power generator selectively engages 
when the knee is “braking or doing negative work,” according to 
Bionic Power CEO Yad Garcha. “It’s a bit like a hybrid car, which 
only generates electric power when it’s going downhill or braking.” 

The system generates electricity (through a tiny three-phase 
magnetic rotary generator) with each stride; on a level grade, 
Garcha said the PowerWalk, which resembles a pair of knee braces, 
generates 8 to 12W of power, but more is produced when the user 
is going downhill. Additionally, the braking assists the user by 
reducing localized muscle fatigue and metabolic costs when on a 
steep grade. Enhancing this effect is the light weight of the system: 
Garcha claimed the body doesn’t notice anything less than 2.2 
pounds on the knee, and the PowerWalk weighs only 1.9 pounds 
per leg, with expectations of lower weights in the future.

Dismounted Power Energy Harvesting

Left: The nPower PEG can be placed on the warfighter or around the gear to create 
the up-and-down motion needed for energy harvesting. Right: Bren-Tronics solar 
panels with the new light weight flex charger system showing two charge locations 
for PRC-148/152 batteries and one location for the BB-2590.
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Marines responded fairly well to the device at ExFOB, 
according to a USMC press release which quoted a Marine who 
thought the system was a “joke” until he tried it on and came 
away impressed. Garcha told DoD P&E that Marines suggested 
improvements such as adding a pistol holster and removable 
ballistic protection and turning the upper belt into a tourniquet. 

Currently, each component of the PowerWalk is custom made 
only a few at a time, and it is therefore extremely expensive. Garcha 
expects costs will decrease significantly if large-scale production 
is initiated. The Army has already conducted preliminary trials at 
Fort Devens, MA, with more planned for 2014 and beyond. 

Energetic Soles
Recognizing the overall rise in electronics use on the battlefield, 
STC Footwear began a research program in 2009 aimed at 
harvesting the “free energy” that comes from walking—elevation 
and descent mass, or gravitational energy—while staying “as 
invisible as possible” with maximum comfort, according to Michel 
Bisson, president of STC. Unsurprisingly for a footwear company, 
STC, which has partnered with Lockheed Martin (LMCO) on the 
program, developed a generator in the heel section of the sole of 
the new Kinetic Boot.

Over the past two years, the energy to weight ratio of the 
Kinetic Boot has improved: 2-3W of energy at a walk to 1.5-
3 ounces of weight. As with other kinetic energy harvesting 
technologies, larger weights and higher speeds tend to generate 
more energy. The system, however, works in other contexts as 
well. “The key harvesting piece that transfers momentum into 
electricity could also be used remotely from the boot and in other 
oscillating systems,” Bisson noted. 

Marine response at ExFOB was generally positive, but LMCO’s 
Alex Moore noted that the product must get tougher. To ruggedize 
the Kinetic Boot, LMCO and STC plan on working with the 
military on longer exercises in order to obtain feedback from the 
troops on comfort and utility. “There will need to be a systematic 
approach to analyze the various work conditions and [tailor] the 
product according to that,” Bisson told DoD P&E. “Lockheed 
Martin [also] has some facilities available to test the biomechanics 
of the product … so that when it enters the field it is fully proven.”

A much smaller, but no less intriguing player in shoe-based 
kinetic energy harvesting is InStep NanoPower, which also 
demonstrated at ExFOB. Their device can generate between 2 to 
4W for a pair of boots, depending on speed and weight, and is 
currently marketed to hiking and cross-training shoes consumers 
in association with Vibram, which also makes the soles of many 
military boots worldwide.

Built inside the sole is what Krupenkin, the company’s 
president, called an “energy generating tube” that is connected to 
two flexible chambers, at the heel and toe. When the heel presses 
down during the stride, liquid goes through the tube to the front 
of the shoe. The opposite occurs when the user pushes off from the 
toe. The electrical energy generated goes into a small cell phone-
sized battery in the sole, which can then power a useful load. “You 
can use the energy stored in this battery for … connecting external 
devices through a mini-USB port or for internal, embedded in the 
shoe electronics [such as] GPS, gyros, and a Bluetooth connection,” 
Krupenkin said. It can also connect to charge a larger battery or 
power a Wi-Fi hotspot implanted in a shoe.

Yet one may wonder how well a gym shoe design would 
do in the field. InStep introduced its most recent device at 
ExFOB, so they haven’t yet fully tested it. Krupenkin noted that 
comprehensive testing is planned for 2015, and he is confident that 
the technology will move forward. “Conceptually, this product is 
reliable because it is simple: It is basically two hermetically sealed 
chambers with a tube connecting them [where] a benign, oil-like 
fluid runs,” he said.

Dismounted Power Energy Harvesting

Storing Warfighter Energy: 
The Conformal Battery
The Conformal Wearable Battery (CWB) was born out of 
the necessity to keep radios networked without weighing 
warfighters down with up to 12 different batteries per day. 
It is changed out only once every 24 hours as opposed to 
changing multiple batteries, each every six to eight hours. 
Weighing only 2.5 pounds, the CWB uses lithium-ion cell 
technology and is an extremely rugged, flexible, bullet tolerant 
package for the warfighter. It is now specified under MIL-
PRF-32383/4. 

According to Palladium Energy, which pitched the initial 
concept in 2009 and worked with the Army to develop the 
battery, meeting the safety and flexibility requirements were 
the greatest challenges given the constraints of maximizing 
capacity, keeping it lightweight and delivering it in a ruggedized 
package as it was designed to be worn outside [of the body 
armor]. The CWB has been proven to withstand extreme 
environmental and undergone functional tests to ensure safety 
and reliability including the bowling ball drop, standard and 
extreme flex, and ballistic strike. 

To read a more detailed version of this piece, visit 
tacticaldefensemedia.com and click on “News & 
Features.”

Left: Bionic Power’s PowerWalk M-Series generates power from the knees. Right: 
STC Footwear and Lockheed Martin’s Kinetic Boot harvests energy from the natu-
ral movement of a footstep.

(NSRDEC) (USMC)

Lead art: Cpl. Brandon O’Connell tests out the Lightning Pack on a treadmill dur-
ing ExFOB. The pack converts normal walking movement into electrical power 
using a generator. (Lance Cpl. Kathy Nunez)
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more effective on the battlefield, [and we have] to reach out far enough 
so that we can get this into a system in the future. 

We’re finally seeing [that forward thinking] come to fruition today: 
E2O has worked on hybrid power systems for years. Now we’re seeing 
those systems become programs of record. 

DoD P&E: What are some of E2O’s current focus areas?

Col. Caley: What we focus on today is extending the operational 
reach of our deployed forces. This doesn’t mean that we are saving gas 
for its own sake, but rather trying to go further with the amount of fuel 
we use on the battlefield. For example, if the fuel-efficient MTVR can 
go between 25 and 40 percent further than current medium tactical 
vehicles, then that means we can prosecute 40 percent more targets or 
go 25 percent further with our artillery units. 

Improving force readiness in the continental United States 
(CONUS) [is another focus area]. A unit that uses less fuel in CONUS 
can go to the field and accomplish more training objectives with that 
fuel. Fundamentally, it [is a matter of] changing the Marine Corps’ 
mindset. For example, I was the regimental commander of Combat 
Logistics Regiment 1 (CLR-1) at Camp Pendleton. About 16 months 
ago, I was at Twentynine Palms, CA, for a large exercise with the 1st 
Marine Division and CLR-1. About four hours after the final attack 
kicked off, I decided to drive up one of the axes of approach … and as I 
drove up this road there were trucks idling along both sides of the road 
for between 38 and 45 kilometers. That’s a lot of trucks, [and] I wasn’t 
really paying attention to it at the time because I was worried about lots 
of things that one worries about when running a large organization: 
injuries, positioning, and so forth. 

What I would like to move the Marine Corps toward is to think 
about energy in the same way that we think about ammunition. If you 
were to approach a Marine in Afghanistan today in the middle of his or 

USMC Energy:
Extending the Corps’ Reach

Col. Jim Caley
Director
Marine Corps Expeditionary Energy Office
Arlington, VA

Colonel Jim Caley served in a number of logistics leadership 
roles during the 1990s, including deployments to Somalia 
and the Republic of Korea. After serving as the Operations 
Officer and Executive Officer for Brigade Service Support 
Group-1 at Camp Pendleton, Col. Caley deployed as the 
Executive Officer of Combat Service Support Group-11 to 
Kuwait and Iraq.

After attending the School of Advanced Warfare and 
serving again in Korea, in June 2006 Col. Caley became the 
Commanding Officer, Combat Logistics Battalion 13, and 
deployed to Iraq with 13th Marine Expeditionary Unit. He 
then spent a year at the Industrial College of the Armed 
Forces and was assigned to the Pakistan Afghanistan 
Coordination Cell on the Joint Staff.

In July of 2011, Col. Caley took command of Combat 
Logistics Regiment 1, 1st Marine Logistics Group at Camp 
Pendleton. In July of 2013, he was reassigned to Marine 
Corps headquarters as the Director of Expeditionary 
Energy.

Interview by DoD P&E Editor George Jagels

Leadership Perspective

DoD P&E: In broad terms, what is the purpose of the 
Expeditionary Energy Office (E2O)?

Col. Caley: Our job is to lead the Marine Corps’ energy innovation. 
The USMC has a great history of innovation—whether it’s the 
development of amphibious operations or close air support. The Corps 
has been really good at transforming itself when we needed to. E2O 
finds really cool innovations that give our forces more operational reach 
and make our Marines more effective. That may be an intelligence, 
surveillance, and reconnaissance (ISR) platform that doesn’t take any 
gas, hybrid power systems that require half the fuel of current versions, 
or guiding the development of fuel-efficient armored vehicles. 

In the past, the focus of our office was to reduce the number of 
casualties we’re taking in Afghanistan and Iraq, and if you could reduce 
the number of fuel convoys being sent up Afghanistan’s Sangin Valley, 
for example, you could reduce the casualties [associated with convoy 
protection]. Coming out of those two theaters, what we’re doing here at 
E2O remains extremely relevant. 

Sometimes, we are reactive—we know the Marine Corps is going 
to buy system X, and we need to find out how to make that system 
more fuel efficient, which is what we’ve done with the Medium Tactical 
Vehicle Replacement (MTVR), [but] our job is to reach out in front of 
the Marine Corps and try to get ahead. Other times it’s about seeing 
what technologies industry is developing that can make our Marines 
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her patrol, that Marine would tell you exactly how many rounds they 
have and how many they can get. Every single Marine out there pays 
attention to their ammunition, regardless of occupational specialty. 
We’re trying to change the Marine Corps so that they think about 
energy that same way. 

Frankly, the systems we’ve been procuring since 2001 are more 
energy intensive than the previous iterations of those systems. And 
naturally so, because they come with more armor and more firepower. 
But the point I would make is: As your systems require more energy, 
you need to make sure that operators—whether of tanks, trucks, 
helicopters, or F-18s—are paying attention to how that energy is being 
used so that we can go as far or farther than we did with a previous 
equivalent asset.

DoD P&E: How does E2O attack USMC energy issues?

Col. Caley: At Experimental Forward Operating Base (ExFOB) 
demonstrations, we’ve examined new ways to get at the energy 
problem. This year we looked at warrior power and infantry power 
systems as well as unmanned systems. 

We also integrate in with our force developers at Combat 
Development and Integration (CD&I), and we work with them on the 
new weapons systems—such as the new Amphibious Combat Vehicle 
(ACV) the Marine Corps is buying—to make sure that new weapons 
systems go further on the fuel that we put into them so that we can 
prosecute more targets and put more effects on target as we move 
forward. 

And the other piece that we’ve been really focused on in the last 
year is the behavioral side of it. Marines won’t waste fuel if they are told 
by someone, “Hey, pay attention to this kind of thing.” In the personal 
example I gave earlier, [at the time] I wasn’t thinking about wasting 
that fuel … but no one had focused me on the problem.

Last year, we launched a new effort, the Commander’s Energy 
Readiness Program (CERP), to get Marines thinking about how much 
fuel they’re using. During the integrated training exercises (ITX) at 
Twentynine Palms, we’ve worked to change Marines’ behavior, like 
stop idling trucks … Whether by unit, military occupational specialty, 
or warfighting function, we are focusing the Marines on their energy 
consumption so that they’re paying attention to how far they go on 
energy. 

Take a hybrid car, for example. When you drive a hybrid, you find 
yourself competing with the energy gauge. In my personal car, which 
is not a hybrid, I am prone to getting to the freeway on ramp and 
pressing the gas pedal really hard to get to the speed limit as quickly as 
possible. I don’t really pay attention [to fuel efficiency]. If a gauge on the 
dashboard that indicates you’re getting two miles a gallon, you might 
ease up off the pedal. What we’re trying to do at ITX is show Marines 
units and battalion commanders where they’re using energy on the 
battlefield so they can make decisions about energy. Frankly, up to this 
point they haven’t known. 

The other piece we’re focusing on is force development. We have 
a modeling effort for the 2024 Marine Expeditionary Brigade, which 

includes the Joint Strike Fighter, ACV, and new systems. We are 
modeling those forces and equipment so we understand where we’ll 
be using fuel on the future battlefield and where we can save it. [This 
will] make sure that the force can attain the greatest operational reach 
possible with the fire power and force protection that we demand for 
our Marines. 

DoD P&E: Are there any specific systems you’re looking to 
fund and field in the next couple of years?

Col. Caley: On the fielding side, we are past the experimentation 
stage on the fuel-efficient MTVR, which the Office of Naval Research 
(ONR) helped us develop. For a fairly small amount of money and 
using a number of known technologies, we have made the vehicle 
between 25 and 40 percent more fuel efficient. I expect the USMC will 
buy a version of this truck—the most ubiquitous on the battlefield—
going forward. The MTVR’s operational reach is the limiting factor for 
artillery; making the MTVR more fuel efficient makes an artillery unit 
25 percent better. 

That said, focusing on equipment procurement is not primarily 
our lane. What we’re trying to focus on is what cool things can be 
developed. 

DoD P&E: What is the Experimental Forward Operating 
Base (ExFOB)? Why does your office participate?

Col. Caley: ExFOB is one hundred percent about refining ideas 
and is a great deal for everyone involved: We get to see the best that 
industry can provide, and big and small businesses can expose their 
technology to Marines. Some Marines will look at this and say, “That’s 
a bad idea.” Or “that’s a really good idea, but only if it had this.” The 
Marine Austere Patrolling System (MAPS) is a great example. ExFOB 
[provided a venue to explore integrating] kinetic harvesting into the 
system to cut down on the disposable batteries Marines carry. 

DoD P&E: Please discuss the May 2014 edition of ExFOB 
and the technologies demonstrated.

Col. Caley: We brought together as many kinetic energy harvesting 
systems as we could in an attempt to go forward with a larger version 
of MAPS. This would harvest the energy Marines are already using 
on the battlefield in order to lighten their load. This last event, we 
looked at shoes, knee braces, and backpacks that generated power, 
and a fantastic aspect of these technologies is you’re getting power 
for nothing: The Marine still has to walk that far, but some of these 
technologies also result in the lower energy use by the individual 
wearing them. So the Marine uses less energy, recharges his radio 
battery, and does the eight-hour hike he or she would be doing anyway. 

DoD P&E: How does a company participate in ExFOB?

Col. Caley: We get the word out on our website, at speaking 

Leadership Perspective

We are modeling forces and equipment so we understand where 
we’ll be using fuel on the future battlefield and where we can save it.
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engagements, and by word of mouth. I go to business conferences 
throughout the country, such as the Defense Energy Summit and the 
Asia-Pacific Clean Energy Summit. Industry goes there thinking they 
might have a product for us, and I tell them where the Marine Corps 
needs help. That’s my job. [DoD labs] develop great technology, but 
if we ignore industry we ignore a whole bunch of smart guys trying 
to develop cool things to solve backpacking problems, for example. 
Backpackers problems are an awful lot like grunt problems. So why not 
work with them to help them provide solutions to us as well? 

DoD P&E: Is E2O still working on hybrid energy? Are you 
pursuing energy storage technologies?

Col. Caley: E2O is still working in these areas. We want to take 
technology that has worked successfully in Afghanistan and try to 
make it better, not drop it after initial accomplishments. We are helping 
to fund research with partners to try to improve solar panel efficiency. 
We’re also working with the Army and other organizations to get 
better batteries as well. 

Regarding storage, part of the hybrid car’s success is the battery. 
It can shut the engine off because the battery can run the hotel load 
systems for a limited period of time. If you can store the energy 
generated through kinetic harvesting or solar panels in a battery, then 
you suddenly don’t require fuel. 

Storage is also essential for ISR. Next year, we’re funding a study 

to look at “swarming” unmanned aerial vehicles (UAVs)—when 
multiple UAVs travel in a pack and communicate to each other where 
the thermal updrafts in the atmosphere are—to give the Marine Corps 
a persistent ISR capability. A solar-powered UAV with a good battery 
can stay up in the air for a pretty long time, but at some point the sun 
goes down, the battery drains, and the vehicle has to land. At that point 
we lose the ISR capability. We’re looking at ways to extend the range 
of UAVs, including high energy density storage and swarming. These 
types of advances will dramatically extend UAV flight range to the 
point where we may be able to get “through the night” without burning 
fuel … I should stress that these are developmental, not something 
we’re definitely buying. 

DoD P&E: Are you confident energy issues will remain part 
of USMC culture?

Col. Caley: We’re the leading edge of the energy tech development 
that magazines and industry sees, but there are a lot of people in the 
Marine Corps working on this with us. There’s a slew of Marines and 
civilians at MARCOSYSCOM and CD&I that we coordinate with to 
solve problems. There are a whole bunch of civilians across warfighting 
labs and ONR participating as well. We’re at the point where we guide 
them and motivate the direction in which we want everyone to move 
and where we hope we can influence the culture of the Marine Corps 
to always be thinking about energy. 
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Shelters Spotlight JOCOTAS

General Gordon Sullivan (Ret), the Army Chief of Staff from 
1991-1995, was a transformation agent. One of his many 
accomplishments was enhancing Soldier quality of life 

(QoL) after Operations Desert Shield and Desert Storm (1990-
1991). His vision spawned many new and innovative solutions for 
today’s Warfighters, including laying the foundation for modern 
expeditionary basing systems. The groundwork was executed 
at the U.S. Army Natick Soldier Research, Development, and 
Engineering Center (NSRDEC) and transitioned over to the 
Product Manager Force Provider. The initial program focus was 
to acquire Air Force Basic Expeditionary Airfield Resources 
(BEAR) Habitation Systems, test them with Soldiers, and 
establish QoL baselines. The work also led to the establishment 
of two basing science and technology (S&T) funding lines, 
Expeditionary Mobile Base Camp Technology (VT4) and 
Expeditionary Mobile Base Camp Demonstration (VT5), that 
came to fruition in 2012. The BEAR and Force Provider programs 
are major players in the Joint Committee on Tactical Shelters 
(JOCOTAS).  

Understanding QoL
To prepare for the VT4 and VT5 start up, Phil Brandler, the 
former NSRDEC technical director, was recruited to assist 
in laying out an S&T strategy that included QoL. In order to 
secure user related input on a number of issues including QoL, 
Brandler and NSRDEC conducted an Expeditionary Base-focused 
wargame that included Soldiers with recent experience. The 

wargame took place from 16 to 19 October 2012 at the Maneuver 
Support Center of Excellence (MSCOE) facility at Fort Leonard 
Wood, MO, using Soldiers recruited from the Army’s Forces 
Command units and the MSCOE staff. 

The results indicated that Soldiers do not expect to have 
numerous QoL-related features at small patrol bases (PBs), but 
they expect that within weeks they will be able to rotate back to 
a combat outpost (COP) or forward operating base (FOB) with 
more capabilities and a better QoL. In fact, improving QoL at 
a PB is not always necessary or even wanted—mission always 
comes first. Personnel involved in the exercise noted that worse 
conditions equal fewer distractions and require Soldiers to 
become focused on the mission. They did agree that “one portable 
shower kit per platoon would make a world of difference in QoL 
and mission effectiveness.” If deployed Soldiers had showers, they 
could stay for longer periods of time before rotating back to larger 
bases.

Participants told Brandler that at the larger bases it is essential 
for preserving QoL and mission effectiveness to have HVAC in 
tents during sleeping hours. They also desire enough outlets for 
mission and personal items for everyone in the shelter. In general, 
however, it’s all about expectations: Soldiers are more apt to be 
accepting of the QoL capabilities available at a particular size 
camp if they match their expectations of what should be available.  

Flash forward to 2014, and QoL, Force Projection, and Zero 
Footprint are intertwined into today’s integrated solution for 
future basing operations.  

Improving Warfighter Quality of Life in Austere Base Camps 
By Frank Kostka, JOCOTAS Support Contractor

More Than Tents
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Shelters Spotlight JOCOTAS

QoL for the Warfighter is being investigated by all 
services as it relates to energy management, sustainment, and 
mission execution. Today’s leadership is seeking strategies for 
balancing QoL with sustainment efficiencies. Justine Federici, 
a behavioral scientist at NSRDEC, is developing tools to 
assist decision makers in analyzing tradeoffs at expeditionary 
basecamps. Beginning with a wide-ranging set of interviews 
with Soldiers, Ms. Federici and her team identified 80 key 
attributes, such as billeting conditions, that define QoL on 
camps housing fewer than 1,000 personnel. Each attribute 
has a set of service levels defining a range of conditions from 
extremes of austerity to expanded and enhanced basecamp 
capabilities. 

In August and September of 2014, 1,200 Soldiers from 
four posts will complete a survey on how these attributes 
and service levels affect QoL. This data will be used to create 
a preference model based on multi-attribute utility theory. 
The model allows decision makers to “plug in” basecamp 
conditions and compute a quantitative measure of QoL that 
can be compared with fuel, water, and waste values to assess 
potential basecamp technologies as well as tactics, techniques, 
and procedures. Ultimately, the goal is to help optimize Soldier 
readiness for missions while balancing sustainment demands.   

This work is being leveraged by multiple agencies, 
including the Army G4, Product Director Contingency Basing 
Infrastructure, Engineer Research and Development Center, 
Logistics Innovation Agency, and Sandia National Laboratory.  

Ongoing Transformation 
In May of 2014, the U.S. Army Program Executive Office 
Combat Support and Combat Service Support integrated 
expeditionary basing development with power generation 
and management. Project Manager Mobile Electric Power 
(PM MEP) became PM Expeditionary Energy & Sustainment 
Systems (PM E2S2), incorporating MEP’s core functions with 
Product Manager Force Sustainment Systems (PdM FSS) 
and Product Director Contingency Basing Infrastructures. 
This synergistically links ongoing efforts in contingency 
sustainment to expeditionary energy. In response to theater 
requests for additional capabilities that reduce operational 
energy requirements and the overall fuel consumption 
throughout Afghanistan, PdM FSS is rapidly evaluating 
and adopting force sustainment systems for immediate 
use. Another recent technology being fielded is a power-
management microgrid kit that will be applied to select 
60kW tactical quiet generators to provide automatic on/off 
capabilities for the generators based upon load demand within 
the camp. These combined improvements will cut the fuel 
consumed in the Force Provider base camps by more than 50 
percent.  

PdM FSS Lieutenant Colonel Ross Poppenberger and 
the Force Provider team led by Mike Hope are actively 
implementing a combination of energy efficient upgrades to 

          800.346.1956      WWW.JAMESONLLC.COM

Since 1956

Expeditionary Lighting
Shelter
Medical
Emergency
Maintenance
Equipment

A leader in technology and innovative products since 
1956, Jameson is committed to providing the highest 
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Our lights have been fi elded for a wide variety of 

missions in all branches of the US Military.

FOB Hammer, Iraq, in 2007. The base housed the Army’s 
3rd Brigade Combat Team, 3rd Infantry Division, in support of 

General Petraeus’ Baghdad Security Plan. (USAF)
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their program that reduce sustainment costs and improve 
QoL. With the approval of the Force Provider, Capabilities 
Production Document, QoL kits that include high-
performance insulating liners, solar covers, ice making, water 
bottling, black water processing, modular ballistic protection 
systems, incineration, and power storage are all coming on 
line. The group is continuing to evaluate both soft and rigid 
wall shelter concepts for future basing applications. Force 
Provider is also looking for quick erect insulated f looring 
systems to replace hand-built wooden platforms that take 
several days to construct and require lumber not always 
available in remote locations. The wooden platforms improve 
Warfighter QoL by getting the out of the mud and providing a 
level surface for billeting functions.  

Outdoor Venture Corporation (OVC) recently participated 
with a partner in a PdM FSS product evaluation of knock down 
panelized structures. The partner produced high-performance 
insulated structural panels used in building construction, a 
manufacturing capability OVC subsequently acquired. Their 
president, J.C. Egnew, believes the purchase will provide 

significant opportunities for OVC to diversify and expand its 
business. In discussions with Force Provider staff, he became 
intrigued with the idea of developing a multiuse basing 
platform on which tents could be erected initially and which 
later could be the foundation for a panelized building. His 
staff worked with Force Provider Technical Assistance Team 
members to develop a set of parameters for the system. They 
recently completed the first prototype for consideration.  

PdM FSS’s Don Stewardson continues to do “best of 
breed” commercial research to indentify candidate equipment 
for militarization. His work leads to the preparation of 
performance specifications and also assists the Combined 
Arms Support Command in writing Capabilities Development 
Documents, which are the basis for Programs of Record 
and will include a next generation of tents and rigid wall 
shelters. Evaluation projects to date include several iterations 
of high performance insulating liners, lighting, form fitting 
solar covers, knock down panelized structures, and f looring 
systems. He plans to assess commercial tents at Joint Base Cape 
Cod in the latter part of FY 14 on through FY 15.  

Shelters Spotlight JOCOTAS

Large Area Maintenance Shelter supporting operations in Iraq. (JOCOTAS)

An Airman steps out of a BEAR Small Shelter System after a final inspection during an exercise at Holloman Air Force Base, N.M. A more energy efficient version of the 
system will be acquired by the USAF and USMC upon the completion of research by the Air Force’s Civil Engineering Center. (USAF)
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Force Protection Against All Threats
Kratos Modular Systems Division, 
through its Gichner Systems 
Group subsidiary, specializes in 
engineering and providing turn-
key enclosures with high levels 
of system integration and has 
delivered modular units designed 
for a diverse range of mission-
specific applications, including 
secure communications shelters, 
UAV ground control stations, 
accommodations modules, 
command and control facilities, maintenance shops, and data centers.

Gichner has recently developed a product group called Hardened Modular 
Structure that are designed to protect personnel and equipment from forced entry, 
ballistic, and blast threats during emergency security conditions. These custom 
built, fortified ISO containers have achieved Forced Entry, Ballistic Resistance (FE/
BR) certification from the U.S. Department of State. Construction consists of welded 
steel plates and skeletal structure with secure utility connections below the floor and 
FE/BR doors, windows, and vents. The turn-key modules, which can be fabricated 
to offer ballistic protection up to NIJ Level IV, are providing a safer environment for 
personnel in hazardous locations around the world.

More info: kratosmsd.com

Air Force Basing Tech: 
Driven by the BEAR 
The Air Force continues to be a 
major player in the expeditionary 
basing technology arena, focusing on 
efforts that will enhance operations at 
BEAR bases worldwide. BEAR has an 
institutional need for the Large Area 
Maintenance Shelter (LAMS)—which 
supports force projection, helicopter 
maintenance, and staging bases—as a 
major component for their Program of 
Record applications. As a result, they are 
investigating better methods to reduce 
HVAC costs in these types of structures, 
and their efforts will provide benefits 
across the entire JOCOTAS community.  

Beginning in 2001, the Army and 
NSRDEC have executed a robust LAMS 
program, erecting well over 100 shelters 
across the globe. Recently, 88 LAMS 
were added to the Force Provider War 
Reserve project. This will insure that 
systems are sustained and ready to 
deploy for future operations.

Shelters Spotlight JOCOTAS
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The growing importance of emerging operational energy capabilities 
and a fiscal imperative to improve efficiency and reduce sustainment 
costs wherever possible drives innovative solutions.

Industry is working on initiatives to broaden large shelter 
applications for tropical military applications. Canvas Specialty, 
a manufacturer of diverse shelters and shade structures, is 
working on a Controlled Humidity Protection (CHP) System 
that offers protection against corrosion, equipment degradation, 
and moisture induced failures. Company president Greg Naiman 
reports that “CHP incorporates radiant heat-reducing fabric so 
we can control both temperature and humidity.” His company 
provides an all-in-one kit that includes the fabric shelter, 
dehumidification unit, flooring, hygrometric controls, and 
lighting. The system is modular and transportable.  

Efficiency and Protection
The Air Force is investigating solutions to mitigate the use of 
fossil fuel in their existing family of shelters. The effort originated 
within the Joint Expeditionary Basing Working Group, and 

subgroups were created to jointly seek solutions. The Air Force’s 
BEAR Small Shelter Systems (SSS) were identified as low hanging 
fruit. The strategy is to provide a more energy efficient system to 
Warfighters by replacing, through attrition, existing shelter stocks 
using a performance specification. A joint buy with the Marine 
Corps was originally planned and approved by a 10 November 2010 
Joint Expeditionary Basing Working Group Council of Colonels. 
Due to the level of broad based assessment across JOCOTAS and 
rapid improvement in emerging technologies, the Marines and 
BEAR elected to wait until the Air Force’s Civil Engineering Center 
completes all of the energy efficiency research before starting a new 
acquisition. The dimensions of the Next Generation Small Shelter 
(NGSS) System will be similar to the current BEAR SSS with the 
addition of energy efficient specifics (e.g., liners, more efficient 
ECU). 

When we think of QoL, many would consider creature 
comforts; however, having a safe place to sleep at night is also 
important. NSRDEC began groundbreaking work in the area of 
expeditionary ballistic protection in 2004. Using the initial criteria 
provided by the Army’s Rapid Equipping Force and partnering 
with in-house body armor experts and the University of Maine 

Shelters Spotlight JOCOTAS
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New Shelter Fights Humidity 
Canvas Specialty has developed a Controlled Humidity 
Protection (CHP) Shelter that offers “total protection against 
corrosion, equipment degradation, and moisture-induced 
failures,” according to the company. Vital equipment is 
maintained in its original condition and combat-ready, 
regardless of the outside environment, and overall equipment 
maintenance costs are reduced by as much as 30 percent. 
This all-in-one system utilizes the powerful energy of a liner 
fabric with an extremely low moisture vapor transmission rate, 
a proprietary zipper seal to reinforce critical stress points, a 
dehumidifier with titanium-enhanced properties that aid in 
moisture removal of up to 9.1 pounds per hour, 75 degrees F 
at 300 scfm, and a heavy duty (yet lightweight) floor with a load 
capacity of 80,276 pounds per square foot at 72 degrees F.  

More info: can-spec.com
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Rigid Wall Hygiene Systems and 
Energy Efficient Shelters

The United States Air Force has awarded Sea Box a 
modification to their current contract to provide 45 additional 
BEAR Hygiene Systems over the next two years. Each 
hygiene system consists of shower and latrine shelters that are 
completely contained in expandable bicon containers that can 
be rapidly packed up for intermodal transport and redeployment 
anywhere in the world. The insulated, rigid wall shelters that 
make up this system can be heated or cooled to comfortable 
temperatures even in extreme weather conditions and are 
substantially more energy efficient than tent-based hygiene 
facilities.  

Sea Box was also recently invited by the NATO Support 
Agency to travel to Luxembourg and exhibit at the Alternative 
Energy System Demonstration. The company demonstrated 
the innovative design features of their Collapsible Re-deployable 
Shelters (CRS) with roof-mounted solar panel platforms. 
The unique collapsible design allows four shelters to be 
shipped as one twenty-foot equivalent unit for cost-effective, 
intermodal transportation. The fully insulated wall panels create 
a comfortable living space for soldiers with approximately five 
times the thermal efficiency of a temper tent.

More info: seabox.com

R
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Advanced Structures and Composites Center, several concept 
demonstration modular ballistic protection systems (MBPS) were 
developed.  

The rapidly deployed system provides Soldiers with complete 
sidewall protection on day one of their deployment. The system has 
evolved through multiple iterations, with each system providing 
more protection from threats affecting our expeditionary basecamps 
while stressing quick deployment and low system costs. The MBPS 
completed a Milestone A decision with a Milestone B decision 
scheduled for FY 15. MBPS is part of the Force Provider Program of 
Record. 

In addition to the sidewall protection provided by MBPS, recent 
work has been done to investigate providing expeditionary Overhead 
Threat Protection (OTP). Given that the system would have to 
withstand a direct hit, this has been a large challenge to overcome. 
Initial work is being done with Technical Products, Inc. (TPI) through 
Small Business Innovative Research (SBIR) funding. In Phase II of the 
SBIR effort, TPI has produced a full-scale prototype and subjected 
it to live blast loads. Initial results look promising, and further 
development will be performed with Phase II enhancement funding.
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DoD P&E: Please discuss some of the critical findings in 
your report.
Closson: I went in knowing that DoD is the world’s largest user of 
oil and that three-quarters of this is for operational energy—training, 
moving, and sustaining forces and weapons platforms—but what 
we discovered in our interviews was that moving 60 percent of U.S. 
forces to Asia will require a lot more fuel, more suppliers, more fuel 
transportation vessels, and more refueling infrastructure. And that 
is compounded by the fact that DoD projects that operational fuel 
demand will rise by 11 percent by 2025. 

The bottom line is operational fuel demand is going to continue 
to increase, and even if you’re on a path of aggressive initiatives to 
cut your fuel burden, your operational fuel use is still going to rise. 
So we concluded that the silver bullet is energy savings. This is the 
warfighter’s best weapon; it can enhance their range, their endurance, 
and sustainability. How to achieve savings through reduced fuel 
demand is a big challenge. 
DoD P&E: How does geography in the Asia-Pacific influence 
operational energy?
Closson: The most obvious challenge is the long distances—up 
to half the earth’s surface is in Pacific Command. The basing 
arrangements and U.S. forces moving will cover Southeast Asia, 
South Asia, Indian Ocean, and Northeast Asia. Sharon Burke, the 
former Assistant Secretary of Defense for Operational Energy, said 
in Congressional testimony that 3,000 gallons of fuel is burned from 
Bagram to Kandahar, but Singapore to Guam is 16,000 gallons. 
Logistical lines are going to be longer, bringing up new refueling 
challenges; there will be more sophisticated weapons, full-spectrum 
operations, and heavier naval and air assets. It’s a multiplying effect of 
fuel use. 
DoD P&E: Are you worried about high prices or a total lack 
of availability?
Closson: Market-wise, we always seem to manage price hikes. I’m 
more concerned about access issues. 

What is a little bit troubling for me is [the] different energy 
environment in the Asia-Pacific [compared to] the Middle East, 
which has oil and is close to the supply lines of Europe. The two 
fastest growing energy consumers in the world are China and India. 
By 2035, those two countries and the rest of the region will represent 
half of global demand. Much of the world’s oil will be moving there. 
Unfortunately, this area is resource poor relative to consumption. In 
addition, our two major allies in the region, Japan and South Korea, are 
100 percent oil import dependent. 

As consumption moves east, there is an assumption that Middle 
East oil will follow and that OPEC will keep consumers in mind 
when setting production quotas, with few disruptive events. This 
is a risky assumption because only Kazakhstan, China, and India 
have significant oil reserves in the region, and their reserves are only 
a fraction of their demand. Moreover, there is not a lot of political 
support in the region for alternative fuels production, and while 
China and Indonesia produce biofuels, they also consume increasing 
quantities. Our primary partner in the region, Australia, has a biofuels 
market, but an equally growing demand as well. 

We should be assuming different scenarios in which there are 
attacks on refineries, cyber attacks, anti-access/area denial situations, 
and blocked sea lanes. I had a very educational, off-the-record 
conversation a DoD expert. Fuel contracts are an efficient business, 
always fulfilled, and almost always delivered without hassle, he 
said. However, just because the path has gone rather smoothly does 
not mean we shouldn’t assess all the obstacles in the new logistical 
environment we’re entering in Asia. 
DoD P&E: What lessons can be learned from the U.S. 
experience in Iraq and Afghanistan?
Closson: I think there are lessons being learned from those two 
conflicts. First and foremost, operational energy matters for our ability 
to accomplish the mission. Iraq and Afghanistan have underscored 
that the military is highly dependent on energy-dense liquid fuel, 
and that is a constant target. Fuel convoys coming under attack hurt 
our ability to accomplish the mission, as admitted by high-ranking 
U.S. military officers. Fuel demand for ground-based forces created 
tactical vulnerabilities as supply lines were targeted by insurgents and 
units were diverted to provide force protection. Returning veterans 
described to me in detail that their best warfighters were guarding fuel 
convoys and losing their lives in the process. 

The second lesson is that we are going to face even more 
sophisticated adversaries in Asia, and the lessons of the last twelve 
years are not lost on our [potential] adversaries. I think our allies, [as 
well,] have learned that we will be even more susceptible to the severing 
of our logistics, energy, and command and control, which is vital to 

Policy Points Operational Energy in Asia

the Pivot
Operational Energy in the Asia-Pacific Theater

The U.S. military will confront different operational energy 
challenges as large numbers of forces transition from Central 
Command towards the Pacific region. To explain these changes, 
DoD Power & Energy Editor George Jagels spoke with Dr. Stacy 
Closson, who recently co-authored a report for the Center for 
National Policy entitled “Rebalance to Asia: Implications for U.S. 
Military Energy Use.”

Dr. Closson is an Assistant Professor at the Patterson School of 
Diplomacy and International Commerce and formerly worked in 
the Office of the Secretary of Defense. She is a Truman National 
Security Fellow and was named by the Atlantic Council an 
Emerging Leader of Environmental and Energy Policy.  

Powering
Some of the 42 ships and submarines representing 15 international partner nations 
maneuvering into a close formation during Rim of the Pacific (RIMPAC) exercise in 
July 2014. (Mass Communication Specialist 1st Class Shannon Renfroe)



tacticaldefensemedia.com DoD Power & Energy Fall 2014 | 15   

sustaining our power projection, but is reliant on fuel. The rebalance 
to Asia is expected to coincide with new, more powerful weapons 
platforms to support this power projection over a wide geographical 
area. We have learned that our supply lines cannot be tied to a single 
source. For example, in Afghanistan, our supplies were all going 
through Pakistan, then we realized that wasn’t sustainable and opened 
the Northern Distribution Network. I think that multiplied many 
times is going to have to happen in Asia. 
DoD P&E: Why and how do alternative fuels make a 
difference in this region?
Closson: Let me first say that we concluded in our report that 
probably the cleanest, most secure gallon of fuel is the one you 
never use. So it’s better to retrofit your fleet with energy efficiency 
technologies that cut your logistics tail. You cut your use of energy 
before finding an alternative to oil. 

The more fuel options, the more secure you are. I think of 
alternative fuels as a strategic asset; diversity of supply is kind 
of equivalent to a technology. Over the past decade, DoD [has 
explored] the use of second-generation drop-in biofuels. One policy 
recommendation we made was to allow for long-term procurement 
contracts to bolster the industry. Another policy recommendation we 
made is to increase R&D in these fuels. Though commercial airlines 
are using them, they do not as of yet coordinate with the military. R&D 
[funding] probably needs to come hand-in-hand with industry, where 
commercial airlines might create investment vehicles with the private 
sector, military, or alternative fuels companies—who are already 
working with the Chinese to create low-carbon fuels.

It occurs to me that displacing some oil in the Pacific will then 
require equally vulnerable logistics lines. So the question is “Who 
can ramp up biofuels productions? How is it going to be refined and 
where? How do you drop it in to your oil supply?” That can’t just be a 
government policy; it must be market-driven policy as well. No one I 
spoke with was clear on how to move this forward.
DoD P&E: What energy improvements can the Navy and Air 
Force make to better their operational capabilities?
Closson: Ninety-five percent of operational energy funds are 
spent on efficiency. The Navy, for example, is employing everything 
from stern flaps to hull coating to smart navigation to shipboard 
monitoring, etc. In the longer term, [all of the services will need to] 
focus on better integrating energy considerations into systems during 
the planning process and acquisition. The acquisition process is a 
decades-long process, and when the systems are finally delivered, 
some of the technology is outdated. For example, the Air Force’s 
next-generation stealth bomber is scheduled to appear in 2024 or 
so, meaning contemporary fuel efficiency technologies will likely 

be obsolete by the time it flies. The DoD is considering analytical 
methods to better consider fuel efficiency in weapons development 
and acquisition, but is not sure how to streamline production while 
consistently integrating energy efficiency technology. That’s not easy to 
accomplish. For example, ensuring defense contractors identify these 
future technologies and are flexible enough to integrate them into 
platform development over time is, I would guess, quite tricky. 
DoD P&E: Please discuss a few policy recommendations.
Closson: We didn’t mention this in our paper, but I would add that 
there should also be a “going out” strategy. Asia is home to a lot of 
technology adaptations—think of the Pacific islands with little or 
no conventional energy supplies—and partnerships should allow 
for global private partnerships so that we could identify and adapt 
technology. The Trans-Pacific Partnership could allow a more agile 
system to deal with intellectual property, accounting standards, and 
other obstacles to foreign sales. 

Regarding diplomacy, all of the Asia-Pacific nations have equal 
energy concerns as the U.S. In her Congressional testimony mentioned 
earlier, Sharon Burke discussed access agreements, liquid fuel delivery 
where there’s no infrastructure, and joint exercises with an energy 
component. [Though] DoD needs the operational energy and has a 
large force in Asia, they’re not too actively engaged in bilateral and 
multilateral discussions or have a go-to person for that. So we thought 
maybe there needs to be an operational energy task force with DoD, 
USDA, DoE, the State Department, and USAID to design these policies 
and programs with our allies. This would be an enhancement of our 
own interagency process and something we could deploy when we 
engage with other governments to have a multi-pronged strategy.

Policy Points Operational Energy in Asia

Selected policy recommendations 
outlined in Dr. Closson’s report: 
Pilot Project for Mobile Energy Savings Performance 
Contracts: Leverage private sector financing for energy 
efficiency upgrades to ships, planes, and other non-building 
assets. There would be no up-front cost to the government. 
This would be paid back over time through energy savings. 

Long Term Contracting Authority for Alternative 
Fuels Projects: Authorize long-term contracts up to 10 years 
to enhance developers’ ability to secure critical financing and 
recoup capital investments. 

Joint Technology Repository for Operational Energy 
Projects: Create a central repository with basic information 
on all operational energy-related programs for DoD operational 
energy stakeholders.

Warrior Power Executive Agent: Establish a DoD 
Executive Agent for warrior power to align and advance various 
on-going efforts across the services to measure and manage 
power demand from troop-borne equipment.

Renewable Energy and Energy Efficiency for 
Unmanned Systems: Authorize a pilot program for research 
into improving energy efficiency in unmanned vehicles.

Analytic Methods for Considering Operational 
Energy Use: Equip and train acquisition professionals to 
better consider fuel efficiency in weapons development and 
acquisition through the development of analytical methods.
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For Military Operations, Liquid Fuels Remain a Solid Choice over Natural Gas
By Bret Strogen and Patrick Lobner

Abundance and Utility

Fueling the Force Natural Gas

Military energy strategists often recount the British Royal 
Navy’s decision in the early twentieth century to convert 
ships from coal to oil fuel. This transition improved their 

capability by reducing fuel handling personnel, increasing ship speed, 
and doubling travel range, though it required expensive testing and 
retrofitting of ships with new engines, and introduced risks by relying 
on a less familiar fuel that would need to be sourced internationally 
(whereas British coal was plentiful). In hindsight a smart and inevitable 
decision, at the time many experts argued against the shift. Today, 
similar to the Royal Navy’s decision point a hundred years ago, any 
shift away from liquid fuels must undergo intense scrutiny to ensure 
such a transition increases the U.S. military’s capability. 

In recent years, the DoD has spent nearly $20 billion annually 
on energy; approximately three-fourths of this energy is considered 
operational energy (energy required for training, moving, and 
sustaining military forces) and consists almost entirely of petroleum-
based liquid fuels. Despite petroleum’s material advantages, depending 
on a single fuel source entails risk, and the DoD has long-been 
evaluating alternative fuels that may reduce the military’s petroleum 
reliance without compromising performance.  

Perhaps most publicized—and criticized—are DoD initiatives 
to develop and certify “drop-in” alternative fuels (i.e., fuels that are 
interchangeable with petroleum-derived fuels and compatible with 

existing infrastructure and engines). In addition to several biofuels, as 
discussed in the November 2013 issue of this magazine, the military 
services have also approved the use of natural gas-to-liquids (GTL) 
and coal-to-liquids fuels produced via gasification and Fischer-
Tropsch (F-T) synthesis. These efforts increase operational flexibility 
in places where alternative fuels may be integrated into traditional 
fuel supplies. Although F-T fuels run seamlessly in applications 
designed for petroleum fuels, the conversion process is energy intensive 
and facilities are capital intensive. Additionally, there are only five 
operational GTL plants in the world (two in both Malaysia and Qatar 
and one in South Africa). As recent developments are increasing the 
supply of natural gas domestically (and globally), it is worth exploring 
whether it could be a suitable fuel for our military in its common form.

Even though global consumption of natural gas will soon exceed 
two-thirds that of liquid fuels on an energy basis, the majority is used 
for industrial purposes and power generation, not transportation. 
Nevertheless, Federal mandates have facilitated the DoD’s adoption 
of natural gas for a small fraction of its non-tactical transportation 
needs—the technology for which has improved notably since civilians 
drove “gas bag vehicles” during World Wars I and II. 

Today, its fleet of about one thousand natural gas vehicles operates 
across hundreds of bases throughout the country. However, this usage 
is limited to domestic non-tactical vehicles for predominantly short-

A U.S. Navy refueling probe crosses over the South 
China Sea. Though liquefied natural gas is a viable 
naval fuel, the dangers of a phenomenon known as 
rapid phase transition, which could lead to a physical 
explosion during underway replenishment, must be 
explored. (Marc Rockwell-Pate)
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distance trips. Due to the expense of new natural gas infrastructure 
and vehicles, it is unclear if this fleet will grow substantially, despite low 
natural gas prices and policies that favor alternative fuels.  

Turning to the DoD’s tactical fleet, which includes combat and 
combat support vehicles, ships, and aircraft, the adoption of natural 
gas—whether as compressed natural gas (CNG) or liquefied natural 
gas (LNG)—poses unique challenges.  

The first challenge is one which almost any owner of a natural 
gas vehicle can readily identify—an underdeveloped natural gas 
refueling infrastructure. Thus consumer “range anxiety” is somewhat 
warranted: according to the Department of Energy, across the United 
States there are approximately 1,400 CNG and 100 LNG (public 
and private) refueling stations, compared to about 150,000 retail 
fueling stations. While analyzing the number of refueling stations 
does not provide significant value for the DoD, looking at the global 
infrastructure that supports those refueling stations definitely does. 

As most DoD fuel purchases occur outside the contiguous United 
States, simply expanding U.S. infrastructure does not address the 
challenge. Although a few South Asian and South American countries 
have a more extensive network of CNG refueling stations than the 
United States, a majority of the world would be unable to support 
the demand of U.S. forces. In contrast to the approximately 100 
million barrels of liquid fuels that are transported across the globe 
by commercial ocean tankers, trucks, pipelines, aircraft, and rail, 
comparatively little natural gas is transported to meet U.S. military 
demands. Any fuel adopted by the Pentagon must be globally available 
and efficiently distributable.  

Another major challenge is that, unlike most alternative fuels being 
explored by the DoD (including GTL fuels), natural gas is not a “drop-
in” fuel. The Pentagon designed its forces around a “one battlefield, one 
fuel” construct, and would have to undertake a long-term, expensive, 
and large-scale effort to both retrofit platforms and build new 
platforms with a capability to use natural gas. Conversely, “drop-in” 
alternative fuels, while not necessarily globally available, do not require 
refitting of engines or draining of pipes and tanks that usually handle 
traditional fuels.  

Supposing the global natural gas infrastructure matured and the 
DoD developed a natural gas force, would the DoD force be a better, 
more capable force? It appears not.

First, CNG and LNG have a significantly lower volumetric energy 
density than traditional liquid fuels (despite a higher gravimetric 
energy density), and furthermore, natural gas engines do not deliver 
notably superior performance—such as greater power density or 
energy efficiency—over traditional fuel engines. This leads to two 
important realities. First, larger fuel tanks are needed to maintain 
a comparable range. Second, more fuel (by volume) needs to be 
moved around the world to accomplish the same mission, while 
simultaneously accommodating both compressed or cryogenic 
transport requirements and longer refueling times. Growing its already 
stretched logistics tail is something the DoD should not do, especially 
given the logistical challenges that the military encounters in high-
threat contested environments. 

Second, there is uncertainty as to whether natural gas tactical 
platforms would be as safe as their traditional fuel equivalents. Military 
platforms are designed to be robust for the combat conditions likely 
to be encountered in the battlefield. As was vividly seen during the 
past decade, threats such as improvised explosive devices posed 
grave dangers to U.S. forces and vehicles. Natural gas has different 

flammability properties than traditional liquid fuels, and as CNG 
tanks are under high pressure, further investigation of burst and fire 
hazard risks—particularly under simulated combat conditions—would 
be required. At sea, LNG poses an additional consideration if the U.S. 
Navy continues its extensive use of underway replenishment: LNG, 
under certain conditions, may undergo a phenomenon known as 
rapid phase transition, a near spontaneous generation of vapors as 
cold LNG is vaporized from the heat gained upon contact with open 
water—leading to a physical explosion. As underway replenishment 
is conducted in very close ship-to-ship proximity, the risks of an LNG 
spill would have to be explored.  

Finally, for the time being it is unlikely that the DoD would reap 
notable cost savings, despite the low cost of natural gas relative to 
petroleum in the United States. Again, because the military purchases a 
majority of its fuel overseas, and there is not yet a global price of natural 
gas (unlike petroleum), the DoD would pay regional market prices that 
exceed U.S. prices; for example, the average natural gas price in Europe 
was approximately three times higher, and in Japan four times higher, 
than the U.S. price over the last two years. Hence, the department’s 
cost-benefit analysis is much different than that of commercial and 
municipal heavy duty fleet operators—many of which have already 
started converting their trucking fleets to natural gas.

In totality, these challenges present a difficult case to 
advocate for the widespread adoption of natural gas for 
military platforms. The growing demand for natural gas in 
industrial applications, commercial vehicles, and other mobility 
applications is mainly fueled by cost and environmental factors—
not utility. Overseas, Norway has been strongly encouraging the 
development of maritime LNG platforms with passenger ships, 
product tankers, and offshore support vessels. Domestically, large 
rail carriers, tugboat operators, and the U.S. Coast Guard are 
evaluating natural gas (LNG in particular), as it may be suitable 
for routine domestic routes where refueling infrastructure can 
be assured. Some researchers have even explored the potential 
costs and benefits of LNG-fueled commercial aircraft. And on 
highways, companies like Cummins and Westport Innovations 
have advanced “dual fuel” truck engine technology, pushing 
engine performance closer to parity with traditional diesel 
counterparts. 

As engine technologies advance and natural gas infrastructure 
grows, a few of the challenges related to the Pentagon’s specific 
requirements may diminish. For the foreseeable future, however, 
the DoD’s use of CNG or LNG will remain limited to non-tactical 
vehicles or applications with well-defined domestic missions, and 
the department’s use of GTL fuels will likely remain the primary 
form in which natural gas may be used (albeit indirectly and 
infrequently) for operational purposes. Nonetheless, so long as 
natural gas is being used for applications that enable it to displace 
demand for petroleum—whether for transportation, military, or 
industrial purposes—the DoD and the nation may expect to have 
improved access to affordable fuels.

Bret Strogen is an AAAS Science & Technology Policy Fellow, 
Office of the Assistant Secretary of Defense for Operational Energy 
Plans and Programs (OEPP), U.S. Department of Defense. Patrick 
Lobner is an Associate at Booz Allen Hamilton. The opinions 
expressed in this article reflect those of the authors alone.
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Accelerating the development and deployment of new energy solutions for the US military.  

This summit delivers the entire defense energy ecosystem,  
focusing on the needs and solutions of energy providers,  
project financiers, early/growth stage companies, defense  
contractors, military installations and purchasing agents.

For a 10% registration discount, please use code: 14TACM10
Discount codes do not apply to Active Military/Student fee. 
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