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The Pentagon’s commitment to achieve energy efficiency is gaining momentum with
each passing month. An example of these efforts can be seen in the Blue Angels’ F/A-18
Hornet aircraft that used a biofuel blend during their performance at the Naval Air Station
Patuxent River, MD Air Expo last summer. All six Hornets were powered by a 50/50 blend
of conventional JP-5 jet fuel and a camelina-based biofuel. Demonstrations by the Blue
Angels are just one example of the Department of the Navy’s commitment to reducing
fossil fuel use without compromising capability. Shortly before Labor Day weekend 2011,
Secretary of Agriculture Tom Vilsack, Secretary of Energy Steven Chu, and Secretary
of the Navy Ray Mabus announced the next step in the creation of a public-private
partnership to develop drop-in advanced biofuels for the services.
The secretaries issued a request for information (RFI) laying out the administration’s goals,
assumptions, and tools, and requesting from industry specific ideas for how to leverage
private capital markets to establish a commercially viable drop-in biofuels industry. The
critical information gathered through this process will help accelerate the development
and use of these biofuels, reduce the nation’s demand for foreign oil, and strengthen
rural America. The issuance of the RFI speaks additional volumes about the Obama
Administration’s efforts to back up its talk on obtaining energy efficiencies with action.
Tactical Defense Media remains concerned that these and other positive, dramatic gains
the DoD has made in helping the nation achieve a secure energy future are at risk during
efforts to find a solution to the national financial struggle. Last month, Senator John
McCain, the ranking Republican on the Senate Armed Services Committee, criticized the
U.S. Navy’s efforts to develop biofuels, saying the costs, $400 a gallon for 20,000 gallons
of fuel risks “a Solyndra situation,” the Fremont, California-based solar panel company
which went bankrupt after the government spent nearly $535 million in taxpayer funds
supporting it.
With clarity that defense spending must and will be part of the solution to balance the
nation’s budget and reduce its debt, Defense Secretary Panetta has noted reductions
in defense spending that will result from legislation signed by the President last August
-- $350 billion over 10 years -- are in line with what DoD leaders were anticipating. There
seem to be no objections to DoD paying its fair share to strengthen the nation’s economy
– but most agree that any fiscal budget reductions must take sound strategy and policy
into account – in particular, in efforts to obtain energy efficiencies.
I look forward to hearing from many of you regarding progress in the power and energy
space. Your feedback and comments are welcome!
Kevin Hunter
Editor
(DoD PEP)
Kevin@tacticaldefensemedia.com
301-974-9792

Special Sections
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Expeditionary Energy:
A Marine Corps Perspective
By Fred C. Lash, U.S. Marine Corps Warfighting Laboratory

Last August, at the Marine Corps Air-Ground Combat
Center, Twentynine Palms, CA, the second of two Expeditionary
Forward Operating Base (ExFOB) demonstration events
attracted several companies interested in presenting their
technology solutions to the Corps’ drive to “lighten the
MAGTF” (Marine Air-Ground Task Force).

and a plan for implementation by 2015. This strategy
supports Congressional and Department of the Navy goals
to increase energy security through the use of alternative
fuels and energy efficiency. The posture statement reads in
part, “Since 2009, we have aggressively pursued renewable
energy and energy efficient capabilities that will make Marine
units more energy self-sufficient, and ultimately increase our
combat effectiveness.”

“Lightening the MAGTF,” in the words of the
Marine Corps Commandant, General James F.
Amos, is “a measure aimed at reducing the size,
Expeditionary Energy
weight, and energy expenditure of our forces from
in A fghanistan
the individual rifleman to wholesale components
of the MAGTF.” In his March 2011 report to
According to Major Sean Sadlier, logistics
Congress, “The posture of the United States Marine
analyst with the Marine Corps Expeditionary Energy
Corps,” General Amos stated that the Corps is
Office (E2O), “The Marine Corps as a whole is
leading the development of expeditionary energy
focused on the expeditionary aspect of taking
solutions for the Department of Defense and the General James F. Amos water and energy into the battlefield and moving
Department of the Navy, “reducing energy demand USMC Commandant around.” Major Sadlier spent nearly a year at Camp
in our platforms and systems, increasing the use of
Leatherneck in Afghanistan, where he supported
renewable energy, and instilling an ethos of energy and water Regional Command Southwest as troops there tried out
efficiency in every Marine. Our priority is force protection- the latest renewable energy products in an “extended user
saving lives by reducing the number of Marines at risk on evaluation.”
the road hauling fuel and water. We also aim to help Marines
travel lighter and move faster through the reduction in size
One of these was the Solar Portable Alternative
and amount of equipment and the dependence on bulk Communications Energy System (SPACES), a set of handheld
supplies.”
devices that can not only run on solar power, but are also
able to plug into a truck to recharge or can scavenge energy
In February 2011, the Commandant issued a “Bases to from batteries. Sadlier said they proved to be so popular that
Battlefield” Expeditionary Energy Strategy Implementation the six initial units were expanded into 96 units.
Planning Guidance, which sets goals, performance metrics,
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Another system tried out under Sadlier’s direction was a
prototype for the Ground Renewable Expeditionary Energy
System (GREENS), a portable, hybrid solar generator. At
Patrol Base Boldak, not far from Camp Leatherneck, two
GREENS units were put into use. According to Sadlier, “The
entire command operations center was being powered by
these two hybrid systems. While there was no maintenance
support for the generators and the test run was not without
its problems, it actually worked much better than we had
thought it would. At the end of the evaluation period, they
didn’t want me to take them back.” A more rigorously tested
version of GREENS is to be put into use in Afghanistan in
December of this year.
At Patrol Base Boldak, units also tested LED lights,
solar-powered refrigerators and insulating tent liners which,
coupled with the hybrid generators, yielded about an 80
percent savings in energy, according to Sadlier.

In

the D esert at Twentynine
Palms—August 2011

In mid-August of this year, twelve pre-selected vendors
set up camp on a remote area—known as experimental
forward operating base, or ExFOB—that simulates a Marine
Corps outpost in Afghanistan. Most of the companies were

commercial suppliers of renewable energy systems, and
were hoping to capitalize on the Marine Corps’ growing
appetite for green products. Marine leaders plan to spend
millions of dollars on clean-energy technologies that will
help bring down fuel costs and increase the energy selfsufficiency of deployed forces in combat zones.
In Afghanistan, the Marine Corps uses 200,000 gallons
of fuel per day. Most of that fuel is consumed by electricity
generators. By replacing conventional generators with
hybrid solar systems, Marines could potentially drop their
fuel demand by half. The ExFOB is the brainchild of former
commandant Gen. James Conway, who decided that the
traditional military procurement system was not going to help
the Corps get what it needed, on the desired timeline.
The ExFOB functions as a small, highly select ‘trade
show.’ Applicants are carefully vetted before being allowed
to bring products to the base. Marines want “mature” offthe-shelf technologies that are in production and could be
deployed quickly. Buyers get to see the products operating
in a war-like environment and can better determine whether
they suit Marines’ needs.
The ExFOB at Twentynine Palms was the third such event
the Marine Corps has hosted since 2009. It focused on

PROMOTING NATIONAL SECURITY SINCE 1919

E2S2

ENVIRONMENT,
ENERGY SECURITY
& SUSTAINABILITY

SYMPOSIUM & EXHIBITION

GOVERNMENT & INDUSTRY PARTNERSHIPS:
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two areas: (1) Concentrated solar harvesting technology to
produce power and hot water at remote forward operating
bases; and (2) systems that increase the fuel efficiency of
tactical vehicles. Stakeholders from across the Marine Corps’
requirements, acquisitions, and technology development
communities came to the ExFOB at Camp Wilson to check
out how their energy efficiency experiments were holding up
in the extreme desert environment.
“There’s been an understanding for some time within the
Defense Department that we could be doing better for our
soldiers, Marines, sailors, and airmen,” said Sharon Burke,
the assistant secretary of defense for operational energy
plans and programs, who was touring the ExFOB.
Also showcased during the ExFOB were various types
of concentrated solar harvesting equipment. A step above
the typical flat panel solar array, these products track the
movement of the sun. The small panels produce more power
per square inch than a standard flat panel. Solar arrays not
only produce power, but also provide hot water at remote
bases.
“The ExFOB is an opportunity for industry to demonstrate
what it currently has to offer,” said Major Patrick Reynolds,
the branch head of the Logistics Combat Element Technology
Division, Marine Corps Warfighting Laboratory. “There is also
an opportunity for the Marine Corps to shape what industry
is doing.”

battery logistics. ExFOB has guided the development of new
requirements and has informed Marine Corps investment
and acquisition discussions.
The next ExFOB will be held at Camp Lejeune, North
Carolina in early May 2012. The intent is to seek solutions
supporting the individual Marine/small unit power and water
needs specifically focusing on solutions enhancing the
combat effectiveness of the Marine Expeditionary Unit (MEU)
at sea and when employed ashore.
The USMC ExFOB Team is interested in gathering
information to further its understanding of currently available
technologies that could enhance the logistics sustainability
of remote Forward Operating Bases engaged in combat
operations. Specific areas of interest for ExFOB 2012
include: (1) Wearable Electric Power Conversion and
Distribution Systems; and (2) Lightweight, Man-Portable,
Water Purification Systems for Individual/Fire Team/Platoon
Level Internal Resupply. Technologies of interest are those
that would most rapidly and effectively enhance the selfsufficiency of forward deployed, individual Marines operating
from a FOB or naval shipping.

More info: fred.lash.ctr@usmc.mil

The Way Ahead
The Expeditionary Energy Strategy is a framework to
create a more capable MAGTF, lighter than today, less
dependent on liquid and battery logistics with greater
operational reach—at less risk. The mission: “By 2025, we
will deploy Marine Expeditionary Forces that can maneuver
from the sea and sustain its C4I and life support in place; the
only liquid fuel needed will be for mobility systems, which will
be more energy efficient that the systems are today.”

SPACES
Designed

●

Built

●

Delivered

According to Colonel Robert J. Charette, Jr., director of
the Expeditionary Energy Office (E2O), “To measure progress
towards accomplishing the mission and to gain institutional
momentum, the Corps has established a baseline with
benchmarks. Historically, the Corps has not kept data on fuel
use and equipment employed by the MAGTF in conflicts—
until Afghanistan and Operation Enduring Freedom. Unlike
planning factors—which have not matched the reality of the
force as employed—OEF provides real data, a reference
point that resonates with the institution and leadership.”

The Next ExFOB

in

May 2012

Since March 2010, the Marine Corps has held an annual
ExFOB event as a venue for industry to demonstrate its
latest expeditionary energy capabilities. Over the past two
years, the ExFOB Team has accelerated “concepts-tocombat” to reduce the warfighter need for fuel, water, and
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wind power:
Wind Power Systems, LLC is in initial production
and delivery of its Black Swan line of aerospace
influenced Vertical Axis Wind Turbines (VAWT),
a rugged, compact, and affordable alternative to
larger, more expensive energy options.
By H. Logan Pierson
Founder/Chief Executive Officer

Wind Power Systems, LLC (WPS) has challenged the status
quo of dependence on electric utilities by manufacturing a novel
line of products specifically engineered to provide clean, trouble-free
energy independence in a variety of static and mobile applications.
With a high efficiency, patent pending, Black Swan line of vertical
axis wind turbines for the commercial, residential, governmental,
military, and emergency “small and micro wind” markets, WPS
recently completed production of the fourth generation design
and wind tunnel analysis in late 2011 at the Rowan Williams
Davies & Irwin Inc. (RWDI) wind tunnel facilities in Miramar, FL.
WPS aerospace and mechanical engineers/scientists performed a
complete design review and system optimization using wind tunnel
testing and computational fluid dynamics.

On Whispering Winds
The scientific research to optimize the efficiency of the Black
Swan design resulted in a market differentiated, ultra-efficient wind
power system with significant blade size to capture and generate
more energy from the lightest possible winds.
The Black Swan units feature aluminum hardware for quality,
ease of assembly and disassembly, and long-term structural
integrity. WPS also continues to explore the use of composite
materials, for larger turbines.
WPS is currently working with Distributors, Manufacturer
Representatives, and Logistics Networks to assist in the
development of sales, installation maintenance services nationwide,
and Depot Repair. A host of companies have expressed interest in
undertaking integration and installation of our VAWTs throughout the
US and overseas.
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WPS turbines can be compact and light-weight for rooftop
or pole mounted installation. The units are easy to transport,
assemble, and install, thus eliminating many of the challenges of
traditional turbines. Specialized flat shipping containers are easily
stacked, stored and shipped. Assembly typically requires only two
people following simple instructions, which makes it ideal for export
and rapid deployment in mobile environments.
Additional clean-tech areas that WPS is actively considering
include:
1. Mobile power solutions with solar, wind, and energy storage
on a telescopic solution for DoD and commercial applications
2. Hi-capacity lithium battery technology that is compact and
light weight
3. Mobile custom electronic solutions to manage multiple
sources of energy and load balancing
4. Maritime Off Shore turbine powered systems

A Position of Power
WPS is currently finalizing designs for Black Swan units capable
of producing 200, 1,000, 3,000 and 5,000 watts for a wide variety
of market demands. Production is scheduled to commence in April
to meet the response from commercial and DOD interest. A 5,000
watt specialized motor/generator has also been identified for vertical
turbine blade testing.
WPS initial production Black Swan systems have rated power
output of 400 watts. WPS is committed to maintaining its customer
satisfaction by offering an industry-leading 10-year limited warranty.
Production and delivery of the Black Swan 400 watt turbines
for residential applications were delivered February 2012 with
anticipated monthly shipments of 25 to 50 units pending final
customer approval.

More info: Frank@windpowersystemsllc.com

www.tacticaldefensemedia.com

More Effective
Propulsion Systems Take Flight

New and innovative propulsion systems are in
development for manned and unmanned air
systems.
By Marty Kauchak, DoD PEP Correspondent

A confluence of events is encouraging the Pentagon and
its industry partners to dramatically improve the power and
propulsion systems on its fleet of manned and unmanned
aircraft. While the services are improving the fuel consumption
and gain other efficiencies in their air vehicles’ systems, at the
same time they are also working to make these vehicles perform
as needed to dominate an increasingly complex, 21st century
battlefield.

Army Programs
The U.S. Army is engaged in some intriguing, futureleaning efforts to develop advanced turbine engines for military
rotorcraft.
In one area, the Army is actively participating in the DoD,
NASA, DOE Versatile Affordable Advanced Turbine Engine
(VAATE) program. VAATE is a cooperative, government-industry

www.tacticaldefensemedia.com

program to develop, demonstrate, and transition advanced
multi-use turbine engine technologies. The program is expected
to provide revolutionary improvement in affordable capability
for a broad range of current, emerging, and future military
propulsion and power needs, with explicit versatility for dualuse applications, explained Ming-Leung Lau, the Chief of the
service’s Power Systems Division Aviation Applied Technology
Directorate. The Fort Eustis, Virginia-based senior civilian went
on to note that his service has the DoD lead in developing
affordable, advanced technology in the turboshaft / turboprop
engine class and has developed a roadmap of technology
demonstration programs to provide significant improvements
in turbine engine technology for primary application to manned
and unmanned rotorcraft. “These programs are time phased
with progressively more challenging program goals including
metrics of specific fuel consumption, horsepower-to-weight (hp/
wt) ratio, and production and maintenance costs.”

Turbine Engines and Beyond
The Army is currently executing two competing 3,000
horsepower engine demonstrator efforts, known as the
Advanced Affordable Turbine Engine (AATE) program. General

DoD Power, Energy & Propulsion Q2 2012 | 7

Electric is performing one program and Advanced Turbine
Engine Company (ATEC), a joint venture of Honeywell and
Pratt & Whitney, is working the other program. These science
and technology (S&T) efforts are maturing advanced turboshaft
engine technology to reduce the risk of a planned follow-on
engine qualification effort to develop a new engine for application
to the Blackhawk and Apache rotorcraft. The goals of the
AATE program include a 25 percent reduction in specific fuel
consumption (SFC) and a 65 percent improvement in hp/
wt compared to current fielded engine technology. The AATE
technology is also relevant to future rotorcraft concepts, such as
Joint Multi-role (JMR) variants which are currently being studied
to address future vertical lift needs of the armed services. The
AATE program is scheduled for completion in FY12.
The Army is scheduled to award the next phase of
advanced turboshaft engine S&T development in early fiscal
year 2012. This program, called Future Affordable Turbine
Engine (FATE), will push the technology base beyond AATE
by targeting improved cycle efficiencies and affordable design
approaches that will yield a 35 percent reduction in
SFC, an 80 percent improvement in hp/wt, and a 45
percent cost reduction compared to current engine
systems. The FATE demonstration is specifying a
5000-10,000 horsepower range which is relevant to
multiple commercial and military applications including
the CH-47 Chinook, V-22 Osprey, and the CH-53K
Super Stallion. The FATE technology will also be
applicable to the larger envisioned JMR variants. The
FATE program is scheduled for completion in FY2016.

NWUAV is a major provider of gasoline and heavy fuel (piston and rotary)-powered engines to the military
UAS community. (NWUAV photo)

NWUAV is a major provider of gasoline and heavy fuel (piston
and rotary)-powered engines to the military UAS community.
Chris Harris, President and Owner of the McMinnville,
Oregon-based company, explained that his entity is
primarily an engine system integrator, working with
companies such as Ricardo, Rotron, Cubewano,
Ultra, 3w, Desert Aircraft, Apex drives, Vari Prop
and others, to manufacture and/or distribute fully
assembled and tested engine systems. Other sub
components supplied by NWUAV include custom
generators, stealth mufflers, highly efficient cylinder
cooling systems and extremely quite propeller blade
Chris Harris
designs.
NWUAV

Lau pointed out the key challenges to obtaining
the aggressive AATE and FATE performance goals
is developing the materials technology and novel cooling
technologies to withstand the elevated temperatures and
pressures without sacrificing the component lives, durability,
and operability characteristics required by Army engine
specifications. “The challenging cycle efficiencies also demand
advancements in aerodynamic design features and affordable
manufacturing technologies that enable efficient and complex
component designs to provide the significant performance
gains sought.”

The Army leader emphasized that industry is an active
partner in the development of advanced turbine engine
technology. “The dual-use nature of this technology for both
military and commercial platforms ensures significant cost share
participation (more than 50 percent) in the S&T demonstration
efforts. Industry also supplements this direct cost share
contribution by investing its own internal R&D and corporate
funds to build up test infrastructure and mature high impact
technologies such as advanced material systems.”

UAV System Trends
Tactical Defense Media learned of a number of developments
in UAS propulsion and power systems from industry leaders
during the 2011 AUVSI conference in Washington, D.C.
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NWUAV has been supplying engines to Insitu
since 2005 whose aircraft are in service throughout the DoD.
Internal combustion engines are in demand and here to stay for
the foreseeable future, in part, because they provide the levels
of UAS endurance required by operators in all domains, Harris
said. “The Scan Eagle will easily stay up over 12 hours – Insitu
advertises 24 hours and this versus a battery system in the
same aircraft would last approximately 2-3 hours. We recently
conducted an energy density study and found that JP-5 has
approximately 75 times the energy density (by weight) of Li-Ion
batteries. When engine efficiency is taken into account, as well
as the weight of the energy stores being carried, that number
drops to approximately. 33 times more efficient in terms of
usable shaft energy over an electric system. A heavy fuel
engine is going to be hard to beat.”
In addition to endurance, Harris pointed out other important
state-of-the-art advancements in his engine portfolio. “With
our muffler system on an engine the propeller becomes the
dominate noise signature and has been confirmed via MIL-STD
1474D testing to be as quite as an electric driven propeller.”
This is a compelling reason to continue refining the former type
of engine’s baseline technology for these systems. In an effort
to reduce propeller noise further - NWUAV recently signed a
licensing deal with Ellipse Propellers, whose unique propeller
design has proven to drop the noise signature of the propellers
dramatically.

www.tacticaldefensemedia.com

with its fuel cell–powered, operational UAS. The extended flight
time was completed with a full mission load.
The integrated hybrid UAS propulsion system was designed
to take full advantage of their fuel cells for their high energy
density, and lithium polymer (LiPo) batteries to provide short
bursts of power in important maneuvering situations.
What EnergyOr hopes to accomplish with the PEM fuel
cell is to close an operational gap with the current generation
of electric batteries, including the LiPo battery, a product of
choice in many UAS electric propulsion systems. The battery
tends to be cheaper but does not deliver the military customer’s
requirements for endurance.
Quallion supplies the DoD with batteries that are required to power various electronic
components and other sub-systems.(Quallion photo)

While NWUAV’s engines operate with all heavy fuels they
have not supported missions using biofuels.
Another supplier of engines to the UAS market is Ricardo.
The company delivers the small, fuel-efficient, durable line
of Wolverine engines that operate on heavy fuel. The firm’s
engines are based upon the company’s heritage of providing
automotive engines. Ronald Storm, Ph.D., Director of Military
Business Development, said “We’re one of the first companies
that has taken automotive engineering capabilities to the heavy
fuel engine community. I often get asked, ‘Why is so hard to
build a heavy fuel engine? Our response is: ‘It’s not hard to
do.’ Ricardo works on hundreds of engines a year – it’s what
we do.”
Ricardo has teamed with other companies, including XRDi
(with competencies in fuel injection design) to deliver the
Wolverine engine alliance.
The Wolverine engines are rated at 3 horsepower (hp), 6 hp,
12 hp, 17 hp, 25 hp and 35 hp. The 35 hp model is provided
in air-cooled, liquid cooled and in-line models. To further
place the engines’ capabilities in perspective, a 35 hp engine
would typically be installed on a tactical UAS (on the order of
Shadow)-sized vehicle.

“Flights of up to 10 hours are just a dream for smaller, electric
military UAVs,” Thomas Jones, Manager of Systems Design and
Integration at the company, pointed out. He continued, “Most
are flying for two to two and one-half hours – we have extended
their flight time by a factor of four.”
EnergyOr’s fuel cell system has also been successfully
integrated into Israel Aerospace Industries’ Bird Eye 650 UAS,
and also extended that vehicle’s flight endurance significantly.
Michel Bitton, EnergyOr’s President and CEO, summarized
his goals for UAS integration of the fuel cell system. “The main
target is endurance, robustness, reliability and to have the
confidence that the system is meeting the requirements.”

On the Horizon
Ricardo is developing a 55 hp Wolverine engine. This
is a natural progression in the Wolverine portfolio as the
engines all have common cylinder sizes. “We’re using common
components to reduce the logistical cost and design times,”
Storm said.
The latest Wolverine engine is expected to be available to
the community as this issue is being published.

Beyond engines, Quallion supplies the DoD with batteries
that are required to power various electronic components and
other sub-systems on a variety of voltages. The UASs that
are powered by Quallion’s products are the U.S. Air Force
and CIA’s Predator, the U.S. Air Force Research Lab’s X-51A
Waverider and NASA’s PA-1.

As part of one DoD energy efficiency mandate, NWUAV is
completing a hybrid engine research project sponsored by the
Air Force Research Laboratory. Harris assessed the prospects
for UAS hybrid technologies (heavy fuel, gas-electric), noting
“it doesn’t necessarily mean it will have better endurance in all
cases, and of course there is a scalability factor there, but the
‘hybrid’ could mean that it does multi-functions – for example
the engine shuts down and drives the prop via an electric motor
- there’s a big push for that. There’s also a push for a dedicated
heavy fuel engine to provide electrical power to drive an electric
motor for the propeller – so you get away from gear reductions
and/or transmissions depending on the application.”

Another company, EnergyOr Technologies, incorporated
in 2002, reports progress in its efforts to develop advanced
proton exchange membrane (PEM) fuel cell systems for
UAS applications. Last August, the Montreal-based company
demonstrated a long endurance flight of more than 10 hours

contact@tacticaldefensemedia.com

Ricardo delivers its engines to the major UAS OEMs and
other industry entities.
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Military Perspective
Net Zero Equals
Energy Efficiency
Katherine Hammack
Assistant Secretary of the Army for Installations, Energy and
Environment (ASA IE&E)
Katherine Hammack was appointed as the ASA IE&E by
President Obama on June 28, 2010. She is the primary advisor
to the Secretary of the Army and Chief of Staff of the Army
on all Army matters related to installation policy, oversight
and coordination of energy security and management. She
is also responsible for policy and oversight of sustainability
and environmental initiatives; resource management including
design, military construction, operations and maintenance;
base realignment and closure (BRAC); privatization of Army
family housing, lodging, real estate, utilities; and the Army’s
installations safety and occupational health programs.
Ms. Hammack was interviewed by DoD PEP Editor
Kevin Hunter.
DoD PEP: Update us on the Army’s progress to achieve the
Net Zero concept.
Hammack: The Army’s Net Zero Installation vision is to
appropriately manage our natural resources with the goal
of striving towards Net Zero Installations. The program
establishes a framework of reduction, re-purposing, recycling
and composting, energy recovery, and disposal to guide them
towards achieving net zero in an environmentally responsible,
cost-effective and efficient manner.
On April 19, 2011, the Army identified six Net Zero Pilot
Installations in each of the Energy, Water, and Waste categories

and two integrated installations for a total of 17 different
installations. Additionally, the Oregon Army National Guard will
address Net Zero Energy at all installations within the state. The
table below lists the installations identified in each category.
A programmatic National Environmental Policy Act Environmental
Assessment (EA) is underway. The EA will evaluate the various
behaviors, processes, and technologies that can be used to
achieve Net Zero and associated environmental impacts and
mitigation.
From June 14-16, 2011 we held the first Net Zero Workshop
to provide a venue for pilot installations to come together and
share ideas and resources. In addition to this workshop, each
pilot installation is participating in monthly conference calls. We
are in the process of finalizing a score card to track installation
progress as they strive towards net zero.
We are currently in the early stages of planning for a follow-on
Net Zero Installation workshop in January 2012.

Energy

Water

Waste

Integrated

Fort Detrick, MD

Aberdeen Proving Ground, MD

Fort Detrick, MD

Fort Bliss, TX

Fort Hunter Liggett, CA

Camp Rilea, OR

Fort Hood, TX

Fort Carson, CO

Kwajalein Atoll, RMI

Fort Buchanan, PR

Fort Hunter Liggett, CA

Parks Reserve Forces
Training Area, CA

Fort Riley, KS

Fort Polk, LA

State-Wide

Sierra Army Depot, CA

JB Lewis-McChord, WA

JB Lewis-McChord, WA

OR ARNG

West Point, NY

Tobyhanna Army Depot, PA

USAG Grafenwoehr,
Germany
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Colonel Courtney Paul (right), Director of the Capability Development and Integration Directorate at Fort Leonard Wood, Missouri guides the Honorable Katherine Hammack through a
Forward Operating Base at Fort Leonard Wood that is using alternate energy sources, such as solar. (U.S. Army photo)

Each installation is unique and no silver bullet or one size fits all
to achieve their net zero status exists. Installations will utilize
a variety of strategies to reach net zero. Installations will not
be forced into a specific strategy; instead lessons learned at
each pilot installation will be highlighted for use by other Army
installations.

and timelines and as well as delineate roles and responsibilities
for stakeholders to ensure projects are fully vetted. This effort
will allow the Army to more effectively engage industry.

DoD PEP: As a follow-up, industry is an important
stakeholder in achieving Net Zero. Describe how the Army
is removing contracting and other acquisition impediments
to make industry a more effective partner in the process.

Hammack: The Army does align with the U.S. Department
of Energy concerning life-cycle cost methodology and criteria
established by the Federal Energy Management Program
(FEMP) (NIST Handbook 135, 1995 Edition), as it relates to
specific projects.

Hammack: The Secretary of the Army, John McHugh, announced
on August, 10 2011 the establishment of an Energy Initiatives
Office (EIO) Task Force to serve as the central managing office
for large-scale Army renewable energy projects. Through the
EIO Task Force, the Army will conduct an aggressive outreach
effort towards private industry to foster strategic, technical, and
financial investment in the Army’s Renewable Energy Program.
We plan to leverage the EIO Task Force work within the Army to
streamline existing acquisition processes and leverage industry
for the execution of large-scale renewable and alternative energy
projects on Army installations at our Net Zero Installations.
In the energy arena, the Army is developing a Renewable Energy
Execution Plan and tools to ensure all renewable energy projects
are executed using consistent, tested and market focused
methodologies. The tools will provide detailed execution steps
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DoD PEP: Share with us some initial returns on investment
to the Army for some early Net Zero projects.

Net zero projects will be evaluated on a life cycle cost basis to
identify the best investments and return on investment.
DoD PEP: Your help wanted list: Describe the three top
technology challenges the Army needs industry and the
academic community to solve to help achieve the concept
of Net Zero.
Hammack: The Army Net Zero approach is comprised of
five interrelated steps: reduction, re-purpose, recycling and
composting, energy recovery, and disposal. We are in the early
stages of implementing Net Zero at our pilot installations. We
are currently working with other federal government agencies
including Department of Energy and Environmental Protection
Agency.
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It would be difficult to limit us to three technology challenges. In
energy, challenges are always the costs effectiveness of energy.
In water, it could be energy neutral desalination. As the Army
strives towards Net Zero, we are cognizant that achieving net
zero in water can’t come at the expense of energy. Current
water desalination technologies (e.g. reverse osmosis) require
significant energy to operate.
In waste, one of our challenges is finding resource effective
recycling programs in concert with strategies to reduce our
waste stream through enhanced purchasing programs.
DoD PEP: Discuss the level and scope of support for Net
Zero programs in the Army’s outyears’ budget.
Hammack: Pilot installations are not guaranteed that additional
funding will be available for achieving the Net Zero goals. Our
intent is to leverage available resources and expertise to provide
initial training and technical support throughout the pilot process.
A key aspect of the Net Zero program is to leverage available
authorities for private sector investment, including the use of a
Power Purchase Agreement (PPA), Enhanced-Use Lease (EUL),
Energy Savings Performance Contract (ESPC), and Utility Energy
Service Contract (UESC) as tools to achieve these objectives.
DoD PEP: Describe how the Army is changing its
organizational culture to help achieve the Net Zero concept.
Hammack: Organizational culture change is a key challenge
the Army faces as we strive towards Net Zero. Education and
training at all levels within the Army are critical elements. We
are working towards including Net Zero into the curriculum at
all levels.

The selection of West Point Military Academy as a Net Zero
Energy Installation will provides us with a unique opportunity to
educate our future and current Army leaders (both cadets and
mid-career officers returning to active duty Army units).
Additionally, our Army families are educated about energy saving
measures in the Private Public Venture housing when they move
in. They are charged if they use too much energy or are given
credits if they use less.
DoD PEP: Anything else to add?
Hammack: The Army intends to achieve net zero so that it
provides a range of long-term sustainable benefits both to
the Army and surrounding communities. We will not engage
in cost prohibitive measures to merely reach net zero goals.
The anticipated challenges include: (1) changing culture and
behaviors, (2) balancing funding needs with cost-benefit
requirements, (3) leveraging multiple financing options, (4)
ensuring that the Army has access to the skills and expertise
it needs, and (5) enhancing installation-level strategic master
planning.
The Net Zero Installation program provides the framework to
decrease the Army’s reliance on the commercial grid. As part
of the Army’s overall effort to conserve precious resources, Net
Zero installations will consume only as much energy or water as
they produce and eliminate solid waste to landfills.
In addition to expanding the program to 25 installations, in each
category, in 2014 and the overall goal of achieving net zero at all
Army installations by 2050.
contact@tacticaldefensemedia.com
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Smart, Green
and Clean

Changing the Army’s
Contingency Base Camps
By Cassandra Farley, Logistics Management Specialist,
U.S. Army Logistics Innovation Agency

Reducing battlefield fuel demand is an operational imperative.
Fuel and water comprise approximately 80 percent of ground
resupply requirements by weight, with nearly 54 million gallons of
fuel delivered to Afghanistan per month as of summer 2011. As
the Commander of U.S. Central Command wrote in July 2011,
“While we see no near term solution for reducing fuel requirements
in aircraft and tactical vehicles, reducing consumption in support of
our forward operating bases is within our grasp.” By exploring and
implementing new and innovative energy technologies, the Army is
reducing fuel demand and increasing energy efficiencies at home
and in theater. Such initiatives include new energy-efficient structures,
smart micro-grids, improved generators and environmental
control units, renewable energy sources
(solar and wind), waste-to-energy
technologies, energy management
techniques, and net zero
operations.

The mission of the U.S. Army Logistics Innovation Agency
(LIA), the field operating agency of the Office of the Deputy
Chief of Staff for Logistics (ODCS, G-4), is to provide innovative
solutions for improved logistics readiness. On behalf of the Army
G-4, LIA has worked closely with customers and stakeholders
to help the Army explore and analyze new ideas for reducing
fuel demand and increasing energy efficiency in theater.
One such idea, LIA’s Smart and Green Energy (SAGE) for
base camps concept, involves investigating the use of smart
micro-grids and other innovative technology solutions to reduce
fuel demand at base camps.
LIA, in partnership with the Department of Energy’s
Pacific Northwest National Laboratory (PNNL) and
Product Manager, Force Sustainment Systems (PM FSS),
will demonstrate a smart base camp that uses power
management, energy storage, energy efficient shelters
and renewable energy to reduce energy demand by
30-60 percent at medium-sized base camps of 500-3000
soldiers as compared to current tent-based camps, which
normally employ “spot generation.” The proof of concept
demonstration will validate and develop system interfaces,
identify potential interoperability issues, and validate energy
savings employing commercial off the shelf (COTS) utilitygrade hardware and data loggers coupled with PNNLdeveloped control software. LIA and its partners
will leverage the knowledge gained from this
demonstration to produce open source
engineering specifications for energyefficient base camps. The
Army will integrate these
specifications into
the
Theater

Source: U.S. Army
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Construction Management System (TCMS), so that military
and civilian engineers can complete the construction.
The Army can also execute the construction through
the Logistics Civil Augmentation Program (LOGCAP) or
other similar design-build construction contracts. The smart
micro-grid design allows military bases of all sizes, including
tactical combat outposts, forward operating bases and
theater-level operations, to move away from the expensive
“spot generation” of electrical power to a centrally managed,
fuel efficient base camp design.
In addition to their partnership with PM FSS and PNNL,
LIA is working closely with the Office of the U.S. Army
Training and Doctrine Command, the Chief of Engineers,
the Army’s 249th Engineer Battalion (Prime Power), Project
Manager Mobile Electric Power, as well as industry partners.
SAGE efforts are coordinated and integrated with U.S. Army
Central (ARCENT), the Army Service Component Command,
as well as the LOGCAP for contingency bases master
planning efforts and to support contingency contracting.

SAGE Iterations
For the first iteration of LIA’s SAGE initiative, the focus
is on using commercially available components including
generators with digital communication capability, energy
storage devices, renewable energy technologies and energy
efficient shelters. The technologies were scaled for mediumsized base camps to maximize energy savings. The camp
uses photovoltaic panels to provide electricity directly to
the micro-grid while offsetting fuel usage. In addition, solar
water heating technology reduces or eliminates electrical
demand for heating water for kitchens, showers and
latrines. Fuel efficient, commercially available generators and
environmental control units digitally interface with the control
software and are designed to be low demand. At the SAGE
proof of concept demonstration, energy efficient shelters
replace standard tents. These shelters are man-portable,
re-useable and re-locatable, provide excellent insulation
and, in many cases, come pre-wired for electricity, heating,
ventilation and air conditioning. The base’s energy storage
device captures unused energy and offers a silent mode
that does not require generators for night operations. The
SAGE-designed base camp can connect to a local power
grid, which permits efficient operations, or “self-island”
and maintain power if the host nation’s electric grid fails.
The smart-grid will independently ration available power to
critical needs. This reduces costs and enhances energy
security.
The smart micro-grid integrates existing utility industry
components with digital communications and automatically
optimizes electrical supply and demand. Control of the SAGE
base camp grid is managed by PNNL’s Decision Support
of Operations and Maintenance (DSOM) system, an open
source software capability, which monitors the grid, controls
equipment, improves process efficiency and reduces energy
consumption. This provides optimal renewable technology
integration and load shedding schemes.
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LIA will integrate the smart micro-grid, DSOM control
system and renewable energy technologies, and collect
data throughout the demonstration. To facilitate the data
collection effort, the SAGE demonstration is co-located
with the 150-person PM FSS Army Base Camp Systems
Integration Laboratory (SIL) at Ft. Devens, Massachusetts.
Both the SIL and the SAGE demonstration site will be
occupied by soldiers, and LIA will use the real-world
demand and consumption data from the SIL as a baseline to
compare the energy savings of the smart micro-grid. Once
LIA collects the data, PNNL will calculate energy savings
for larger base camps through the use of sophisticated
modeling and simulation tools. The demonstration, coupled
with a follow-on cost benefit analysis, will provide Army
decision makers with the data they need to make fully
informed procurement decisions. Initial data analysis will be
available in spring 2012.
Future iterations of the SAGE base camp will explore
alternative energy solutions such as solar concentrators,
geothermal and wind technologies, and power generation
components such as fuel cells instead of standard generators
to provide even greater efficiencies. Future smart base
camps may also have plug-in stations for electric vehicles to
make on-base transportation more efficient. This technology
will require a generic charging station that is compatible
with multiple makes and models. In addition, industry can
help reduce energy consumption by improving current
component reliability and efficiency, making technologies as
maintenance free as possible and minimizing the support
costs. All contingency basing components, including those
used in the SAGE demonstration, must be commercially
available and meet Army minimum specifications for
interoperability.
LIA’s demonstration is part of the larger Army effort to
reduce fuel demand and increase energy efficiency. Strategic
guidance, including thee 2010 Quadrennial Defense Review,
makes it clear that energy efficiency is a force multiplier. To
this end, the Army is also spearheading research efforts
in areas such as fuel cells, waste-to-energy, water reuse
systems, cryogenic coolers and high-density / low-volume
energy storage.
LIA, with its long history of working with industry and
academia, is leveraging these research efforts to find
innovative solutions that will improve logistics capabilities
and minimize the logistics burden for the soldier. For more
information about LIA, please visit the agency’s homepage:
https://lia.army.mil

For more info: https://lia.army.mil

DoD Power, Energy & Propulsion Q2 2012 | 15

renewable energy

full time onsite

By Bary Wilson, Ph.D. and LTC Frederick J. Moll,
U.S. Army (Ret.)

Energy efficiency and sustainability are achieved
by the best use of available resources. And, one
might add, by the willingness to find and use those
that are available locally. This article describes
the recovery and utilization of renewable energy
resources that literally go to waste every day or
lie unutilized just below the surface in some of the
places that need them most.
Because of the need for reliable power
24/7/365, most renewable energy projects based
on solar or wind require that traditionally generated
grid power also be available during hours of
darkness or calm wind. Put another way, solar and
wind can only augment conventionally generated
power, not replace it. Yet, while increased attention
is now being paid to solar photovoltaic and wind
by the military, other significant and plentiful
renewable resources have been largely overlooked.
Gasification to convert solid waste to energy and
biogenic shale gas are two lesser known sources
of renewable energy that can be used to generate
electric power 24/7/365 and not just when the wind
blows or the sun shines.

Gasification Using Solid Waste as
a Renewable Fuel
Bary Wilson, Ph.D.

LTC Frederick J. Moll

Each year, on average, the U.S. military (and
civilians as well) send something on the order of
1 kg [2.2 lbs.] of solid waste per person per day
to landfill. This number doesn’t include building
or demolition waste from construction projects or
other wastes, such as wastewater bio-solids, that
can be gasified to generate energy. Most of the
combustible materials sent to landfill slowly decay
to release greenhouse gasses such as carbon
dioxide and methane (which is approximately 20
times as harmful to the environment as CO2). With
proper recovery, including specially designed sorting
operations, some 95 percent of this discarded
material could be reused, either through recycling or
as an important source of clean renewable energy.
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Recovery of energy from solid waste has
been largely accomplished up to now through
incineration, wherein combustible waste is burned
in an oxygen-rich atmosphere yielding thermal
energy to produce steam to power steam turbine
generators. Unfortunately, oxidation by-products
such as carbon dioxide, oxides of sulfur (SOX),
nitrogen (NOx) and volatile organic compounds
(some of which are carcinogenic), are also produced
in the incineration process. By its very nature,
incineration is a relatively dirty and inefficient means
of producing electrical power from combustible
solid waste.
Gasification is a process whereby combustible
waste is heated in a low-oxygen environment
to a temperature at which the solid materials
are converted to a gas. The gasification process
produces a clean burning fuel generally known as
syngas. The fuel components in this gas are mainly
carbon monoxide, hydrogen, and methane, which
are cleanly combusted in a separate and carefully
controlled process that produces exceedingly low
concentrations of NOx, SOx, and volatile organic
compounds. When properly designed and operated,
simple air fed gasification is more efficient, less
expensive and cleaner than incineration as a means
for producing electricity from solid waste. As a
bonus, gasification helps preserve the environment
by reducing the amount of materials going to
landfills (by 90 percent or more in most cases).
Figure 1a shows an air fed gasification reactor.
Figure 1b is a schematic of a proprietary generating
system that utilizes a solid waste gasifier, the gas
from which fires a boiler, and a shale gas fired
combustion gas turbine (which can be operated
either in single cycle or combined cycle mode).
Steam from both the heat recovery steam generator
(HRSG) connected to the gas turbine, and the
syngas fired heat recovery boiler, are used to drive
one or more steam turbine generators.
Components shown in the top and middle
panels in Figure 1 comprise a conventional gas
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The most efficient designs
for such systems operate on
the same principles as the larger
stationary gasification power
plants described above. That is,
these portable (or transportable)
units incorporate an efficient steam
driven generator and operate on
solidwaste, thus substantially
reducing the need for expensive
liquid fuels for generation of power
in forward areas.
To develop transportable units
for the Army, a comprehensive
design study was conducted to
determine the best solid waste
Figure 1a) Air fed gasification reactor
Figure 1b) Schematic of a gas turbine / gasification hybrid
renewable energy power plant
preparation and handling systems,
gasifier,
combustor,
boiler
type
and power cycle. For the 100 kW
turbine combine cycle power plant. Components shown in
the bottom panel of Figure 1 comprise a proprietary air fed to 500 kW range systems, using solid waste and biomass as
gasification power plant. The electrostatic precipitator (ESP) ,flue fuel, power cycles consisting of a reciprocating steam engine and
gas desulfurization unit (FGD), and baghouse make up the flue an organic Rankine bottoming cycle were found to be the most
gas clean-up train for the gasification system, which has lower reliable mobile configuration. Power generation is about 0.3 to
emissions of most regulated constituents (especially NOx) per 0.5 MW-hr/Ton of waste processed. Variants of these gasification
megawatt generated than does the gas turbine system. While systems, such as the one shown in Figure 2, can be deployed as
the gas turbine and gasification power plant components are multiple containerized trailer units that can be assembled and fully
normally deployed as standalone units, this type of multi-fuel operational in about a day.
hybrid renewable energy power plant can have a number of
For generation of net power in the 0.5 MW to 1 MW range,
advantages for military installations as described later in this
transportable fixed bed or kiln gasifiers with controlled fuel gas
article.
combustion and waste heat recovery boilers are available with
efficiencies of about 0.5 to 0.90 MW-hr/Ton of waste processed.
Plasma Arc vs. Air Fed Gasification
These larger transportable power plants can be assembled onsite
Plasma arc gasification requires a great deal of energy and be operational in 1 to 3 weeks.
to maintain an electric discharge between electrodes in the
reaction chamber, While plasma arc is well suited for the safe
Shale Gas as a Renewable Fuel
disposal of certain hazardous materials, it is neither theoretically
nor practically cost effective for commercial scale conversion of
While gasification of solid waste makes sense both from
nonhazardous solid waste to energy. Operating experience to an environmental and economic point of view, its use is
date has borne this out. In contrast, conventional air fed gasifiers, normally limited to base load power generation. Waste to energy
like the one shown in Figure 1a, have been operating safely, gasification is not practical for daily demand power or “peak
efficiently and reliably on a commercial scale, using a wide variety shaving” operations.
of solid waste and biomassfuels, for more than three decades.
Sometimes simpler is better.
However, it is possible to combine a solid waste gasification
system with a shale gas fired gas turbine system (as shown in
Portable Gasification Systems for Power Figure 1a), or with gas fired reciprocator powered generators, to
create a multi-fuel power plant capable of providing both base
Generation at Forward Operating Bases On a tactical load and demand power. Installations such as Fort Knox, Wrightlevel, gasifiers can also be scaled to meet forward operating Patterson AFB, and a number of others located on or near gas
requirements for electrical power. Compared to permanent bearing shale deposits are ideal candidates for such multi-fuel
military installations, forward operating bases produce relatively renewable energy power plants.
more waste per individual soldier per day, with higher quantities
At Fort Knox, for example, the Army has already taken the
of materials such wood pallets, crates, etc., all of which make
good fuel. In recent years advances in gasifier design, materials initiative to develop their shale gas resource.(see photo at the top
and control systems have made it possible to build portable or of the article). Beneath Fort Knox lie billions of cubic feet of one of
transportable gasification power plants that can generate heat the cleanest sources of energy available; biogenic methane. More
and electricity in the 100kW to 1MW range using solid waste and than 95 percent of this gas is the product of bacterial metabolism
(and thus biogenic), and has therefore been designated as
biomass as fuel.
renewable by the U.S. Army Judge Advocate General Corps.
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potent means of producing substantial base load and demand
power that is less expensive and more reliable than other
renewable energy sources currently available.
Government leaders at the highest levels have encouraged
thedevelopment of alternative and renewable energy resources
using public-private partnerships. Economically viable renewable
energy projects represent a means to re-build America’s
infrastructure, putpeople back to work and address the national
debt.
Figure 2. AESI transportable gasification system

More than a dozen shale gas wells are now in production at
Fort Knox and an additional contract has been signed to expand
the well field. When completed in 2013, the expanded field will
supply sufficient gas to meet the needs of Fort Knox for both
heating and electrical power peak shaving, at a price significantly
below commercial rates. From an environmental standpoint,
these wells will have a surface footprint no larger than a standard
trash dumpster (Figure 2).

Shale Gas as a Cost Effective Renewable
Fuel for Generating Demand Power
While the price for base load electrical power at a typical
military facility might be on the order of $0.04 or $0.05 per
kW-hr, the cost of additional power during peak demand periods
(typically hot summer afternoons) can be substantially higher.
Rather than pay the high price for this “demand power” from the
local utility, it is often more cost effective to use inexpensive fuel
gas to fire onsite peak shaving generators, which are switched
onto the local grid only during high demand periods. Where
available, shale gas can be an ideal fuel for gas-fired peak
shavers.
Even at an operating cost of $0.07 or $0.08 per kW-hr, locally
operated gas driven peak shavers can provide power at cost
well below that of many local demand power tariffs. In lieu of
gas turbine generators for smaller peak shaving operations, gas
fired reciprocating engine generators can be used. Advances in
the design of these engines, including sophisticated electronic
controllers, allow thermal efficiencies of near 50 percent in many
cases.

Final Notes
Gasification of solid waste (including light construction and
demolition waste, source separated commercial waste, and
sorted municipal solid waste), represents a source of renewable
energy for generating electric power using a fuel source that is
otherwise discarded to landfill. This low cost fuel source becomes
even more important as new EPA regulations go into effect that
could well drive the cost of coal, and the electricity produced from
coal, to unprecedented levels.
Installations fortunate enough to have local shale gas deposits
can tap into a long term source of clean, reliable, and relatively
inexpensive renewable energy. When combined with gasification
ofsolid waste, the addition of these gas resources represents a
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One barrier to tapping these resources is that contracting
mechanisms required for these kinds of projects, including the
ability to enter into long term contracts for privately generated
electrical power, are either not in place, not familiar to those who
need to know about and use them on a day-to-day basis, or
difficult to implement due to state laws. In some areas, state laws
and regulations, often in the form public utility commission tariffs
and procedures, make private sector financing for such projects
difficult or impossible.
Without substantial changes in how the federal and state
governments approach the issue of public-private partnerships,
many of these unconventional renewable projects will not get
done, even though they are economically viable and financing is
available. As cited in its recent Army Energy Award, Fort Knox
has been out in front in finding ways to get these public-private
renewable energy deals done, and can serve as a model.
The Honorable John McHugh, Secretary of the Army,
announced in August the establishment of a separate office
tasked specifically to fast track worthwhile alternative energy
projects and encourage public-private partnerships to develop
renewable energy for Army installations. Official recognition of this
kind as to the value of public private partnerships in renewable
energy development gives reason for optimism.

Editor’s note: Bary W. Wilson, Ph.D., is President and CEO
of ITI Group Corporation. He has worked in alternative and
renewable energy as a scientist and manager for more than 30
years, including more than 20 years at Pacific Northwest National
Laboratory, and holds a number of patents in the field. He earned
a B.Sc. in Physics from the University of Washington, a Ph.D.
from the University of London and served as a post-doctoral
research associate in Chemistry at MIT. He may be contacted at
barywilson@gmail.com
LTC Frederick Moll, (USA retired) is Chief Operating Officer
of Consolidated Energy Services Global. He served for 22 years
in the U.S. Army with a background in acquisition management
and as a civilian held the position of regional director of business
development for General Dynamics in Turkey. He holds a BS in
Economics from Widener University and a MS in Management
from the University of Utah. He may be contacted at fredjmoll1@
gmail.com.
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Industry Partner

Scorpion Hun
ter

Self-sustainable
energy solution reduces energy consumption
and casualties.
By Greg Schmalz, Co-Founder, SaugeenShores Turbine
Operation Policy (S.T.O.P.)

Since 2003, the U.S. military have not only battled the
weather and terrain to bring democracy to Iraq and Afghanistan
but they have been saddled with the challenges of soaring fuel
costs and attacks on resupply missions that have added to
the growing list of casualties. Last year alone, the U.S. military
consumed five billion gallons of fuel for operations in Iraq and
Afghanistan. Former President George W. Bush enacted the
Energy Policy Act in 2005 (EPACT 2005) requiring military
installations to reduce energy consumption and to increase the
use of renewable energy.
While Operation Iraqi Freedom and Operation Enduring
Freedom are still active, five years ago Marine Corps Major
General Richard Zilmer requested a self-sustainable energy
solution (including solar panels and wind turbines) from the
Pentagon.

Saved Fuel Equals Lives Saved
MILSPRAY Military Technologies of Lakewood, N.J., has
responded to the call and has designed and developed the
Scorpion Energy Hunter™ that will help reduce the military’s
reliance on JP-8 fuel used for generators by 80 percent. In
remote locations, such as Forward Operating Bases (FOBs),
convoys that resupply fuel and supplies to the units are
vulnerable to enemy attack. The Marine Corps estimates that
one service member is killed for every 24 convoys.
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“We researched the
numbers and between 10-20 percent of
casualties were the result of fuel convoys,” said Todd Bullivant,
President & CEO of MILSPRAY. “The loss of human life is more
of a concern than the cost of fuel. But fuel costs are outrageous
when you consider they range from $17-$400 per gallon.”
Bullivant brought two engineers on board in January 2010
to specifically work on the design and creation of a viable
solution to take decontamination and vehicle wash systems
off the power grid. And while Bullivant admits that the initial
concept was started on the back of a bar napkin, he now has
a complete system that has been cycled and load tested.
Engineers Steve Lew and Kyle Tierney were faced with a
number of challenges. “We had the engineering problem of
overcoming how to take these components and put them into
a shipping container that’s very small because the Marines
wanted them to be transported by air,” Lew explained. “So we
were limited to the footprint of what’s called a quadcon, which
is one quarter of a standard 20-foot container. This is not the
optimal size container for a hybrid renewable energy system.”
Because the solar panels are glass, they needed to be
protected from breakage during transportation. Plus, Lew and
Tierney needed to devise a system to erect a support array to
hold the solar panels that could easily be assembled by Marines
in the field. Then, the engineers were tasked with how to place
the panels in the array so that field personnel don’t have to
worry about making all the correct series and parallel wiring
connections. This was accomplished by an innovative wiring
harness that makes all the correct connections automatically
as the panels are plugged in.
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Industry Partner

Marines unpack and unload panel structural components for set-up at designated FOB locations.
(USMC photo)

Marines erect a support array to hold the solar panels that could easily be assembled in the field.
(USMC photo)

Lew and Tierney made the setup as simple as possible. In fact,
two Marines can set up the Scorpion in 60-90 minutes. Since they
had no idea where these units would be deployed, they designed
it for versatility. The system was built with an adjustable solar
array so that the panels can be tilted in five-degree increments for
optimum positioning relative to the sun.

Forces Reserve. “It’s expeditionary for both vehicle wash down
operations and energy conservation. If we have a more efficient
energy fuel system, we would use less fuel. If I can reduce logistical
convoys on the road we’ll reduce the risk of real life casualties. The
question now is how we are going to deploy these things.

Power and Portability
There are two quadcons to the system so that they can be
shipped by air, on land or sea. Both quadcons have arrays that
harvest energy from solar panels and wind turbines that are stored
in a battery bank. Four inverters convert the energy from DC to
AC upon demand.
The Scorpion has a battery bank storage capacity of 126,000
Wh and is able to power MILSPRAY’s Expeditionary Vehicle Wash
System (EVWS) for 16 continuous hours before the Intelligent
Power Center (IPC), a computer controlled 100-gallon dieselpowered generator starts, and it only has to run for four hours
to recharge the batteries while still powering the load. It’s robust
enough to run a house for a few days.
The second quadcon serves as a storage container for sixteen
210-watt high heat solar panels that maintain nearly five percent
more output than competitive panels under hot conditions. The
panels rest on shock isolation pads in the container to prevent
damage.
Each quadcon is capable of holding four telescoping wind
turbines that can be raised to 25 feet. Each turbine weighs 13
pounds and can generate power in wind speeds between 7-32
miles per hour.
The battery bank consists of 12 banks of four batteries and
comes equipped with color-coded cables with keyed connectors
for easy, mistake proof connections. The batteries are high heat
rated to minimize performance degradation at higher environmental
temperatures. The total weight of the system, which includes two
quadcons and a diesel generator, is approximately 8 ½ tons.
The Scorpion Energy Hunter has been designed to power
MILSPRAY’s vehicle wash and decontamination systems, laundry
facilities and containerized housing units (CHU).
“The Scorpion system is well designed,” remarked Major
Courtney Jones, Maintenance Management Officer for Marine
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“It’s an expeditionary piece in the closed loop system,”
Jones went on. “We’re always doing wash downs and never
have enough water points. For example, in Haiti we conducted
operations for humanitarian relief. We have to wash down the
vehicles but there’s minimum water and energy available.
“This Expeditionary Vehicle Wash System uses the same
water,” Jones continued. Washing down vehicles not only prevents
rust and corrosion, but it is a vital part of the Marine’s stress on
preventative maintenance. “In many environments, dirt and mud
will build up under the tactical vehicle. You could have a fluid leak
but when an undercarriage is covered in mud, a mechanic cannot
determine the source of the leak. We’re hoping that these things
(EVWS) can spot clean to help identify what you need.”
The Marine Corps was particularly pleased with the Scorpion’s
performance at Exercise Javelin Thrust. In this exercise, the
Scorpion Energy Hunter was paired with MILSPRAY’s EVWS to
perform the final wash down of vehicles. For training, Lew set
up the solar array on one quadcon, giving instructions as he
proceeded. After it was completed, military personnel successfully
set up the second array on the other quadcon.
The Scorpion gathered enough solar and wind energy to
wash 112 vehicles over a three-day period without requiring the
IPC to run at all. In addition to the raw power output required for
high pressure washing and filtration, the Marines appreciated the
Scorpion’s utility outlets and even brought their own power strip
to charge their cell phones while they worked.
At the USMC Exercise in Yuma, Ariz., the sentiments were
the same. The solar array generated an average of approximately
2000 watts and the battery bank never fell below 90 percent state
of charge. The IPC was only turned on to demonstrate how quiet
it is. The Scorpion Energy Hunter was also demonstrated at the
Expeditionary Energy Office‘s (E2O) ExFOB 2011 at Twentynine
Palms, Calif.
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Air Force Energy
101 Media Roundtable Report
An Overview of U.S. Air Force
Energy Programs
Kevin T. Geiss, Ph.D., the Deputy Assistant Secretary of
the Air Force for Energy, Office of the Assistant Secretary of
the Air Force for Installations, Environment and Logistics,
Washington, D.C., briefed the media at the Pentagon on the
latest developments in his service’s energy programs. An
extract of the presentation is provided.
I am the first Deputy Assistant Secretary of the Air Force for
Energy. So obviously the Air Force is taking energy seriously. They
chose to assign one of their two-star level, SES billets to focus on
the $8 to $9 billion energy bill that we have here in the Air Force.
Source: U.S. Air Force

Mission Focus
The challenges before us come out of the fact that we have
to ensure we have the power when and where we need it. We
have a mission: to fly, fight and win in aerospace and cyberspace.
The American citizens expect the military to be successful in that
mission. We can’t compromise our ability to do that mission. That’s
what we’re here for. We’re not here to do renewable projects, to
invest in energy efficiency – we’re here to do that mission. But I
can turn that around and say on the flip side, in order for us to do
that mission, to be sustainable in that mission, to have the surety
and supply of energy in that mission, we have to look at all of those
things that are going to contribute to helping us get there. Those
things that will help us get there are the incorporation of renewable
and alternative fuel to be more energy efficient and to be more
productive in how we use our energy. Those are some of the means
to the end and for us the end is the mission.
As I look at my responsibility for energy – energy enables that
mission – there is nothing we can do without energy. So with an
eye on accomplishment of the mission it becomes a challenge in
identifying where those opportunities are – we can’t ramp back.
In our maintenance operations, we have to keep pushing those
things through as quickly as possible, to get those aircraft back
and ready for all of these missions we have talked about. So we’re
in a very constrained environment as far as energy, not only fiscally
but because the Air Force still has to do the same things it does
every day.
We are the largest user of energy in the federal government.
Our overall costs are about $8 billion for both electricity and fuel.
I don’t know what the FY 2011 numbers are going to be, but I
would guess between $7 and 8 billion for fuel. Our fuel costs have
increased 225 percent over the last decade. Much of that is the
price of fuel. That bill of $8 to 9 billion is big enough to pay attention
to. If we’re looking at the Air Force having a fair share of the cuts
that are coming now – of say $10 billion – we can make a significant
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impact, but we still need to do our job since we’re still going to be
buying fuel.
What I believe we are trying to achieve is a stronger energy
security posture. It’s the ability to support that mission, provide
the forces as needed to the combatant commanders and be
successful. And that energy security posture has to be robust, we
have to have enough, we have to have the right thing in sufficient
supply where we need it. It has to be resilient. We have to have
supplies where we have options – in location, type of fuel or an
ability to respond to an outage on the grid. And we have to be ready
when we’re called upon.

Aviation
Aviation comprises 84 percent of our energy bill. Within aviation,
when you’re trying to address what initiatives to pursue. What you
do for mobility aircraft is fundamentally different initiatives than what
you do for combat aircraft, than what you would do in a training
scenario. So the important part is we need to have the right kinds
of metrics and things that we are measuring because for mobility
aircraft it might be how many tons per gallon have you moved. Last
year we moved more than 25 or 27 percent more cargo than the
year before, but we only increased our consumption for mobility
by 3 percent. At the end of the day we violated one of our goals
of reducing demand in our mobility aircraft but we hauled a whole
lot more cargo. So having the right metrics gives you a picture on
where you are being more efficient and effective, and at the end of
the day, that goes back to mission.

Installations
One thing that sets us apart from the Army is that we
fundamentally project our power from our installations. It’s not just a
matter of ensuring that our dining facilities and other buildings have
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power, there are actual missions that occur on installations and we
are very focused on ensuring that we have the power to continue
these missions – in light of potential vulnerabilities of the power
supplies that we have.

energy. If we want to reduce our dependence on foreign sources of
fuel and energy then we have to come up with domestic sources.
And if we want to end our dependence on petroleum as a source
then we need to do things with other than petroleum.

Acquisition and Technology

A few years ago the Air Force decided that the best thing it
should be doing is focusing that our aircraft can actually operate on
these alternative fuels before we get into the wholesale purchase
of these fuels.

We can spend a lot of time on upgrading our current, or legacy,
weapons systems as we call them, but the focus needs to be what
are we going to do with the weapons systems that are coming
next. How do we best incorporate the fully-burdened costs of
energy in that new weapon system and having a great perspective
on that weapon system would be utilized in a future scenario.
We have to look at rather than energy efficiency, to talk about
productivity – how do we enhance the productivity of a system
with energy and how much stuff can you do out. Efficiency doesn’t
necessarily make sense, because if you have a ground vehicle it
doesn’t how many gallons per mile it takes, because many times
you are just sitting there communicating, sensing and shooting –
not using something that relates to gallons per mile, but something
that relates to the overall productivity and capability of that system
– how much power goes into it.

We went back and started on the certification of our engines on
these fuels. The first tranche that we did were the synthetic ones.
We completed certification for almost all of our planes.
We’ve also gone on to biofuels starting with HRJ (hydrotreated
renewable jet fuel) which is fundamentally your fat and lipid-based
biofuel. Our plan is to complete certification of our fleet by 2013
– all Air Force aircraft should be able to be flown on the HRJ fuel.
For some of our aircraft (VIP aircraft) that are commercial
derivatives, ASTM is the standard for commercial aviation fuel. This
summer they approved HRJ for unrestricted use in commercial
aviation.

Alternative Fuels
Another goal that we established was moving toward alternative
fuels. This gets back to increasing and expanding the supply of
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Capital Hill InsightSmart Grid
Technologies Alliance
Boeing and Siemens announced a
strategic alliance for the joint development
and marketing of “smart grid” technologies
to improve energy access and security for
the U.S. Department of Defense.

LM2500 Turbines for LCS-4
GE Marine will provide Austal USA, Mobile, Alabama, with two LM2500
aeroderivative gas turbines to power the United States Navy’s fourth LCSClass-Independence variant. The new LCS will be named USS Montgomery,
and will be powered by the LM2500s arranged in a COmbined Diesel and
Gas turbine (CODAG) configuration with two diesel engines.
More info: gary.sheffer@ge.com

New Task Force to Promote Energy Initiatives
A new tasking is take the Army’s energy initiatives to the next level with a goal of
getting 25 percent of the Army’s power from renewable sources by 2025.
The Energy Initiatives Task Force for Large-scale Renewable Energy Projects
will build on efforts already under way at Army installations worldwide, a DoD statement said.
The Army already has 126 renewable projects, including a major solar project
at Fort Irwin, Calif., that, once completed, will stretch across an area the size of
Manhattan in New York.
The statement added, “The new task force will seek new ways to partner with
the private sector on a variety of large-scale renewable energy and alternative energy programs within the continental United States. Meeting the 2025 objective will
require about $7.1 billion in private investment.”

The collaboration centers on providing
U.S. military installations with secure
microgrid management solutions that lower
operational costs and increase energy
efficiency.
A statement provided to Tactical Defense
Media indicated the alliance draws on
Boeing’s expertise in providing DoD with
complex systems and technologies, and
Siemens’ industry-leading global energy
management capabilities.
The alliance’s microgrid management
solution will be designed to:
• implement economical energyefficiency tools that allow for analysis,
control and automation of energy
processes
•u
 se smart energy controls to provide
real-time data to manage
energy use
• integrate renewable energy sources
and storage,”
More info: derrell.carter@boeing.com
More info: michael.krampe@siemens.com

More info: www.dma.mil
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Capital Hill Insight

Senator
Mark Udall
Colorado
Senate Armed Services Committee

Senator Udall serves on four Senate committees:
Armed Services, Energy and Natural Resources, the
select Committee on Intelligence and the Special
Committee on Aging.
DoD PEP provides an extract of the senator’s
comments delivered at the 2011 U.S. Army and U.S.
Air Force Energy Forum in Arlington, Virginia.
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Capital Hill Insight
It’s a great to be here with you today. The issues you are
focused on in this important forum are near and dear to my
heart – energy in the armed forces.
As we reflect on this last decade of conflict we owe it to
ourselves and future generations to take an objective look
at what we have learned. In the decade after 9/11, we have
proven without a doubt that there is no greater power on earth
than the American military. Our troops are unrivaled in their
dedication, perseverance, ingenuity and skill. Combined with
the technological advantage that we have developed over the
years through robust investments and partnerships with civilian
industry, our military has proven it can make any obstacle in
any environment. But we do have our limits. And there are
things that we can do better and more efficiently so that we
can provide future generations with a safer and better world.
And that leads me to the topic at hand – one of those areas is
energy.
Our energy sources, supply lines and military mission, our
health and our economy are jeopardized on a daily basis by
our dependence on foreign oil and fossil fuel. Those conditions
affect the American public and DoD feels them ever more
profoundly.
Admiral Mike Mullen [Chairman of the Joint Chiefs of Staff]
is a wise man and a hero of mine, and he has also been
outspoken about the issues that you are focused on in this
forum – the linkage between energy and our national security.
He has recently said, “Energy needs to be the first thing we think
about before we deploy another soldier, before we build another
ship or plane – the first thing.”
Our military’s reliance on fossil fuels creates vulnerabilities
and barriers in theater and here at home. I know you are aware
of the statistics but some bear repeating.
Over 3,000 of our troops and contractors have been killed
or wounded escorting fuel and water convoys in Iraq and
Afghanistan. When the gate closed in Pakistan, our fuel convoys
stood idle and we were forced to bring in supplies by air, and
longer and more dangerous routes.
But our military’s reliance on fossil fuel domestically is also
something of a problem. The U.S. DoD alone consumes more
fuel than most countries. Every $10 increase in the price per
barrel of oil annually costs the Pentagon $1.3 billion. At a time
where our debt looms as one of our nation’s greatest threats
that is serious business. When we find a solution that enables
our troops to fight longer without refueling, that allows them to
be more nimble and independent, we will save American lives.
We will also find a solution for our nation’s energy challenges,
one that reduces our dependence on fossil fuel and we will
change the nature of our conflicts around the world. Our
country has always been forward thinking, innovative by ceasing
opportunities and I know we are doing that – now.
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I am very encouraged by the progress that has been
made in each of the service branches. All have been moving
quickly to develop innovative and exciting programs. DoD’s
new operational energy strategy and a wide range of energy
programs at fixed installations demonstrate our commitment to
moving energy technology forward.
I know you are all aware of the Army’s Net Zero Installation
Program, the Air Force’s bio-fuel research efforts and the
operational energy projects that reduce energy use in theater. I
don’t have to tell you that these efforts are critical and they are
worth the effort and investment. We have proven time and time
again that when America sets her mind to solving a problem
we’re the greatest innovators in history.
Let me make a prediction if I might. The next, great
technological developments will be in the energy area. Now
I want to be clear that we have to make sure that the new
technologies are durable, reliable, effective and user friendly. It
does much more harm to rush a new technology into the field if
it doesn’t work as well as the equipment it replaces.

Legislation
Let me turn to a couple of legislative initiatives that get
right to the heart of our discussion. I am proud to be working
with some of you in this room on these legislative vehicles,
in particular, the DoD Energy Security Act (DoDESA). This is
an updated version of a bill that Congresswoman [Gabrielle]
Giffords [Arizona] and I produced last year. DoDESA tends to
remove some of the bureaucratic obstacles to smarter energy
use and development. It provides DoD with the ability to
enter into 20 year fuel procurement contracts so that industry
partners can recoup their investments, and it takes steps to
ensure funding for energy management efforts like the Energy
Conservation Investment Program.
I hope you will take the time to call your congressional
representatives and ask them to sign on as co-sponsors. It
really is an excellent piece of legislation that will have long term
positive effects.

Closing
Let me begin to close. I agree wholeheartedly with Admiral
Mullen if you haven’t gotten that message already. Energy is
an issue that we must think about as we consider conflicts
that we face abroad and we must be thinking about it today,
not tomorrow or next week, but today. We can’t afford to wait
until the next national energy crisis, natural disaster or national
tragedy forces us to act. We know what we have to do and
we’re all painfully aware of the status quo costs.
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Streamlining
the Approval Process

The DoD Clearinghouse for Renewable
Energy Projects is providing a speedy
assessment of renewable energy projects’
effects on military capabilities.
By Marty Kauchak, DoD PEP Correspondent

The Pentagon, prompted by the FY2011 National
Defense Authorization Act (NDAA), is streamlining the
approval process for renewable energy projects. At the
forefront of the new way the Department conducts business
is its clearinghouse for renewable energy projects
David Belote, the clearinghouse’s founding executive
director, told Tactical Defense Media that his near-term focus
allows the Pentagon to conform with the spirit and letter
of the FY2011 NDAA, Section 358. The legislation directs
the year-old organization to provide speedy assessment of
renewable energy projects’ effects on military capabilities.
Before the clearinghouse was formed, the Air Force and
other agencies, in one case, spent 15 months negotiating
over a solar project that started operating in 2007 near
Nellis Air Force Base, Nevada. Congress, DoD, industry
and other agencies are putting those lengthy deliberative
periods behind them. The new law requires the Department
to conduct a preliminary review for such projects in 30 days.
The NDAA and its corresponding public law “basically
says here’s what we want in a clearinghouse to deal with
in mission compatibility and energy, and oh, by the way, we
want you to go find every project that has been delayed,
deferred or denied due to DoD opposition and make sure the
books are clear on those,” Belote said.
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One metric of success has been the siting clearinghouse
for renewable energy projects approving 229 of 249 projects
proposed in 35 states and Puerto Rico. The projects
represent 10 gigawatts of renewable energy generation
capacity in wind energy alone.
The director’s priorities are helping the clearinghouse meet
its mission of resolving mission compatibility issues between
department organizations and external groups. While Belote
spends time with nongovernmental environmental groups to
exchange information on those organizations’ concerns and
interests, he also offers advice to federal, state and local
entities. The Federal Aviation Administration and Bureau of
Land Management are the two federal agencies with which
the clearinghouse most often works.
The organization also maintains a dialogue with industry
members. “I knew from my experience and the outreach I
had done as installation commander at Nellis [AFB, Nevada]
that industry was huge,” Belote said, and continued, “And
so I engaged with the American Wind Energy Association,
the Solar Energy Industries Association and started asking
questions. I have been dealing frequently with vice presidents
and occasionally CEOs of the six or eight major corporations
in the wind and solar fields.”
Belote added that he “will go to any of the major players,
answer their questions and try to make sure this is a
partnership so we get this exactly right.”
At the end of the day, the outcome of the siting
clearinghouse’s efforts is to help DoD achieve both energy
independence and security, and military readiness. “We can
do both if we do it smartly,” Belote said.
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In one case, Belote’s organization supports a Department of Energy-led, interagency field test and
evaluation of a number of mitigation technologies that could further ameliorate wind turbine-radar
interference. (DoD photo)

Clearinghouse Process
Belote, who reports directly to Dorothy Robyn, Ph. D.,
the Deputy Under Secretary of Defense (Installations and
Environment), designed a process which involves three,
DoD, cross-functional teams to examine renewable energy
projects. The three main areas his staff studies, he said,
are the impacts of proposed projects on military readiness
and training, test and evaluation capabilities, and homeland
defense: long-range radar surveillance, border surveillance,
coastal surveillance and critical vulnerability surveillance.
The review process for a renewable energy project is
designed to be so comprehensive that only the Secretary of
Defense or Deputy Secretary can object to a project – and
then on the grounds that the energy, power transmission or
related project would create an unacceptable risk for the
nation’s national security.

Looking Downstream
The DoD siting clearinghouse is completing preliminary
staffing of an interim federal rule that will tell the public the
basics of dealing with the organization. “We will first publish
an interim rule in the Federal Register,” Belote said.

A suspended solar panel array offers ease in optimizing panel re-positioning while reducing ground
footprint. (DoD photo)

After that milestone is achieved the Pentagon is expected
to publish internal instructions to provide department-wide
policy direction on the new organization. “This will clarify and
add more detail for military personnel without contradicting
the [federal] rule. And then we will publish a final rule that will
incorporate whatever we learn in writing the DoD instructions
and receive public comments.”
Aside from strengthening the legal and administrative
underpinnings of the siting clearinghouse and its process,
there is an effort to increase the scientific rigor of renewable
energy project reviews. In one case, Belote’s organization
supports a Department of Energy-led, interagency field test
and evaluation of a number of mitigation technologies that
could further ameliorate wind turbine-radar interference.
“This is an area where industry and the radar engineers
understand what’s going on. It’s quite possible that within
two or five years it will go away as we get ahead of it.”
A separate collaborative effort supports a Department
of Homeland Security modeling effort with Raytheon to
insert wind farm profiles and determine their impacts on
radar surveillance systems – well before a wind farm is
constructed.
contact@tacticaldefensemedia.com
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Command Profile

Air Force
Research
Laboratory
The U.S. Air Force Research Laboratory (AFRL) is guiding
research in a number of areas within the service’s power,
energy and propulsion portfolios. Marty Kauchak, DoD PEP
Correspondent, interviewed Douglas Bowers, Director,
Propulsion Directorate, and William Harrison III , Technical
Advisor for Fuels and Energy, AFRL, to gain insights.

DoD PEP: Provide a brief background on AFRL
including the directorates/laboratories responsible for
conducting research in power, energy and propulsion.
Mr. Bowers: There’s actually quite a bit going on across
multiple directorates on all three of these areas.
If you look at power, energy and propulsion, we have
three different levels of research. One is 6-1 which is
basic research, 6-2 which is exploratory and 6-3 which
is advanced technology development. If I look at the
directorates doing energy research we can start with AFOSR
[Air Force Office of Scientific Research] in Washington, D.C.
which leads our basic research and is exploring a lot of farreaching approaches to energy, including energy harvesting,
bioenergy and advanced materials. We have a very strong
basic research program that is led by AFOSR with many
universities across the US.
The second directorate that works energy is Materials and
Manufacturing (RX). They work new materials, including
lightweight materials which certainly have an impact on
reducing weight and saving energy. They also work on energy
for forward bases, which would be the focus of AFRL (RXQ)
down at Tyndall AFB and facilities energy at WPAFB.
The Air Vehicles directorate (RB) and the things that are
directly impacting energy would be their work on lightweight
structures as well as innovative aircraft concepts that will
reduce the fuel burn by large percentages. Technologies
to reduce aircraft drag offer significant energy savings for
current aircraft and new systems.
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Douglas Bowers
Director
Propulsion Directorate
AFRL

Mr. William
Harrision III
Technical Advisor
Fuels and Energy
AFRL

The Human Performance Wing, (711/HPW) is developing
technologies that reduce energy by working on how energy
is used at the airman level. Advanced training, simulators and
airman based power offer a culture change in energy use.
Finally, there is the Propulsion Directorate (RZ), the largest of
the Directorates within AFRL where we execute exploratory
and advanced development of turbine engines. These power
plants are pervasive across the Air Force as the prime mover
for aircraft, and impacts to the specific fuel consumption of
turbine engines will lead to the greatest reductions in fuel
burn. Advanced propulsion programs such as the Adaptive
Versatile Engine Technology (ADVENT) offer the potential of a
25 percent reduction in specific fuel consumption.
DoD PEP: As a follow-up, can you better quantify that
percentage of fuel burn reduction?
Mr. Bowers: We are working in conjunction with NASA
on some revolutionary concepts, and they are showing
percentages that are up to 60 to 90 percent reduction in
fuel burn in the far term for clean aerodynamic aircraft. We
believe that for military applications 40 percent reductions
are possible. These are some very revolutionary concepts.
They don’t look like the “tube and wing” that Boeing has.
These are very much joined wing and blended wing-body
sorts of concepts. The potential for partnership is with NASA,
FAA (they have a Continuous Lowered Energy, Emissions and
Noise, (CLEEN) energy program)) and AFRL. So altogether,
we’ll be able to, in the future, demonstrate some of these
revolutionary configurations. In our Flight Vehicles Directorate
we are developing technologies for both our legacy fleet and
revolutionary concepts for future systems.
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Command Profile
To continue, if you look at the Propulsion Directorate, and there
are a lot of pieces here – you go from gas turbine engines
with a program called ADVENT to reduce the fuel burn by 25
percent – which is what they are projecting. We do that for big
engines. We have an engine research program beyond that
called HEETE [Highly Efficient Embedded Turbine Engines] that
will pick up another 10 percent in fuel burn. This is an engine
core development program that improves the pressure and
temperature in the core such that it can reduce the fuel burn by
another 10 percent. The applicability is in mobility aircraft.
We’re working the big engines and now we’re also working the
small engines. We are actually doing propeller work for small
unmanned vehicles. We’re looking at a combination of fuel cells
and internal combustion engines to improve the range and
endurance of small vehicles. And we’re actually looking at some
very innovative engine cycles that are neither piston nor turbine.
DoD PEP: So, is that last development a hybrid engine?
Mr. Bowers: It’s actually something beyond a hybrid called a
nutating engine. It’s been around a while. Think of the Wankel
engine, only it’s a derivative of the Wankel as we know it. We
are also working on other hybrid cycles that offer higher level of
efficiency beyond Brayton cycle gas turbines.
To continue, when you look at power, we’re doing large power
for aircraft as the systems in the future call for directed energy –
think lasers and high-powered microwaves. We will need more
power generation and we’re looking at megawatt power-class
generation for aircraft. We’re also, at the same time, and this is
a very important part of this, looking at the thermal management
that handles this power because the systems are not very
efficient. As we generate power, they generate large amounts of
heat that we have to handle.
We also do spacecraft propulsion – what does it take to move
a spacecraft around its orbit, change orbits, so we’re looking
at something called multi-mode power. It’s a combination of
electric power and hull thrusters which is what we see now and
the potential chemical propulsion.
DoD PEP: Can you quantify what sort of scale we’re
looking at for some of the multi-mode power applications
for spacecraft?
Mr. Bowers: Multi-mode propulsion will be used mainly for
larger spacecraft. However, some of the technologies could
apply to small or even micro-satellites in the far term.
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DoD PEP: Going back to UASs, there continues to be
quite a bit of activity in developing enhanced batteries
for these vehicles. Please update us on the lab’s efforts
in this area.
Mr. Harrison: Batteries compared to fuel have about one-one
hundredth of the energy density, so applications for batteries
are very different than those where you would want a large
aircraft propulsion system. There is some work going on in
looking at Lithium (Li) ion batteries for very small UASs with
short flight (a couple of hours) duration. In many cases people
are looking at combining them with a fuel cell. But most of the
work going on in batteries is improving the energy density of
Li ion batteries.
DoD PEP: And that is also to increase the support of
the onboard sensors and other systems?
Mr. Harrison: No, usually these systems require significantly
more power than batteries, so they will be taking power off of
various generators that are on the engines.
DoD PEP: What are some other efficiencies – returns
on investment and the like – that taxpayers and others
will obtain from AFRL’s efforts in power, energy and
propulsion.
Mr. Bowers: The Air Force spends $8 billion a year in fuel. If
we can, through developing some of these new engines, cut
that fuel burn by 25 percent, that’s a very, very large savings
for the country.
DoD PEP: And the benefits for the warfighter?
Mr. Bowers: He or she can use that fuel they save any way
they want – for endurance to extend the mission length and
other purposes. An example for unmanned vehicles – if they
can keep the UAS up, extending it from two to nine hours, I will
have better surveillance over the battlefield. And if I can reduce
the fuel needed at the front then I won’t have to convoy fuel.
That’s another savings for the taxpayer and for the warfighter.
Another way to look at this is for air vehicles, you have tradeoffs
where energy can impact range and payload. For an existing
aircraft, if you put technologies into it and you don’t change
the size of the fuel tank you could fill those tanks up and fly
significantly further or potentially carry more cargo if it’s an
airlifter, or as Mr. Bowers said, chose not to fill it up and fly
missions that consume less fuel. So now you can end up in a
space where you can trade capability for energy in the legacy
fleet and you can also adapt that to new design.
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DoD PEP: What are some of the technology challenges
that are hindering some of your research efforts in power,
energy and propulsion?
Mr. Harrison: A couple things come to mind. In propulsion as
you move up to get higher efficiencies, you see things like the
pressure-to-temperature ratio of the engine. That presents the
challenge of having very high temperature, durable materials.
And then you need to couple that with advanced aircraft
aerodynamic design. One of the themes in the aircraft side of
it, as when you are doing advanced aerodynamic design, to
get materials that are very lightweight and strong. Lightweight
structures become key enabling technologies. The ability to
use modeling and simulation to see how you would better use
these advanced designs are also challenges that fit in that
space.
Mr. Bowers: Mr. Harrison touched on this briefly, but you can
have advanced vehicle concepts – aircraft concepts with joint
wings, box wings and others. But then you need to tie with
that the light weight structural concepts – the ability to design
these concepts so we can actually make these concepts a
reality.
Another thing we work at AFRL is alternate fuels. There is a
large effort to make alternative fuels from coal and natural
gas, which the entire AF fleet has been certified to use this
alternative fuel. We’re also working alternative fuel made from
hydro-treated renewable that can be made into jet fuel from
various algae, animal byproducts or plants. That one, we are
making good progress toward certification. There is also a large
opportunity for fuels from cellulosic sources – think trees, tree
scraps, and fast-growing poplars. And that would be alcoholto-jet. In the long run, there is the possibility for true synthetic
fuel so we don’t have to rely on fossil fuel-based products.
DoD PEP: What opportunities are out there for other
governmental agencies, industry and the academic
community to support some of the efforts in these broad
areas?
Mr. Bowers: I think it is important that you add a couple of
others to our partner list – that would be the Department of
Energy as well as the Department of Agriculture. Academics
and companies also have an opportunity to pursue research
funding through those agencies, perhaps even more then
through the Air Force. Our specific job in the alternative fuel
arena is to work with the Department of Energy to make new
fuel types acceptable for Air Force fleet use and to support as
subject matter experts, the Air Force certification process for
using new fuels.
DoD PEP: And how do these organizations contact AFRL
with their good ideas to advance developments in power,
energy and propulsion?
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Mr. Harrison: There are existing mechanisms. We publish
Requests for Information, Requests for Proposals and Broad
Agency Announcements on a periodic basis. That is the best
way for them to respond to the tech needs that we have.
DoD PEP: And will there be another industry day in 2012
or later this year?
Mr. Harrison: In June, the Air Force had a Renewable Energy
to Industry Forum. That was the opportunity for industry to
come in and interact with the Air Force. In addition, the chief
scientist of the Air Force [Mark Maybury, Ph.D.] is conducting
a program that he calls Energy Horizons. He is looking at
technologies that are emerging in the mid- and far term,
across the Air Force, and he has had quite a number of events
where industry has come in and briefed him and his team. We
have many ongoing events in the last several months. There
are plenty of opportunities for industry to participate in events
like that.

More info: www.afrl.af.mil
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