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Precision Maintenance: Staff Sgt. Jonathan Knutson, 6th Aircraft Maintenance
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assigned to the 6th Air Refueling Wing at MacDill Air Force Base, Fla., Aug. 15,
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Force photo by Airman 1st Class Joshua Hastings)
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FROM THE PRESIDENT

Jason Kalin
President,
Logistics Officer Association

LOA President’s Letter
Greetings LOG Nation!
This edition is packed with some
amazing topics from across our
Logistics Enterprise and takes
our flagship publication to a new
level with articles highlighting the
drive for Innovation, Agile Combat
Employment, Multi-Capable Airmen,
Supply Chain Management, and
Mission Generation. Each of these
efforts are essential to “build
warfighting advantage” in order to
“prevail in conflict.”
We are now a few months removed
from what was the most anticipated
LOA Symposiums in years. LOA 2022
had over 2,000 attendees, including
some of our most senior logistics
professionals across the Department
of Defense and Industry. We are
headed to St. Louis, Missouri for the
2023 Symposium, which is already
shaping up to be one of the best ever!
Your Executive Board has been busy
this Summer, so let me share a few
things they are doing to advance LOA
in many different realms.

We are continuing our outreach to
the Enterprise through LinkedIn,
Facebook, and other media outlets
to advance the logistics initiatives
we introduced at the symposium so
those great conversations, speakers,
and subjects are not just the talk
during that week—but throughout the
year. We have seen some amazing
Chapter events at Scott and Langley,
discussions via Zoom on Mission
Generation and Leadership, all in
continuing our foundational focus
on professional development and
education of our communities!
Ms. Jenna Fletcher, your Vice
President, will announce in the weeks
ahead our annual call for the LOA
National awards and scholarships.
Packages are due October 31,
2022. Last year, we awarded over
$9,000 in scholarships to 9 very
deserving Airmen and Civilians in our
communities. We are committed to
award the same this year!
Planning for the 2023 LOA Symposium
in St. Louis is well underway, so mark
your calendars for March 28–31, 2023.

4 | E XC E P T I O N A L R E L E A S E M I L I TA R Y J O U R N A L | AT L O A .O R G | I S S U E 1 5 8

PHOTO HIGHLIGHT

Our theme is “Mission Generation
Under Attack.” The Symposium
Leadership Team (Lieutenant Colonel
Rob Campbell, Ms. Brandi Scott, and
Captain Justin Rees) are hard at work
planning a list of amazing speakers,
topics, and breakouts you will not want
to miss!
LOA University again will offer a day of
educating in October 2022, with topics
including “Leading in a Constrained
Environment”, “Talk the ToC... Walk the
Walk: Theory of Constraints in Action”,
“Contemporary Issues in National
Security: A View from the Pacific”,
and “Persistent Mission Generation:
Logistics as a Strategic Deterrent”.
These relate to our 2023 Symposium
theme and provide a hint of what is to
come in March 2023.
Lastly, we say farewell to our National
ER Editor-in-Chief, Lieutenant Colonel
Montanna J. Ewers. Montanna’s
dedication and passion of this
professional journal took it to new
heights as he brought content that
highlighted and advanced the key
logistics initiatives of our communities.
Best wishes to you Montanna!
I remain amazed what each of you
do day in and day out to support
the warfighter and drive Mission
Generation, and I am proud to be your
LOA President! Log Nation continues to
be on the move!
Stay safe… stay strong!

Jason Kalin
President
Logistics Officer Association

Fireworks explode behind a C-130J Super Hercules
at Yokota Air Base, Japan, July 4, 2022. The
fireworks show was part of the Independence Day
celebration hosted by the 374th Force Support
Squadron. (U.S. Air Force photo by Machiko Arita)
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OPERATIONS,

MAINTENANCE

& LOGISTICS

Montanna J. Ewers

LEADER

Chief Editor,
Exceptional Release Journal

Editor’s Letter
Friends,
Let’s go ahead and address the
elephant: this will be my last
Exceptional Release.
Over the last two years, Mary Parker
and I have worked with a great team
of field editors to bring you the best
possible content we could. We’ve had
op-eds from junior officer sharing
lessons learned to interviews of Senior
Leader with decades of experience.
We’ve read company grade thought
pieces to graduate-level theses. We’ve
learned about upcoming technologies,
additive manufacturing, contingency
response, war games, acquisitions
basics, and Agile Combat Employment.
We’ve celebrated the unsung women
in our career field, from its history
to today. We’ve introduced gamechanging aerial port technologies. We
learned about logistics in a pandemic,
and most recently, we got to remember
what fellowship can happen when not in
a pandemic.
Whew.
In the words of The Dead: “What a long,
strange trip it’s been.”
But we’re certainly not done, team.
This edition continues the same upward
trajectory. We kick it off by learning

about Dover’s unique experiment
that gives every maintenance officer
what they think they want (much to the
chagrin of every logistics readiness
officer). We’re also fortunate to have
several theses and final project reports
from Air Force Institute of Technology
graduates. Please enjoy reading
about sustainable logistics materials
(and how to program for them), how
to model the impacts of proposed
budget cuts, predicting supply
chain resiliency, and a math-based
argument for further consolidating (or
repurposing) unutilized aircraft parts.
Lt Col Matt Ratcliffe tells us about an
ACE wargame and how it helped his
local wing understand the challenges
of agile employment, and Lt Col Matt
Cherry makes a case for the Joint
Logistician and the revived Loggie
Weapons School. Ms. Jenna Fletcher
introduces us to some innovate (and
very little-known) biotech opportunities
for the sustainment community. Lastly,
our laureate Evan Hanson shares
some lessons learned from the British
Royal Flying Corps and considers
#BringingThemBack.
Long story short, there is a gold mine
in here. Read it and discuss it. Pin it up
on the blue wall in your headquarters
cube farm. Toss it on your break room
tables. Expect your CGOs to discuss
it at brown-bags or First Fridays. Use
Evan’s #hashtags when you post up
on LinkedIn. Send counterarguments
direct to the authors using their e-mails

(at the end of every article). Post
your thoughts on a Discord channel.
These articles have the potential for
numerous hours of learning, but that
doesn’t happen if you don’t talk about
it!
I leave Evin Greensfelder with
the reins. She’s a career aircraft
maintenance officer, an overall rock
star, and I know she will take this
journal where it needs to go. The best
way to contact her will be through her
duty e-mail, editor@loanational.org.
Please reach out to her!

PROVIDING

AFFORDABLE

READINESS

FOR OVER
50 YEARS

One last time for the people in the
back: this is your Exceptional Release.
Please let Evin know where I went
wrong, where we went right, and
what you want to see in the future.
And as always: please write!
Thank you again for allowing me
honor of being your editor these last
two years. Please never hesitate to
keep in touch, either at my LinkedIn
or montannaewers@gmail.com.

Montanna J. Ewers
Chief Editor (Retired)
Exceptional Release Journal

THE VERTEX COMPANY IS
COMMITTED TO YOUR SUCCESS
As a defense contractor with a 50% Veteran workforce,
we understand the importance of your mission. Over
our 50 year history, we have perfected the balance
of cost, schedule, and performance to offer full
lifecycle sustainment solutions. Vertex’s holistic
approach to all levels of aviation maintenance
increases pilot production. Through
established repair processes, perfected
supply chain operations, and continuous
management and controls, we offer
customers reduced risk of downtime
ultimately accelerating missioncritical readiness.

6 | E XC E P T I O N A L R E L E A S E M I L I TA R Y J O U R N A L | AT L O A .O R G | I S S U E 1 5 8

VTXCO.COM
SMALL ENOUGH TO BE AGILE.
LARGE ENOUGH TO BE GLOBAL.
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Earlier this year, Lieutenant General
Warren D. Berry published the 2022
Basing & Logistics Enterprise Strategy,
which outlined four priorities to
develop the logistics enterprise to
“compete, deter, and win against pacing
adversaries.” It states that “in strategic
competition, the military force that
best implements improved operational
concepts and training, leverages
innovation, connects the force, and
builds persistent mission generation
capabilities will be better prepared to
deter and win.”

Integrating Logistics:
Dover’s Mission Generation Group
By the following authors:
Lieutenant Colonel Joshua
Downing,
Deputy Commander, 436th
Mission Generation Group

Mr. Joseph Neubauer,
Deputy Director, 436th
Logistics Readiness
Squadron

Captain Patrick Milward,
Director of Operations,
436th Aircraft Maintenance
Squadron

Senior Master Sergeant
Michael Sierra,
Superintendent, Materiel
Management Flight,
436th Logistics
Readiness Squadron

Captain Nicolas Fontalvo,
Director of Operations,
436th Aerial Port Squadron

Aligning with that guidance, after
months of planning with senior logistics
leadership at Headquarters Air Force
Air Mobility Command, the 436th Airlift
Wing at Dover Air Force Base, Delaware
has embarked upon a two-year test
to integrate the Logistics Readiness
Squadron (LRS), Aerial Port Squadron
(APS), and Maintenance Squadrons into
a provisional Mission Generation Group
(MGG). The goal of the new organization
is to enable and cultivate a mission
generation and production culture
across the global mobility network and
more directly link all logistics Airmen to
the operational mission.

The primary purpose of the MGG test is
two-fold. First, it will align the culture of
all logistics and maintenance Air Force
Specialty Codes to focus on mission
generation, sustainment, fleet health,
distribution, material management,
and contingency planning. It will
determine what culture gains there
are in each of those competencies
aligning to total mission generation
support. It will also determine where
specific A4 responsibilities, processes,
and measures of effectiveness should
be placed within the organizational
structure and how they should be
established, e.g., which should be
(a) merged, (b) collocated, or (c) kept
separate and distinct. Second, it will
validate the new organizational design
to determine which leadership and
squadron configurations produce the
best results.
Throughout our Air Force’s short
history, organizational change has
been a significant aspect of remaining
relevant and ready. Within the logistics
community, organizational change is
nothing new. The Wing-Base Plan of
the late 1940s aligned functions into
four Groups but connected flightline
maintenance with operations in the

Combat Group, instead of with the other
back shops, and logistics functions
in the Maintenance & Supply Group.
The Dual Deputy structure of the ’50s
eliminated Groups but maintained
flightline maintenance segregation.
This separation persisted through
the Tri-Deputy, Production Oriented
Maintenance Organization, and Combat
Oriented Maintenance Organization
eras of the late ’70s and ’80s. In
the 1990s, General Merrill McPeak
created Operations Groups, Logistics
Groups (LG), and Support Groups
under the Objective Wing Concept.
This structure still aligned flightline
maintenance with Operations, but
grouped back shop maintenance with
Transportation, Supply, and Logistics
Plans in the LG. Finally, in 2003 the Air
Force restructured into the Combat
Wing. This structure realigned various
logistics career fields and combined
organizations. It was through the
Combat Wing structure that the LRS
emerged. The restructure combined
the three logistics squadrons and
disciplines into one and created the
Logistics Readiness Officer (LRO). The
move proved to be successful at the
wing level, offering one sole logistician
control over distribution, deployment
processes, and materiel management.

In August 2020, the Chief of Staff of the Air
Force published his Accelerate Change or Lose
paper outlining the urgency with which the
Air Force should evolve to meet peer threats.
Part of his action items directed a hard look at
organizational structures: “We must also use
this opportunity … to evaluate and adjust internal
U.S. Air Force structures and decision processes
to include a renewed look at service-assigned
roles and missions internal to the Department of
the Air Force and even within the Joint Force.”

Image Above: Dover Generates Multi-Capable Airmen for the Fight: Staff Sgt. Renato Alfaro, left, 373rd Training Squadron, Detachment 3
C-17 aircraft general instructor, familiarizes Staff Sgt. Richard Watts, right, 436th Aerial Port Squadron load planner, with buttons on an
overhead C-17 Globemaster III flight deck panel at Dover Air Force Base, Delaware, March 29, 2022. Alfaro provided Watts and other students
participating in a multi-capable Airmen training class with basic C-17 aircraft familiarization. (U.S. Air Force photo by Roland Balik)
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History of Wing Logistics Alignment
Until the recent Fighter Generation
Squadron and A-Staff reorganizations, the
Air Force’s most common organizational
Wing structure forced a split among
logistics functions between the
Maintenance Group (MXG) and Mission
Support Group (MSG). Specifically in Air
Mobility Command, the MXG executes
flightline (on-equipment) and back shop
(off-equipment) maintenance and support
functions. Stateside, the MXG also owns
the APS, executing major cargo and
personnel movements for USTRANSCOM.
The MSG contains the LRS, which controls
materiel management, wing deployment
and distribution functions, fuels
management, and vehicle management.
At some bases without an APS, LRS also
controls the base’s cargo movement,
aerial delivery operations, and small
terminal operations. These functions are
all critical to executing each base’s core
missions: launching, recovering, and
repairing aircraft, and generating and
moving people and cargo.
Joint Doctrine (JP 4-0) states that
effective logistics requires the integration
of sustainment activities through unity
of command and effort. LRS’s alignment
under the MSG creates gaps within
logistics functions at the base level. First,
the MSG Commander (CC) is charged
with two separate missions: execute
critical aircraft sustainment functions by
delivering parts and fuel to the flightline,
and operate all base support functions.
This splits the MSG/CC’s focus when
executing the Wing’s tactical mission,
and it may inhibit effectiveness when
engaging with staff offices at the strategic
level. Each of these functions is split into
several Major Command (MAJCOM) and Air
Staff offices. Given a finite amount of time
and resources, the MSG/CC must become
a jack of all trades, ensuring neither
mission becomes degraded due to focus
on the other.

Second, the Air Force’s fleets are aging.
Many weapons systems that were still
considered new a decade ago and
operating under contractor logistics
support are beginning to see parts
shortages that have plagued legacy
airframes for years. The sustainment
issues these fleets face are not due to
base-level supply functions’ inability
to deliver parts, but to disappearing
supply sources. The Air Force’s Supply
Chain Operations Wing SCOW, in
partnership with Defense Logistics
Agency, is tasked with sourcing these
parts from the supply network (to include
depot cannibalizations and Aerospace
Maintenance and Regeneration Group
pulls) or initiating new contracts to create
supply sources for unique parts. This
process can be better informed through
Group-level advocacy. Currently, this
advocacy falls into one of the MSG/CC’s
many responsibilities. Aligning logistics
functions under a single commander
focuses a Wing’s ability to advocate for
constrained resources.
Finally, the continued organizational
segregation has driven an operational
culture gap between Logistics and
Maintenance Airmen. Our Air Force
is focused on helping our Airmen
understand how their individual roles
impact the mission. Airmen within an
MSG are sometimes several iterations
removed from the base’s aircraft and
cargo generation mission, and they may
have difficulty tying their actions to
generating aircraft and cargo to support
the warfighter.
The consolidation of all logistics
functions under one group ensures
our ability to conduct logistics under
attack by providing the advantages of
an improved mission generation focus,
improved deployment planning, and
centralized command for rapid decisionmaking and execution of efforts.
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The purpose of the MGG
test is two-fold. First, it
will align the culture of all
logistics and maintenance
Air Force Specialty Codes
to focus on mission
generation, sustainment,
fleet health, distribution,
material management,
and contingency planning.
Second, it will validate the
new organizational design to
determine which leadership
and squadron configurations
produce the best results.

Joint Doctrine (JP 4-0)
states that effective
logistics requires the
integration of sustainment
activities through unity of
command and effort. LRS’s
alignment under the MSG
creates gaps within logistics
functions at the base level.

This realignment alleviates the MSG/CC’s dual
focus on base support functions and operational
mission execution. It enables the MSG/CC to direct
their focus on base support, ensuring the wing
is correctly resourced and postured. It gives the
MGG/CC the ownership and authority to execute
all aircraft and cargo generation requirements.
MXG/CCs are usually Maintenance Officers, with
some qualified LROs filling these command billets
at key installations. These logistics commanders
possess the expertise needed to balance operational
requirements (aircraft, personnel, and cargo
generation and sustainment) with base level logistics
functions. That focus creates greater accountability
within the logistics enterprise and enables better
headquarters advocacy in situations that warrant it.
Engagement with staff functions for requirements
and coordination efforts become focused under a
single trained, experienced logistician rather than a
group commander who could come from a number of
non-logistics career fields.
This alignment will also build the Airmen we need
by utilizing Agile Combat Employment (ACE) and
Multi-Capable Airmen (MCA) concepts as a means
by which to evolve the Air Force’s agility. Coupled
with the Air Force’s Force Generation (AFFORGEN)
model, ACE and MCA will enable a smaller, more agile
force presentation and deployment model available
to Combatant Commanders. In 2020, the USAF
Expeditionary Center published a training syllabus
that outlined guidelines for MCA teams to train,
exercise, and deploy together in a hub-and-spoke
style system of operational units. This concept is
already utilized during small exercises like RED FLAG.
During these exercises, separate mission generation
functions (Aircraft Maintenance, Supply, Back Shop
Maintenance, and Aerospace Ground Equipment
personnel) team together and operate as a unit with
one chain of command and a singular focus.
Training in an ACE and MCA construct at home station
will allow Airmen to learn each other’s roles and
achieve a greater sense of how they relate directly to
the mission. Aligning LRS under the MXG allows this
MCA-type concept to be brought to its full potential
by cross-utilizing Airmen to perform multiple related
roles on the mission generation team. Training
and exercising together under the same chain of
command allows Airmen to focus on executing one
mission together and will drive innovation as Airmen
develop ways to integrate planning operations and

Col. Matt Husemann, left, 436th Airlift Wing commander,
passes the guidon of the newly activated 436th Mission
Generation Group to Col. Bary Flack, 436th MGG commander,
at Dover Air Force Base, Delaware, June 6, 2022. The 436th
Logistics Readiness Squadron became part of the 436th
Maintenance Group to form the 436th MGG (Provisional) for a
two-year test. (U.S. Air Force photo by Mauricio Campino)

streamline communication. This integration will
create redundancy within mission generation
functions and better prepare Airmen to execute
ACE in a deployed environment.
The unification of all enlisted logistics Airmen
within a single Group also provides an opportunity
to close gaps in development that are not covered
in formal PME. To build the Airmen we need and
further instill the mission generation focus, the
Dover team crafted an NCO development program
that trains Airmen in day-to-day, applicable
leadership and mentorship techniques. The course
includes the history of logistics career fields and
organizational changes, emotional intelligence,
“Airman 2030,” and other topics with the intent of
blending the logistics and maintenance cultures at
the tactical level. This will more thoroughly tie all
logistics Airmen to the mission and enhance their
effectiveness.
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The realignment creates extraordinary broadening
opportunities for our logisticians. Exposure to both LRO
and Maintenance career fields, especially during CGO years,
benefits officers learning the Air Force logistics enterprise.
Without this broadening, logistics officers may never gain
a perspective that can make them more effective leaders
at higher command echelons and on joint staffs. Currently,
logistics officers can gain experience outside their career
field via several boarded programs (e.g., Logistics Career
Broadening Program and Base-Level Broadening Program)
and through the Logistics Officers Association. A few
bases also create immersion or exchange programs. Aside
from these opportunities, officers typically gain exposure
based on their degree of initiative and interest. Aligning
all logistics officers under the same Group enables more
crossflow opportunities and opens the aperture outside
a single career field to build senior logisticians of the future.
Critical to our efforts and contrary to initial assumptions,
Dover’s MGG test does not simply involve the absorption
of LRS into the MXG. This reorganization is not an effort to
give maintenance control of supply; rather, it is a deliberate
effort to bridge gaps in logistics requirements and execute
persistent mission generation. Joining logistics efforts
should increase parts supportability in the same way our
supply discipline increases, our transportation efforts
become more efficient, and our impact as a total supporting
organization grows.

Aligning LRS under the MXG
allows this MCA-type concept to
be brought to its full potential by
cross-utilizing Airmen to perform
multiple related roles on the
mission generation team.

This reorganization is not an effort
to give maintenance control of
supply; rather, it is a deliberate
effort to bridge gaps in logistics
requirements and execute
persistent mission generation.

As we begin this two-year journey, we know we will
encounter moments of both success and failure. The next
two years are finding ways to challenge the conventional
organizational structure in a way that increases
effectiveness, eliminates cultural divides, and forms a
holistic logistics power projection platform that is solely
focused on meeting the challenges of tomorrow’s fight.
Our goal is to build an organizational construct that creates
opportunities for synergy, innovation, and integration. We
welcome your criticism and feedback as we build toward
the future!

ABOUT THE AUTHOR
Dover AFB’s Mission Generation Group is a deliberate two-year experiment involving several key
leaders from maintenance, logistics, and mobility squadrons. The MGG team intends to submit
annual updates to the LOA community via the Exceptional Release. In the interim, please contact
Lt Col Joshua Downing with any comments or questions at joshua.downing@us.af.mil.
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Students participating in
a multi-capable Airman
training class place
cargo netting on a pallet
at Dover Air Force Base,
Delaware, March 31,
2022. Students received
basic pallet building
instructions and were
assisted by 436th Aerial
Port Squadron personnel.
(U.S. Air Force photo by
Roland Balik)
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CONUS, while forces already in theater
begin to reposition and disperse. This
continues for several days, with tensions
running high on all sides, until the
unthinkable happens—a Chinese vessel
is sunk during a nighttime attack and no
one claims responsibility. The powder
keg ignites, and China begins to conduct
kinetic military operations in retaliation.
However, their targets are not limited to
just Vietnam and the Philippines. China
takes the opportunity to assert itself as
the dominant military power in the region
by attempting to deal a swift, decisive
strike against the military capabilities
of all potential adversaries in the region,
with the US and Japan at the forefront.
Ballistic missiles are fired from the
Chinese mainland, and it will not be long
before they find their targets, which
mostly include the main operating bases
in the region, such as Kadena Air Base on
Okinawa and Andersen AB on Guam.

Kingfish ACE: Gaming Used to
Understand Agile Combat Employment
By: Lieutenant Colonel Matthew Ratcliffe
and First Lieutenant Robert Rauff

In the face of such an onslaught, how
can US and allied forces possibly hope
to survive long enough to counterattack
and compel China to cease operations?
The old mindset of concentrating forces
at massive, permanent bases will not win
such a war. They are too tempting of a
target for our enemies to resist. Instead,
a new paradigm in positioning and
employing forces is needed. The answer
is Agile Combat Employment, more
commonly referred to as ACE.

Lt Col Kristen Torma explains to participants the requirements for establishing
capabilities at each forward airfield

Here’s the anticipated scenario
for starting the gaming:
There is a political crisis coming to a head in Southeast
Asia. Naval vessels from Vietnam and the Republic of
the Philippines have left port in a joint show of force
in the face of continued incursions from Chinese
fisherman into the exclusive economic zones of
these two countries. Determined to no longer be
bullied by their stronger neighbor to the north, these
two countries hope to call China’s bluff and stand
up for their rights as covered by the United Nations
Convention on the Law and Sea (UNCLOS). In return,

China vows to protect its fishing fleet at all costs
and announces that any attempts to impede their
presence in the South China Sea will be viewed as an
act of war against the Chinese people.
US forces in the theater are placed on high alert, with
the Navy and Air Force conducting increased patrols
in a “show of force” to deter Chinese aggression.
Airlift assets come into high demand as additional
forces are brought into the INDOPACOM theater from

On 24 March 2022, the Joint Base McGuireDix-Lakehurst (JB MDL) Pudgy Chapter of
LOA hosted a session of the Kingfish ACE
board game in order to better educate
officers and NCOs from multiple specialties
on ACE concepts. Kingfish ACE is a game
developed by Lt Col Troy Pierce from
Headquarters Air Force A5/7 Skunk Works
and was actually designed to satisfy the
requirements of his Marine Corps War

College paper. The game focuses on a
possible ACE scenario in Southeast Asia
that simulates the US in a state of crisis
and/or conflict with China. Players must
execute a campaign over the span of four
in-game days using ACE concepts with
the goal of surviving as long as possible in
order to accrue 100 total points. Before we
further explain how the game works, let’s
take a moment to better define ACE.

Image Above: Participants roll the dice to determine the fate of one of their bases as a result of a missile attack.
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ACE, as defined in Air Force Doctrine Note
1-21 is “a proactive and reactive operational
scheme of maneuver executed within
threat timelines to increase survivability
while generating combat power throughout
the integrated deterrence continuum.”
ACE is an operational concept; not a new
way of presenting forces to Combatant
Commanders. In the definition above, the
key part to focus on is “scheme of maneuver.”
ACE is focused on rapidly positioning and
repositioning forces in conflict as battlefield
conditions change. Ultimately, the goal of ACE
is to “[present] an adversary with dilemmas
at an operational tempo that complicates or
negates adversary responses and enables the
joint force to operate inside the adversary’s
decision-making cycle” (AFDN 1-21).

The game itself is focused
around executing a campaign
in the INDOPACOM theater with
China as the main adversary.
The game was hosted by two Lt Cols from
Skunk Works, who drove to JB MDL from the
Pentagon and spent two days overseeing
the game, to include a two-hour classified
briefing on ACE before diving into the game
itself the next day. The game was played by
14 players split into two teams. To describe
Kingfish ACE as a board game is a bit
misleading, as it is far more complicated than
your typical board game that fits neatly into
a box on a shelf at home. Playing the game
requires several large posters to be printed
and laminated, plus numerous cards, pieces,
and dice with varying numbers of sides. As it
currently stands, units that host Kingfish ACE
gaming sessions are responsible for printing
and laminating their own placemats, which
include the game map and smaller placemats
for each team to manage their air bases and
other resources. Units can expect to spend
approximately $300 in materials and ink for
this. The good news is that the placemats
can be saved and used again for future use.
There is currently only one set of game
pieces, which is maintained by Lt Col Pierce.

The game itself is focused around executing
a campaign in the INDOPACOM theater
with China as the main adversary. The
main placemat is a map of Southeast Asia
stretching from the Indian subcontinent to
Japan and Guam in the east. The map is broken
up into a grid made of more than 100 hexagons,
each with an assigned number. Teams typically
contain at least five or six members, as there
is a lot to manage and track. To describe it
simply, teams are responsible for allocating
airlift, moving resources, opening airfields,
and generating combat sorties. There are
many other decisions and factors involved in
playing the game, but those four actions form
the core of playing Kingfish ACE.

First Lieutenants Kyle Stefanek (305 APS) and Rob
Rauff (305 MXS) prioritize assets for airlift

There are efforts underway to put these into
production for units to purchase, or even to
provide schematics for units to print their
own, which would require some 3D printing
capabilities.
Going into the gaming session, our
participants came from a number of
different backgrounds, and each had
different understandings of ACE and
expectations for the game. “I had hoped
to get a better understanding of what was
driving the need [for ACE] and how urgent
it was,” remarked Major John Russell, an
aircraft maintenance officer with the 305th
Maintenance Group. “I needed the ‘nature
and intent’ of the ACE vision, which I feel
I understand now.” Other players, such as
Technical Sergeant Nathalie Rodriguez, a
Network Operator working with the 87th
Communications Squadron were just
hearing about ACE for the first time. “I had
no idea this game would be so relatable to
world events,” she said, adding that “It was
my first time even hearing about it, so I had
no idea what to expect.”
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“ACE is a proactive and
reactive operational
scheme of maneuver
executed within threat
timelines to increase
survivability while
generating combat
power throughout the
integrated deterrence
continuum.”

To start the game, teams roll the dice to
determine several factors, such as the
amount of airlift they are allocated on Day 1
and the starting crisis level of the scenario.
Kingfish ACE can begin in one of eight possible
conditions. These range from peacetime, to
crisis, to limited conflict, with the spectrum
increasing to total war. In the four peacetime
conditions, teams will not be attacked, but
they must still posture their forces and strive
to generate combat power in the form of
defensive counterair sorties on designated
hexagons marked by blue chips. This is the
primary way teams can generate points,
with each successful sortie in these areas
providing five points. The blue chips move
after each day of the game and teams are
required to adjust their force posture as the
scenario evolves.
In the four wartime conditions, teams can still
earn points this way, but they can also earn
five points for each enemy aircraft that is
destroyed in air-to-air combat. Enemy aircraft
do not appear unless the game is in one of the
four wartime conditions. The most significant
change from these wartime scenarios is that

at the end of each round (six rounds in each
day), the enemy begins targeting all main
operating bases in the region with ballistic
missiles, along with each forward operating
base where players have postured forces.
Main operating bases, being permanent
installations, are targeted during every round
of wartime. Meanwhile, forward operating
bases have increased odds of avoiding
detection, with those odds decreasing as
the game progresses through each day.
Early on, it is possible for teams to have the
majority of their forward operating bases
avoid all detection, which is a key strength of
ACE—dispersed operations from a number of
different airfields that do not normally house
military forces. This confuses the enemy’s ISR
and targeting while increasing survivability for
friendly forces.
Each round generally begins with teams
loading their airlift with cargo and personnel.
Food, fuel, vehicles, and munitions account
for most of the cargo options in the game.
Personnel includes base defense, command
and control, and airfield operations teams,
among others. Each type of cargo and
personnel team takes up a designated number
of pallet positions. C-130s, C-17s, and C-5s
are available for loading, and the airframe
selection will be determined by dice rolls. The
first few rounds of Kingfish ACE are mostly
focused on loading airlift at MOBs, flying to
forward operating locations, and then using a
required combination of equipment and teams
to conduct an airfield survey. These surveys,
in combination with dice rolls, allow teams to
determine the full capabilities of each airfield.
For example, a roll of ‘1’ for Airfield Security
means that all security must be provided by
the team. A roll of ‘3’ for Airfield Operations
would mean that the host nation can provide
full support in that area, allowing teams to
focus efforts in other areas. But just like in

Early on, it is possible for teams to have the majority of their
forward operating bases avoid all detection, which is a key
strength of ACE—dispersed operations from a number of
different airfields that do not normally house military forces.
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reality, nothing ever fully goes according to plan.
Upon the conclusion of Round 1, one team drew an
event card that disabled all command and control
communications for two days. This prevented
them from opening any forward airfields until
the event card expired. Surveying and opening
an airfield earns teams five points each time it
happens. One thing the players did not stop to think
about during the game is that airfield openings
are mutually beneficial—each team can use the
other teams’ airfields, as they are on the same
side. While there is some competition built into the
game, it is also just as much about cooperation!
Once an airfield is open for operations, teams can
automatically allocate fighter aircraft to those
locations within the confines of maximum on
ground parking limitations of that airfield (also
determined by dice roll). To generate combat
sorties, teams must have maintenance, fuel, and
munitions available at the airfield. Additional
airlift will often be required in order to provide
these resources. Regardless of whether air-toair combat occurs, combat sorties will expend
munitions every round and will require constant
resupply. As a reminder, combat sorties are the
main method of gaining points. The locations
required for gaining points from combat sorties
change each day and teams will have to frequently
reposition their forces according to operational
requirements, just as they would in a real ACE
scenario!
On top of all this, there are many factors at play
in Kingfish ACE. Daily event cards, risk tokens for
taking certain levels of risk (e.g., launching sorties
on a damaged runway), and even the prospect of

One thing the players did not stop
to think about during the game is
that airfield openings are mutually
beneficial—each team can use the
other teams’ airfields, as they are on
the same side. While there is some
competition built into the game, it is
also just as much about cooperation!

countries suddenly closing their airspace to US
forces. Our session only lasted for eight hours
and carried through about 36 hours of in-game
time. Another full day of playing would have been
required to finish the game. However, the time
we had was sufficient to give all players a solid
understanding of the game and how a potential
scenario involving ACE might unfold. If we had
continued to play, it is possible that no team
would have reached the 100 points required
for victory, as we started to lose bases and
supplies left and right to missile strikes. If events
continued down that path, no one would have had
any viable operating locations left, let alone a
means for resupply.
It is easy to get lost in the semantics when
discussing doctrine and forget about the
practicality of it. We surveyed some of the
players to collect their reactions of playing
the game: “While the lessons learned were
abundant, the biggest surprise for me was how
much the political environment affected the
game,” reflected Captain Zechariah Sparrow
from the 605th Aircraft Maintenance Squadron.
“When three of our four bases were closed due
to diplomatic tensions, it wreaked havoc on our
strategy. I had incorrectly assumed that we could
operate with impunity anywhere on the map.”
For another player, the biggest takeaway was the
amount of planning that is required for ACE. “We
were very conservative and risk averse when it
came to moving resources forward from the Main
Operating Bases,” explained 1LT Robert Rauff
from the 305th Maintenance Squadron. “We did
not move fast enough, which caused our team to
be missing critical resources once we assessed
a base, which caused delays in expanding
capabilities at that base and with being able to
move on to the next base for a new assessment.”
At the beginning of the session, there was a fear
of having too many resources stacked up at one
location, but at that point, the scenario was not
yet one of open conflict. When hostilities did
eventually occur, that team found themselves
with too few assessed airfields and lacked the
flexibility to adjust operations.
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As a group, we had some other key takeaways about
ACE worth highlighting. First, ACE is not the same
as the AF Force Generation model (AFFORGEN).
AFFORGEN determines how we present and deploy
forces, while ACE governs how we employ those
same forces. Unit Type Codes and Force Packages
should not be built or modified to be ACE-only.
Instead, they should be tailored in the event they
are deploying to engage in ACE. In a similar vein,
it is important that we do not adjust operational
requirements because of ACE, but rather utilize ACE
to meet the requirements when it makes sense to
do so. Remember, ACE is just one way of executing
combat operations and will not always be the best
answer in a given scenario. Lt Col Kristen Torma,
one of our facilitators, put it best when she said
that “ACE is not just for a shiny OPR bullet. ACE
is not enduring, efficient, or easy. It’s freaking
dangerous!” It is important to remind people to never
be comfortable with their abilities to execute ACE.
Resist the urge to pat yourselves on the back and call
it a day after one demonstration of ACE capabilities.
In a war with a peer competitor, all the privileges we
enjoy in peacetime are no longer guaranteed. Our
forces executing ACE in such a war may truly find
themselves geographically isolated and operating
in blackout conditions. They will need to prepare in
order to continue generating combat power in such
conditions per the commander’s intent.

“ACE is not just for a shiny OPR
bullet. ACE is not enduring, efficient,
or easy. It’s freaking dangerous!”
— Lt Col Kristen Torma

If you want to host your own Kingfish ACE game,
reach out to Lt Col Troy B. Pierce (troy.pierce@us.af.
mil) or Lt Col Kyle G. Yates (kyle.lates@us.af.mil) to
schedule a session. There is considerable turnover
in the Skunk Works (Headquarters Air Force A5SC)
office, so by the time you read this, some of these
people may have swapped out. Remember, the
hosting unit will be on the hook for paying upfront
costs related to game materials. While the game has
many layers to it, after playing enough rounds, most
participants will have learned more than enough
rules and mechanics to be able to facilitate their
own sessions in the future without direct support
from Skunk Works. If you want to learn more about
the game and how it is played, there are tutorials
available on YouTube at the following links:
See the next page...

Image from the Kingfish Ace trailer.
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Game Trailer

Video Tutorial Links:
The video links below introduce first time players to the primary mechanics
of the game Kingfish ACE. These are designed to complement (not replace)
the rulebook. The videos are unlisted (not searchable) on Youtube, so you will
have to click the links or QR code to access them.

Getting Started

Mission
Planning Part 1

Mission
Planning Part 2

Mission
Execution Part 1

Mission
Execution Part 2

Conflict
Operations

Kingfish ACE Trailer (1:34): https://youtu.be/mDpBBautoxQ
A quick video to introduce the game variables.
Getting Started (8:27): https://youtu.be/tox3xaa_Cvc
This video provides a broad overview of the game components. The
primary objective of the game is to move the right mix of personnel,
equipment, and expendable commodities from main operating bases to
selected contingency locations in order to complete all tasks associated
with expeditionary airfield operations and launch fighter aircraft to
operational locations in order to achieve the desired strategic intent of
Department of Defense leadership.
Mission Planning Part 1 (11:46): https://youtu.be/U6vmJHxuweo
The first mission planning stage introduces players to the dynamic geostrategic environment impacting planning efforts. This first video covers
initial scenario set up, base access and overflight agreements, conflict
determination and broad strategic guidance, location selection, and
mobility aircraft allocation.
Mission Planning Part 2 (8:24): https://youtu.be/OOt5awiOo7k
The second mission planning stage introduces players to the uncertainty
of the airfield environments and the process of developing load plans.
Requests for information (RFIs)—help fill in information gaps, but all
answers will not be readily available based on time, staff task saturation,
and dynamic environments on the ground. While players may have an idea
of what they want to bring into each airfield, 100% mobility airlift allocation
is not a valid assumption. Load planning and incomplete information will
force players to make trade off decisions.
Mission Execution Part 1 (8:58): https://youtu.be/IXOWaCHUIkQ
The first mission execution stage introduces players to the airfield
opening and operating tasks and variables (risk, competing priorities, and
unforeseen events) that may interfere with their ultimate goal of launching
aircraft into task defined operational locations. While adapting to the
environment, command and control capabilities will determine if players
are able to communicate requirements back to the mission planners.
Mission Execution Part 2 (8:27): https://youtu.be/OOt5awiOo7k
The second mission execution phase introduces players to accomplishing
the mission “launching aircraft” while balancing diminishing resources
(logistics taxes), host nation relationships, and demoralization factors.
Conflict Operations (9:39): https://youtu.be/M-7QvofSEdE
In the unfortunate event that miscalculation of the crisis leads to a conflict,
changes in strategic intent and adversary threats present game changing
variables. This video walks the player through the how to adjudicate
Chinese “anti-air raid” campaign. Players will now see how resilient their
plan is against information attack, airfield targeting, and air to air battles.

20 | E XC E P T I O N A L R E L E A S E M I L I TA R Y J O U R N A L | AT L O A .O R G | I S S U E 1 5 8

Image from the Kingfish Ace trailer.
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Emerging and legacy programs
demonstrate that increased
circularity and sustainability
can achieve cost savings in the
military supply chain.
A Cycle of Pollution and Waste
The US military alone emits more
pollution than many individual nations.
Morocco, Peru, Sweden, Hungary,
Finland, and Norway, among others,
are outpaced in carbon dioxide
emissions by our military (McCarthy,
2019), and the DoD’s trajectory is only
going to maintain the course. Mission
readiness costs dominate the leadership
decision-making process. Why should
an industry be concerned with waste?
We are all stakeholders in the fight
against climate change and pollution.
Reducing waste and going green can
be risky for a company, but increasing
circularity can also reduce costs in the
long term. Seaports were congested in

2020 and 2021 as maritime shipping
demand exponentially increased.
The expansion raised international
attention to the concept of supply
chain management, an oft-forgotten
discipline. According to a recent
White House report, containers
spent an average of six days at port in
September 2021 compared to less than
three days pre-pandemic (The White
House, Office of the Press Secretary,
2021).
Climate change is a significant factor
in private sector business decisions
but does not play as significant a role
in military decision making. The Biden
administration is leveraging the federal
government’s spending power to
support lower carbon emissions in the
industrial sector. The administration
established the first-ever Buy Clean
Task Force to harness the $650 Billion
of purchasing power. The initiative
incentivizes suppliers to reduce
their carbon footprint and increase

the social consciousness of climate
change (The White House, Office of
the Press Secretary, 2022). Using
one-time goods (plastics, biomedical
waste, hygiene goods) contributes
heavily to planetary pollution, and
most consumers are aware of this and
desire businesses to become more
socially conscious. The military, on the
other hand, leverages sustainability
strategies to minimize total relevant
costs, including costs associated with
the goods, purchasing, and holding
safety stock. The private sector
approaches sustainability in several
ways. They are financially motivated
yet beholden to the consumers’
intrinsic values. Firms advertise their
socially conscious efforts despite
varying levels of circularity and
reduction of waste. Private and public
differences may seem ambiguous,
yet the military does not go out of
business if they make financially
unwise decisions.

Leveraging Sustainable Options to
Achieve Cost Savings in a Military
Supply Chain
By: Second Lieutenant Benjamin D. Miller
and Master Sergeant Benjamin J. Johnis
Abstract
Global supply chain constraints have long driven the
expectations of military logisticians and stakeholders.
Sustainability may be viewed as an isolated concept under
the civilian umbrella of corporate social responsibility, yet
it relates to every organization. The military community has
long overlooked sustainable options for operational use
under the presumption of high cost and low environmental
consequences. A cost-benefit analysis demonstrates the
benefits and burdens of transitioning a single-use item to
a reusable item. The aptly titled Circularity Cost-Benefit

Analysis Model explores scenarios of both known and
unknown functional product lives to calculate a breakeven
point under realistic circumstances. The model enables
the average practitioner to present a cost savings proof
of concept to their leadership. Emerging and legacy
programs demonstrate that increased circularity and
sustainability can achieve cost savings in the military
supply chain. Increasing circularity while decreasing the
use of virgin items reduces global transportation strain,
including international port congestion.

Image Above: U.S. Air Force Senior Airman Dalton Roberts, a loadmaster assigned to the 816th Expeditionary Airlift Squadron, directs
cargo onto a U.S. Air Force C-17 Globemaster III at Al Udeid Air Base, Qatar, Oct. 21, 2021. The 816th EAS, deployed with U.S. Air Forces
Central, is responsible for delivering cargo and passengers to U.S. and partner nation forces’ bases, providing airpower to U.S. Central
Command. (U.S. Air Force photo by Senior Airman Daniel Hernandez)
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Logjam of Container Ships Clog Southern California Ports” (Photo by Mario Tama/Getty Images)
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Climate change is a significant factor in private
sector business decisions but does not play as
significant a role in military decision making. The
Biden administration is leveraging the federal
government’s spending power to support lower
carbon emissions in the industrial sector. The
administration established the first-ever Buy
Clean Task Force to harness the $650 Billion of
purchasing power. The initiative incentivizes
suppliers to reduce their carbon footprint and
increase the social consciousness of climate
change (The White House, Office of the Press
Secretary, 2022). Using one-time goods
(plastics, biomedical waste, hygiene goods)
contributes heavily to planetary pollution, and
most consumers are aware of this and desire
businesses to become more socially conscious.
The military, on the other hand, leverages
sustainability strategies to minimize total
relevant costs, including costs associated with

the goods, purchasing, and holding safety stock.
The private sector approaches sustainability
in several ways. They are financially motivated
yet beholden to the consumers’ intrinsic
values. Firms advertise their socially conscious
efforts despite varying levels of circularity
and reduction of waste. Private and public
differences may seem ambiguous, yet the
military does not go out of business if they make
financially unwise decisions.
Military considerations involve a layer of
complexity that does not affect civilian industry.
Logistics wins wars, projecting power through
combat readiness. The value chain includes a
wide range of witting and unwitting participants.
Pilots deliver munitions to the enemy, medics
deliver treatment to patients, and personnel
recovery specialists return troops back to
safety. Everyone is a logistician.

Circularity and Sustainability
as a Concept
Producers often fail to consider the
disposal, repair, or remanufacturing
of goods reaching the end of their
service life. The circularity concept
aims to change this paradigm within
product design and supply chain
management. Each component of
a product retains a value beyond
service life. The component may be
recycled, remanufactured, refurbished,
or discarded. In the design phase,
we should address these factors to
maximize the circularity of our final
products and the components that
make them. Maximizing circularity
increases sustainability, which equates
to profit. According to the University of
Alberta, “sustainability is the process
of living within the limits of available
physical, natural, and social resources
in ways that allow the living systems in

The key to building a circular
supply chain is to align cost
and sustainability incentives
to achieve a win-win situation.
which humans are embedded to thrive
in perpetuity” (University of Alberta,
2016). While this concept may seem
foreign in a military environment,
deliberate efforts lead to mutually
beneficial solutions between cost
minimization and sustainability.
Western society prioritizes the
convenience of one-time use goods,
which means building a modern
supply chain focused on circularity
is difficult, as economic incentives
often dictate the usage of the lowest
cost alternative. The key to building a
circular supply chain is to align cost and
sustainability incentives to achieve a
win-win situation.

The supply chain journey for a single
item such as cardboard can be
pretty complex, involving numerous
movements between the raw materials
and the end consumer. For example,
these steps are common in global
production: 1) Order transactions and
production planning, 2) Transnational
production, 3) Domestic transportation
to international ports, 4) Maritime
transport, 5) Port operations, 6)
Domestic transportation to the
customer. This journey is expensive,
time-consuming, and pollutive.
Increased circularity should reduce
the demand for production and
delivery to reduce additive cost, time,
and pollution. If the goal is to reduce
the number of virgin products, the
Circularity Cost-Benefit Analysis
Model is a valuable tool to measure the
effectiveness of that decision.

Master Sgt. Colton Nelson, a loadmaster with the 144th Airlift Squadron, Alaska Air National Guard, checks equipment
rigged for a parachute drop aboard a C-17 Globemaster III aircraft in Kapolei, Hawaii, Jan. 26, 2021, during Exercise
H20. Alaska Air National Guardsmen were in Hawaii training during Exercise H20, January and February, honing their
long-range search and rescue capability in support of the NASA human spaceflight program they are responsible for
supporting. (U.S. Air National Guard photo by Lt. Col. Candis Olmstead)
Global Supply Chain Cycle
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Applying the Circularity Cost-Benefit
Analysis Model
Logisticians encounter three primary decisions:
What to buy, when to buy, and how much to
buy. The procurement strategy provides the
framework for the decision-making process. Our
goal is to empower the logistics professional to
inform and influence procurement strategies.
We live in an era of environmental responsibility
and accountability. The Circularity Cost-Benefit
Analysis model is designed for the practitioner to
influence change within their organization. We
find that it is possible to increase circularity in
some cases while reducing total relevant costs.
This model does not fit all use cases, but
fortunately, it does not require intense data
analytics or expertise to evaluate the goodness
of fit. The cost-benefit model produces a
breakeven point when comparing single-use
items against reusable items. One might apply

this methodology to simple home economics.
Most families purchase reusable dishes and
silverware as opposed to disposable dishware.
Disposable dishware is cheap, simple to use,
doesn’t require any cleaning, and is often
recyclable, yet the trash burden is significant.
Reusable dishware is more expensive, requires
special handling, requires labor and resources
to sanitize, is not recyclable, and is thrown away
after several years. Do we purchase reusable
dishware for convenience or economic reasons?
There is a breakeven point in cost between
the two options. Economics, commodity, and
values towards the environment, culture, and
tradition guide our purchasing strategy. Military
and industry logisticians must consider the
same breakeven calculations as they evaluate
reusable items, as we illustrate with our model.

Step 1: Compute Economic Order Quantity for each item.

The Circularity
Cost-Benefit
Analysis model is
designed for the
practitioner to
influence change
within their
organization.

Step 3: Create a spreadsheet
to analyze cumulative TRC over
a deterministic demand period
to compare the single-use item
against the reusable item.
We used professional software for
this analysis, but Microsoft Excel can
produce similar models and graphs.
TRC Spreadsheet

Step 4: Determine Breakeven Point.

Step 5: Analyze the Data

We distinguish the reusable material
using (R) and the single-use material with
(S). We have reached the breakeven point
when the cumulative TRC of the reusable
material is less than the cumulative TRC
of the single-use material. We achieve
breakeven at month 35. It may be valuable
to identify when the single-use material
cost exceeds the total cost of reusable
materials throughout your analysis.
This occurs in month 40 for the given
example. Everything after this month
40 is considered cost savings. The cost
savings point is valuable for lifecycle
forecasting if demand is deterministic
and finite.

Note: The Breakeven point occurs at the
intersection (Month 35).

Breakeven Point

Step 6: Demonstrate Intersection
between Economy and Circularity
Example: The single-use item
has fluctuating transportation
and storage requirements due
to steady demand. The reusable
item is purchased once to meet
total demand. The smaller quantity
order minimizes carrying cost,
saving the organization 57% of TRC
over the 60-month lifecycle of the
reusable item. This model decreases
environmental impacts and reduces
the transportation burden on the
supply chain system.

Step 2: Determine the Total Relevant Cost (TRC) for each item.
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Cardboard is cut and glued into a honeycomblike shape to create a strong material that yields
under pressure. The airdrop community calls it
crush board because it literally crushes; heavy
equipment is stacked on the honeycomb so that
it can absorb the ground impact from airdrop
missions. Airdrop professionals spend countless
hours securing these loads for a single-use
application. Once the operation is complete,
they need to recover the damaged crush
board and recycle the materials. Shock Tech
articulates the use case for their product:

An MC-130J, from the 9th Special Operation Squadron, Cannon Air Force Base, N.M., conducts a mass container delivery system airdrop
during a training mission over Melrose Air Force Range, N.M., March 8, 2017. The CDS is the most commonly used method for the aerial
insertion of supplies quickly for military and contingency operations. (U.S. Air Force photo/Master Sgt. Dennis J. Henry Jr.)

Reusable Crush Board
The USAF utilizes a plywood/cardboard sandwich, nicknamed
“crush board,” to brace airdropped loads upon impact with the
ground. This crush board is used in each airdrop operation
unless the cargo is light enough to survive by parachute
alone. Crush board is recoverable by the ground crews
retrieving the airdropped supplies unless the drop occurs in
combat. Crush board gets destroyed after a single use, and
the ground crew has to clean up the trash.
Environmental circularity is an altruistic concept with
inherent pitfalls. Successful innovations require timing,
pace, and momentum. These concepts are all too familiar
for innovation expert and Master Parachutist MSgt Bon
Strout. MSgt Strout, who serves as a Survival, Evasion,
Resistance, and Evasion (SERE) Specialist, led a small think
tank responsible for adopting the latest major innovation
to tactical airlift airdrop operations. As a result, the USAF
partnered with a small company called Shock Tech, to replace
single-use “honeycomb” with a reusable airdrop “crush board”
(Strout, 2022). This action may seem relatively unremarkable,
but the DoD uses a significant amount of honeycomb to meet
airdrop mission requirements. Now we investigate the cost
and benefits of transitioning to a reusable crush board.

USAF SERE Specialist MSgt Bon Strout
demonstrates the REAP at Kadena AB, Japan.
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The use of crushable materials to dissipate
ground impact energy, or any large shock
energy, is essential in protecting military
gears, medical equipment, and other
hardware when dropped from an aircraft.
The application of such materials allows
military entities to safely transport, evac and
air-drop critical supplies, ammunition, and
vehicle [sic] into previously hard to reach
areas. Additionally, for civilian applications,
such as air shipping, and ground transport,
damage‐free cargo relies heavily on these
crushable materials, often in some sort of
honeycomb structure. This work is focused
on the development of Shock‐Honeycomb
(SHoc), a reusable, high performance,
elastomeric product suitable for replacing
fielded disposable paper honeycomb.
(Reydel, Allaei, Rall, & Han, 2021)

Modular REAP Design (SWG-Red)

A mass container delivery system airdrop was conducted by the 9th Special
Operations Squadron, Cannon Air Force Base, N.M., during a training mission over
Melrose Air Force Range, N.M., March 8, 2017. The CDS is the most commonly used
method for the aerial insertion of supplies quickly for military and contingency
operations. (U.S. Air Force photo/Master Sgt. Dennis J. Henry Jr.)

Looking back at our practitioner’s
step-by-step process, we should
start by evaluating the goodness
of fit. We do not want to apply
the model if the use case does
not compel our decision-maker.
At first glance, we recognize the
significant volume requirements.
Honeycomb is very light and
requires a large, dry storage area.
How many trucks and shipments
does it take to meet demand at
an airdrop unit? How many full
truckloads are we utilizing that
are severely under weighed?

The material is used once and
does not survive moisture or
weathering, and it requires
treatment post-mission. The
honeycomb lifecycle starts in
the forest and ends in a recycling
plant. How much energy do we
expend to transport the raw
goods to the manufacturer and
eventually to the customer? We
applied the Circularity CostBenefit Analysis Model to the
Reusable Energy Abatement Pad
(REAP) to determine if the DoD
should invest in this transition.

REAP Comparison to Honeycomb (SWG-Red)
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We completed Steps 1-3 using a 5-year lifecycle for
higher accuracy forecasting. Our analysis revealed
that the breakeven point occurs in the 18th month.
The cost savings point occurs in month 53. The
REAP solution saves the government an estimated
$743,632 in the first five years. The savings grow
exponentially as each REAP is estimated to last
25 uses. The transition is estimated to save 83%
labor, 98% carrying cost, and 97% shipping costs.
The divestiture from single-use crush boards
reduces the amount of waste by 134%. Our total
monthly mean cost savings amounted to 32%
(Allaei, 2021). Data analysis suggests the DoD
benefits economically if they divest from single-use
crush boards and invest in reusable material for
operational and training missions.

The USAF reusable container program has
increased circularity for nearly 60 years. The
most versatile container is the Fast Pack. Mr.
Darryl Meade manages the Packaging Policy
for Headquarters Air Force Materiel Command
(AFMC). He expressed the creative benefits
of small flexible solutions in packing; “USAF
packing & crating units worldwide can ship
thousands of different items, within allowable
size, weight, and fragility in just a few types and
sizes of fast packs…. Over 10,000-line items
can be packed in four sizes of slide packs.
Their reusability, together with the minimal
labor required to insert and remove items,
makes fast packs the most economical type
of packaging for many items--especially those
having repair and return cycles” (Meade, 2022).

MSgt Strout, an innovation expert, evaluated the
tradeoffs of using reusable materials and made
a compelling case during an AFWERX pitch day
event (Strout, 2022). Shock Tech was awarded a
phase-one Small Business Innovation Research
Fund contract. They have deployed the REAP to
three bases to expand at the pace of the customer
demand (Strout, 2022).

USAF Reusable Container Program

REAP Cost Savings (Allaei, Dr., 2022)

The USAF maintains a similar program to leverage
Reusable Containers. The Reusable Container
Worldwide Warehouse (RECON) is the USAF tool
that manages Special Packaging Instructions,
reusable containers, short-life multi-application
reusable containers, and packaging materials
(Meade, 2022). RECON allows base level users to
exploit the Reusable Container Program. “RECON
promotes conservation, reuse, and reclamation of
reusable containers in the Air Force domain vice
disposal/waste stream. RECON bolsters packaging
operations by cross-leveling excess reusable
containers and/or packaging materials at baselevel and providing worldwide visibility for possible
redistribution to units or other MAJCOM activities
that need them” (Meade, 2022).
United States Air Forces Central Command
(USAFCENT) is an avid customer of the reusable
container program. The containers have
been pivotal for intra-theater logistics and
transportation across South-East Asia. The RECON
program boasts a total cost avoidance of $1,618,338
since its inception in 2003 (Meade, 2022).

Fast Pack (RECON)
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Why don’t we see more reusable products
proliferating across the services? Senior
leadership is providing the right guidance
but the people closer to the problem have to
raise awareness of use cases as they arise.
Most solutions focus on energy use within the
service and neglect the environmental impacts
of a supply chain. Mr. Joe Bryan, the Secretary
of Defense’s Senior Advisor on Climate (now
Chief Sustainability Officer) provided an
example that systems like airplanes and ships,
not installation facilities, consume two-thirds
to three-fourths of DoD energy (Vergun, 2021).
Because of that, we are experiencing an
increased focus on vehicles and fossil fuels,
with Bryan expressing the urgency to go green
in the military and saying the DoD is responding
to climate change by becoming more energy
efficient and independent. According to Bryan,
some bases are bringing energy storage and
distributed generation inside the base to
increase energy efficiency, utilizing energy
from landfill gas and solar (Vergun, 2021).

USAF packing & crating units
worldwide can ship thousands of
different items, within allowable
size, weight, and fragility in just a
few types and sizes of fast packs….
Over 10,000-line items can be
packed in four sizes of slide packs.

The long-standing reusable container
program has revealed several lessons. Not
surprisingly, several of the lessons are related
to human adaptivity. The apparent benefits
of this program are savings in material, labor,
and a reduction in human resources. Reusing
containers has reduced the added burden of
paperwork to acquire new containers. RECON
software has automated much of the process
to identify and gain excess containers.
The only shortfall here is the never-ending
task of advertising excess equipment for
the system to track. What does this lesson
tell us about general principles within any
organization? Humans often seek the path of
least resistance and may decide to discard
the item instead of resetting it and marking it
in excess for neighboring elements to exploit.
Management must encourage, train, and
enforce the policy that saves the organization
resources.

Some might argue that
the breakeven point
may be unknown or
ambiguous, leaving
your sales pitch to
leadership vulnerable
to seasoned employees
who may be skeptical
of change.

Measuring the Cost of Increasing
Circularity
Increasing circularity is not easy or cheap.
The startup costs may be high in comparison
to the status quo. Some might argue that
the breakeven point may be unknown or
ambiguous, leaving your sales pitch to
leadership vulnerable to seasoned employees
who may be skeptical of change. Reusable
material is not the only cost to consider.
Resetting material may require an entire
team to manage new responsibilities, like
quality control and quality assurance. This
new responsibility may fall on the shoulders
of current employees, new employees, or a
third party. Each of these options requires
increased compensation for a successful
transition. The reusable material supplier
may be an excellent partner to provide thirdparty expertise. If the company determines
they should perform these tasks in-house,
they incur additional risks to the business.
Recovering reusable items is likely outside
the company’s core competencies. We
recommend third-party logistics during the
transition period to reusable materials. Thirdparty logisticians are well suited to work as
change agents within the business.
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Organizational change costs time and money.
Suppose a practitioner decides to apply the
Circularity Cost Benefit Analysis Model to
influence change in their organization. In
that case, it benefits them to be a fair broker
and highlight potential costs associated with
increasing circularity. We have learned that
organizations and humans are reluctant to
follow through with reusable program policies if
they don’t see the value in the extra work. This
phenomenon drives the demand for a firm but
a reasonable policy that managers can enforce
with ease. The front-line workers will likely
never experience the benefits of a reusable
program. Resetting an item may require more
training, red tape, and process changes, which
may discourage workers from cooperating;
after all, the firm’s return on investment does
not benefit the employee personally unless
there is an incentive program. Who arbitrates
inter-organization policies and disagreements
over funding reusable items and components?
These are all considerations when attempting
to change an organization. Competent
management, armed with the right policy, are
successful elements that mitigate risk.

Sustainability is possible within a military
supply chain. The average practitioner or
military logistician who utilizes the Circularity
Cost-Benefit Analysis Model can compel
senior leadership with data-driven decisions.
Our research led us to shape the model and
evaluate a valuable proof-of-concept like the
REAP program. The REAP and RECON programs
provide a simple yet effective transition from
single-use to sustainable, reusable items.
Intelligent, sustainable programs like these have
the potential to alter our military’s ecological
footprint, reduce cost, and reduce wasted
capacity in our supply chain, including seaport
congestion. We are all stakeholders in the fight
to keep our planet clean without sacrificing our
ability to prosper. Logisticians at every level can
affect change in their organizations, given the
opportunity and perhaps a little math.
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U.S. Air Force Maj. Juan
Fiol, incoming 52nd
Logistics Readiness
Squadron commander,
gives his first salute to the
52nd LRS at Spangdahlem
Air Base, Germany, June
24, 2019. The 52nd LRS
supports the wing as a
single source for logistics
operations support, and
leads the wings mobility
machine, ensuring timely
and accurate deployment
of personnel and
equipment. (U.S. Air Force
photo by Airman 1st Class
Jovante Johnson)

Introduction

A Case for the Joint Logistician
By ALROC Class 22A:

Maj La’Kenya Alston,
Program Element Monitor,
NGB Logistics Readiness
Division
Lt Col Michael Biederman,
Chief, Contingency Plans
Branch, USCENTCOM/J4
Maj Marc Bleha,
Commander, 377 Logistics
Readiness Squadron

Lt Col Jack Carroll,
Commander, 87th Logistics
Readiness Squadron

Lt Col Austin Deeney,
Commander, 42d Logistics
Readiness Squadron

Lt Col Sara Pavelski,
Commander, 611th Air
Support Squadron

Lt Col Matt Cherry,
Commander, 628th Logistics
Readiness Squadron

Lt Col Zachary Hightower,
Deputy Chief, Operations,
USSOCCENT/J4

Maj Charles Coffman,
Commander, Defense
Logistics Agency Energy
—Japan

Lt Col Blake Johnson,
Commander, 9th Logistics
Readiness Squadron

Lt Col Christopher Russell,
Commander, 441st Vehicle
Support Chain Operations
Squadron

Image Above: Maj. Matthew MacDonald, left, chief of training for the 363rd Training Squadron’s
Logistics Readiness Officer course, talks with Maj. Angele Monfort, center, from Spangdahlem
Air Base, Germany, and Capt. Katia Pillot from Moron AB, Spain, about their logistics plan.
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“Well Congresswoman, the simple answer is we
were late to need,” Chairman of the Joint Chiefs
of Staff stated to the inquiry panel. “We pivoted
to the Pacific on paper and through multiple
powers of government. We supported open and
free trade, reinforced freedom of maneuver in
the South China Sea, and partnered with IndoPacific nations through security cooperation
events. We supported infrastructure build-up
in key island nations and continually highlighted
the PRC’s subversive activities like the One
Belt, One Road initiative as well as their port
investments. We warned of their Assassin’s
Mace technological developments, as well as
their control over regional manufacturing and
software development. We walked the tight rope
with Taiwan and increased its capability to resist,
using lessons learned from the Ukraine-Russian
war seven years ago. We invested heavily in
innovation and diversifying the defense industrial
base while mitigating multiple national security
support gaps, but, ultimately, we failed to learn
from history.
“The obvious dilemma within the region was
distance; however, the PRC also dramatically
increased their naval, cyber, space, missile,
and air posture, which we were slow to
respond to. We focused our build-up with more
technologically-advanced platforms; however,
we fell short in our ability to acquire the right
systems at pace. And, while sustainment was
factored into the acquisition process, balancing

requirements for both effective competition
and contested operations in a no-growth
fiscal environment forced critical trade-offs.
Additionally, our engagement in multi-theater
operations for over 30 years against non-peer
adversaries eroded readiness and spawned
service-specific supremacy cultures.
“During our immediate response to the PRC
we delivered long-range effects, but only for
a very limited time. We quickly discovered our
endurance was hampered by a lagging support
chain that was wholly unprepared to function
in a contested environment due to a significant
shortfall in joint logisticians—the lynchpin to our
framework of common user logistics support
across the combatant commands. You see, as
the services organized, trained, and equipped,
they sub-optimized for self-sustainment, which
created gaps and seams across the enterprise.
The Joint Staff was aware of this vulnerability
early in the decade and attempted to focus on
developing more joint capabilities. Their efforts
led to initiatives like joint fires for the Navy and
Joint All Domain Command and Control for the
Air Force; however, similar initiatives in the joint
logistics and sustainment arena failed to take
root. In the final analysis, we fundamentally
failed to create joint solutions to the logistics
challenges facing the joint force. Therefore, one
of the causal factors to losing the South China
Sea and Taiwan was joint logistics which is what
you wished to discuss today.”
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Main Idea
The previous story might sound like fiction, but it is
at risk of becoming reality. The game of Go is played
widely throughout Asia and is considered a contest
of strategy between its opponents, while in the West
chess is the strategy game of choice. The objective
of each game is very different. Chess is hierarchical
in nature with capturing the king as its main
objective, but Go is often concluded by one player
resigning because his/her stones (game pieces)
have been captured and surrounded making victory
unattainable. Even chess grand masters will resign
when they see their opponent has removed their path
to victory. A nation-state also resigns or submits in
competition to their competitor; referred to in war
theory as a coercion strategy. Sun Tzu noted that “to
win without fighting is the supreme strategy.” To that
end, China believes if they can hold enough of the
U.S. interest at risk, to include our ability to execute
military operations and logistics, then the U.S. will be
coerced to not challenge Chinese Communist Party
(CCP) objectives in the region and across the world. As
a result, the U.S. government continues to take steps
to compete with China in the gray-zone of warfare and
counter China’s maligning activities.
The DoD is advancing many capabilities to enhance
our relative posture against China. Almost every
capability enabling successful competition requires
a competent joint logistician. Logistics is the arbiter
of opportunity (Kane, 2015) and thus joint logisticians
can provide exponential value to the Combatant
Commander (CCDR). The purpose of this article is to
make the case for the joint logistician. This effort
starts with understanding the current contested
logistics environment, outlined effectively in the
Joint Concept for Contested Logistics (JCCL). Next,
we discuss why it is imperative that the Department
of the Air Force continue to nurture and invest time
and resources in the newly re-designed Advanced
Logistics Readiness Officer Course (ALROC). ALROC
prepares Air Force LROs for leadership in the Joint
Logistics Enterprise (JLEnt) to create solutions to
strategic logistics challenges. Finally, recommended
changes for the DAF logistics community will be
identified for consideration.

China believes if they can hold
enough of the U.S. interest at risk,
to include our ability to execute
military operations and logistics,
then the U.S. will be coerced to not
challenge CCP objectives.

Logistics in the Digital Age
In the modern day, we have long since taken air,
space, and cyberspace superiority for granted,
as we’ve spent decades fighting lower-tier, less
technologically advanced foes. A future fight with
our pacing threat and peer-level military force will
not allow us the luxuries of all-domain superiority,
to which we are accustomed. For this reason,
developing the future force—and especially joint
logisticians—to withstand contested logistics is key
to winning the next war. This will be no easy feat
as our joint logisticians will assuredly be forced
to operate in some form of a denied, degraded,
intermittent, or low band-width (DDIL) global
environment which will require redundant pathways
to ensure continuity of logistics operations.
One key strategic document every logistician should
be familiar with is the Joint Warfighting Concept
(JWC). The most recent JWC was published in
2021 and, as noted by Gen John Hyten (VCJCS),
is an aspirational document focused on enabling
“expanded maneuver” in order to survive and
confuse the enemy’s calculus. Nested within the
JWC as one of four subordinate concepts, the Joint
Concept for Contested Logistics (JCCL) defines
three primary lines of effort (LOEs). Collectively,
these LOEs strengthen and enhance our ability to
sustain the joint fight against the current pacing
threat. The three LOEs include resilient, integrated
logistics command and control (C2); assured joint
power projection; and sustainment for distributed
operations. All three of these overlapping LOEs
are integral to success in a potential peer-level
conflict. Logistics truly enables strategic and
operational reach; it supports the freedom of action
necessary to create better options for CCDRs
while simultaneously creating uncertainty for our
adversaries.
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Examining resilient and integrated logistics C2 (JCCL
LOE #1), we find that the overwhelming majority of DoD’s
logistics systems reside on unclassified networks that are
easily accessible and subject to exploitation. China’s ability
to access, infiltrate, and manipulate our unclassified
logistics systems puts our sustainment operations at
risk, ultimately impacting all three JCCL LOEs. Ensuring
redundancy within our logistics systems—having a
Primary, Alternate, Contingency and Emergency (PACE)
plan—while simultaneously integrating our allies, partners,
and sister services in order to ensure the integrity and
efficacy of the JLEnt, will enhance our ability to overcome
the contested logistics environment.
Furthermore, hardening these systems or utilizing
digital deception tactics against bad-actor intrusion
is vital to victory and will preserve the decision space
needed to project power. It will also allow us to trust
the data within our systems while making accurate
decisions for predictive and push logistics. In the event
we become relegated to operating in a DDIL environment,
it will be critical to know that our logistics data remains
trustworthy. Reliable data will enhance our ability to
accurately predict and push logistics into the theater in the
event logistics C2 is lost or degraded. Integrating reliable
logistics data from across the entire JLEnt will also allow
comprehensive visibility and enhance sustainment within
what will undoubtedly be a heavily contested environment.
Logistics data integration amongst the joint force is also
necessary. Such integration can effectively minimize our
logistics footprint, enabling more survivable schemes of
maneuver through adaptive operations (i.e., ACE), which
are necessary to win the next fight.
To achieve assured joint power projection (JCCL LOE
#2), all three JCCL LOEs must work in tandem. Moreover,
all LOEs are vital to ensuring we have the capability to
enhance our maneuver within the area of operations. A
high likelihood exists that our homeland will be contested
in the space and cyberspace domains. The last two
decades of rotational, relatively uncontested operations
in USCENTCOM have lulled us into a false sense of
security; hence we do not recognize how difficult it will
be to rapidly deploy from home station to the point of
employment. Power projection will be severely contested
in our future fight; therefore, ensuring the warfighter
has the necessities required to enable operations is
paramount not only to survival, but to achieving success.
The sheer tyranny of distance within the Indo-Pacific

will make rapidly deploying the joint force from a
contested homeland more challenging. The likelihood
of operating under highly contested air and sea lines
of communications will make getting to the fight a
challenge which the US has not truly experienced
since WWII.
Once we’ve established that we can get to the fight,
the joint force can continue to focus on sustainment
for distributed operations (JCCL LOE #3). This ensures
we can meet logistical demands of assured power
projection (JCCL LOE #2), while also fully relying on an
integrated, resilient logistics C2 (JCCL LOE #1) in order
to effectively sustain our joint force. Faced with this
multi-pronged challenge, the joint force’s renewed
focus on distributed operations has added an extra
layer of complexity to sustaining myriad locations.
Operations in this Area of Responsibility will be
highly contested, and given the difficult operating
environment, maneuvering will be significantly more
complex. We will be tasked with rapidly sustaining
the joint force, while diversifying our air and sea
Lines of Communication to ensure the ACE scheme of
maneuver can be properly employed. In order for this
sustainment of distributed operations to be employed
effectively, we must leverage our allies and partners,
secure host nation support, and lean on operational
contracting support. It will be logistically infeasible
to rely on all sustainment reaching the theater of
operations from the homeland; therefore, we must
rely on local logistics resources to reduce demand on
deployment and distribution requirements.

Almost every capability enabling
successful competition requires
a competent joint logistician.

Logistics truly enables strategic
and operational reach; it supports
the freedom of action necessary
to create better options for CCDRs
while simultaneously creating
uncertainty for our adversaries.
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Why ALROC?
The JCCL highlights the need for logisticians to
understand the operating environment and the
complementary, divergent, or limited capabilities
the joint force can provide. Ultimately, the joint
logistician must be able to understand and
synchronize all component logistics capabilities
to inform CCMD planning efforts. Even more,
joint logisticians must ensure plans are relevant,
executable, and sustainable. The Air Force spent the
last seven years without a true advanced logistics
course focused on building logistics leaders and
innovators to contribute to the joint force of the
future.

Recommendations
and geographic area while developing the logistics
intelligence required to ensure logistics feasibility
of maneuver options in a multi-domain contested
environment.

The Advanced Logistics Readiness Officer
Course (ALROC) closed its doors in 2015 as budget
challenges drove difficult decisions to identify cost
savings opportunities. In its original form, ALROC
educated senior captains and young majors during
a time where many of these officers were headed to
tactical, joint deployment environments and JET/IA
taskings to support operations in Afghanistan, Iraq,
and other places around the world during the Global
War on Terrorism. Over the next seven years, a
knowledge gap in understanding of operational-level
joint logistics planning became clear. In response,
senior Air Force logistics leaders, led by Major
General Linda Hurry, took the initiative to alleviate
this knowledge gap and pushed to revive ALROC with
a new focus on preparing officers to lead and shape
joint and CCMD planning efforts. Toward that goal,
the new ALROC focus areas include the JLEnt, joint
logistics core functions, the joint planning process,
and understanding of DoD strategic guidance and
processes that shape the force for 2030 and beyond.

At the wing (tactical) level, logistics professionals
have been known to focus on needing the
operational requirements before providing a
logistics plan to meet operational needs. In a
high-end conflict against a peer adversary with
the means to contest multi-domain operations
from the frontline to the homeland, logisticians
must be in the room during the operation planning
to provide real-time logistics feasibility and
solutions. It is imperative to expand from a garrison
mindset to a joint, moving, distributed, and
communication degraded battlefield. Our bases
are no longer sanctuaries, and we must be able
to maneuver, operate, and sustain a distributed
force. This requires distributed logistics capability
synchronized across the joint force. The other
services live this; the Air Force must learn from
them and coordinate across components as a
unified force. In today’s Air Force environment, we
are challenged to fight human nature of succeeding
where we are. We must elevate our thinking to a
level of understanding where our specific mission
or mission capable rate may be subordinate to
a major effort across the joint force. Meaning,
some units may be unsuccessful to enable the
main effort. This reality demands joint logisticians
to prioritize resources appropriately. The new
mindset may require an adjustment to joint logistics
application, and potentially rewrite joint doctrine to
meet the needs and expectations of the CCMDs.

A joint logistician must have the mindset and voice
to affect operations, activities, and investments,
but must get in the room to have an impact. This
requires a strong foundation in joint logistics and
the joint planning process in order to understand
and be able to apply logistics from a Joint Planning
doctrine perspective, as well as understand how
other services conduct logistics to meet CCMD
operational objectives. The intent is to drive a
Joint approach versus an Air Force only, tactical
Wing, in-garrison centric approach most LRO’s
understand. Additionally, as the DOD actualizes
the shift to an INDOPACOM focus after 30+ years of
focus in the middle east, LRO’s need to shift to a peer
fight mindset in a vastly different environmental

ALROC is designed to get after these joint
imperatives through educating logisticians on joint
and Air Force strategy through immersive study of
the JWC, JCCL, AF, and CCMD theater campaign
documents. Further, ALROC aligns with the Air
Force Basing and Logistics Enterprise Strategy
(BLES). Specifically, BLES priority two focuses on
“developing the Airmen we need”, and ALROC meets
that call to action. Through joint education focus,
ALROC develops leaders for the joint community
who understand joint strategy, joint logistics,
and who are prepared to multiply that education
throughout the force with the ability to highlight
logistics relevance using logistics impacts on
wartime success through the lens of history.
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Every Marine a rifleman… why not every Airman
a logistician? New logistics equipment and
systems are no doubt a critical component of
successful joint, contested logistics; but even
more importantly, Airmen must be able to think
critically, creatively, and take action in times
of duress to support mission sets beyond their
standard training. If the Air Force wants to be
creative, and expeditious, in creating MultiCapable Airmen, then it should not shy away
from looking to sister services for inspiration.
The realm of the joint logistician tends to be at
the Field Grade or Senior Non-Commissioned
Officer level, but this need not be the case.
Learning expeditionary skill sets other services
have cultivated can give the Air Force a leg up
on developing its own training. Recent smallscale exercises in Japan have shown success
at training Airmen and Marines side by side for
sortie generation (Edwards, 2022).
Fuels management, expeditionary resource
foraging, and unit level integration with Host
Nation partners are all being conducted now.
However, the lessons learned from these
exercises are not always aggregated and shared
in a way that is easily digestible. A concerted
effort must be made to glean best practices
from these smaller events, and to distill them
into a Joint training regimen. In the past, efforts
to make Airmen expeditionary tended to focus
on so called warrior-skills. But in the coming
fight it isn’t direct base defense that will be most
needed; it will be the capability to act under
pressure and support mission generation across
the joint enterprise, from remote locations with
limited resources.
Of course, too much joint focus does come with
the risk of taking valuable training time and
resources away from USAF requirements. This
is a balance that leaders at all levels will need to
learn how to manage, however. A good starting
point will be for USAF officers to engage with
their peers across Wings to develop crosscompetencies, be it training maintainers to fuel
jets or training supply clerks to think of Class I
and mortuary affairs needs. Finding an Air Force
baseline for cooperation will help when diving
into the lessons learned from sister services and
when developing logistics exercises with them.

On the subject of logistics exercises, the
community must be willing to create practice
situations that allow their team to fail. This is a
very difficult mindset to cultivate, and yet doing
this on a unit-to-unit level at first can create
a level of creative tension to let Airmen failforward. Leaders must also take care to define
the why of MCA in order to mitigate the viewpoint
that it is another extension of doing more with
less. It is, rather, gaining resources to do all jobs
by burden sharing across technical communities,
Services, and Host Nation partners.

Leaders must also
take care to define
the why of MCA in
order to mitigate
the viewpoint
that it is another
extension of doing
more with less.

Conclusion
In turbulent and unpredictable times, people find
solace in the things that they can control. There
is comfort in knowing what to expect, or at least
having a plan from which to deviate. Throughout
history, planning for logistics requirements has
been the key to successful campaigns. In our
complex national security environment one thing
is certain, the ability of the U.S. to prevail against
China in competition and conflict will rest on the
shoulders of joint logisticians.
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of products, applications, or even
industries; but a set of “enabling
technologies” 5 that are industrialized
and used to replace chemical
compounds. 6 As a result, biotechnology
is used in a growing variety of
industries such as agriculture,
environmental studies, forensics,
manufacturing, health care, and marine
ecology. Biotechnology is “emerging
as one of the leading technologies
for the transition towards carbonfree society and for solving critical
societal challenges comprising health
protection, food and energy supply, and
environmental protection.” 7

The Potential of Biotechnology
for 21st Century Logistics

Most equate biotechnology to health
care. Breakthroughs in mRNA,
vaccines, diagnostics, human
performance, pharmaceuticals,
personalized medicine, wearables,
tissue and bone repair, and artificial
organ development have all
transformed the health care industry.
And the bio-health industry certainly
has the ability to revolutionize the
world and national defense. Some
estimates predict CRISPR gene editing
could enable the correction of “89%
of genetic defects.”8 But it turns out,
biotechnology is so much more.

We are obviously going to
end up using biology to make
everything. It is dramatically
superior technology.” — Dr Jason
Kelly, CEO Gingko Bioworks
“Bioindustrial manufacturing
harnesses the power of biology to help
create and domestically source the
manufactured goods that people use
every day. Bioindustrial manufacturing
uses biological systems—including
microbes such as bacteria, yeast,
and algae—to create new materials or
sustainable alternatives to existing
petroleum-based materials.”9 Beyond
healthcare and human performance,
recent innovations and research
in industrial biotechnology have
included everything from bio-mason 10 ,
stronger fabrics using spider silks,
heat resistant materials 11 , the ability
to turn plastic waste into food,
bio-manufacturing in space,12 and
bio-fuels.13 Two years ago, 20%
of chemicals were made through
bio-tech processes.14 With the right
attention, investment and vision, every
problem could have a biotech solution.

By: Ms. Jenna Fletcher

“The interesting thing to program in the 21st
century isn’t going to be computers—it’s biology.”
—Tom Knight, cofounder of Gingko Bioworks
A foundational and unique part of the curriculum at National
Defense University’s Dwight D. Eisenhower School of
National Security and Resource Strategy is the spring
industry program. Students split to study 18 industries and
examine their impacts on national security. As an Air Force
Logistician, you might think I would study Transportation
& Logistics, Aircraft, Advanced Manufacturing, or
the Defense Industrial Base. But I wanted to learn

something I knew nothing about—and so I asked to take
Biotechnology. Not only did I learn a ton; but it turns out
biotechnology may have an enormous impact on solving
the logistics challenges of the future.
The biotechnology industry has exploded. In 2021, US
industry revenue was $137.6B.1 The 2003 completion
of the human genome project 2 , development of gene
editing 3 , and the COVID global pandemic have all made
the biotechnology revolution a household conversation.
At the fundamental level, biotechnology is the “use
of biology for useful purposes.”4 It is not a defined list

Image Above: Artistic rendering of AFRL-developed “Polymerized Liquid Metal
Network” technology. (U.S. Air Force courtesy graphic/Second Bay Studios)
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Loryn Bowen, a research
biologist, conducts research
in AFRL’s newly renovated
laboratory for biotechnology and
organic synthesis research. (U.S.
Air Force photo/Tim Bergeron)
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Let’s break down just a few of those
examples to explore the impacts on
Logistics:
Bio-Concretes: Basilisk “self-healing concrete” uses
“limestone-producing micro-organisms” to create an
“autonomous repair system.” When cracks or damage
appear in the concrete, the bacteria are “activated” by
their reactions to the air and water. Even at its current
stage of development, bio-concrete has the potential
to reduce Air Force infrastructure maintenance and
costs. Any reduction on maintenance has the second
and third order benefits of reducing supply chain and
transportation burdens. But using your imagination,
if the technology were improved, how could it
impact Agile Combat Employment and the need for
dispersed operations? What impacts could it have on
contingency basing and rapid runway repair?
Heat Resistant Materials: We’ve all heard that grapes
are good for the heart. It turns out they are also heat
resistant. Not only may this have applicability with
new fabrics and infrastructure but has the potential
to reduce aircraft maintenance requirements and
improve survivability.
Scalable Distributed Bio-Manufacturing:
Furthermore, using feedstock from across the
country and scalable manufacturing, biotechnology
has the potential to create American independence
from foreign raw materials and manufacturing. The
results are more than just a “widget” or product.15
Industrial biology has the capability of “nano-scale
precision and continent-scale production.” The
potential future ability to manufacture materials and
products in place at forward operating locations (or
even in space) using local resources has an enormous
potential to affect our supply chains, transportation
needs and resiliency.

“Biology builds stuff out in the
middle of nowhere.” — Dr Jason
Kelly, CEO Gingko Bioworks 16
Unfortunately, I don’t think I am alone in my ignorance
regarding the non-medical disruptive potential of
biotechnology. Similar to the internet, microchip, and
human genome, there is a “first mover advantage.” 17
The United States needs to be out in front. Current
US and DoD policy is limited and uneven. While there
are pockets of excellence, even the definitions and
understanding of the potential is not universal.
Of note, there is some senior level recognition of
the problems and the opportunities available. In her
recent Senate testimony, Under Secretary of Defense
for Research and Engineering (USD(R&E)) Heidi Shyu
spoke to the issue and emphasized the reduction in
the percentage of DoD R&D spending, the “explosion”
of commercial spending on R&D, and the need for
the DoD to improve the way it and the private sector
“work together.” 18 In the same hearing, Dr. Stefanie
Tompkins from DARPA outlined an exciting future
where “food, fuel, and water” are created in theater.
Additionally, the most exciting and comprehensive
effort in this space is the 2020 Safeguarding the
Bioeconomy report by the National Academies of
Sciences, Engineering and Medicine. This report
takes a comprehensive multi-disciplinary look at
vulnerabilities and opportunities of this disruptive
technology. Ironically, despite their multi-disciplinary
review their recommendations still recognize and
advocate for a “uniform framework,” additional
funding, and for the President to establish a
“government-wide strategic coordinating body.” 19

Kenley McAdams, from
bioMASON, applies a feeding
to the bacteria to harden the
surface of the Project Medusa
2,500 square foot prototype in
Durham, North Carolina. (Photo
courtesy of James O’Rourke)
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“Current national strategies encourage
policymakers to view advances in
biology through a narrow lens…”
— Dr. Diane Dieuliis 20
The DoD acquisitions system is requirements
driven. Unfortunately, at present, most
requirement owners and “operators” in the DoD
don’t understand the full scope of biotechnology
and are unlikely to consider it as an option to solve
capability gaps. Therefore, at a more tactical
level, the biotechnology industry must become a
focus for DoD outreach and learning. While many
of the DoD biotechnology organizations I spoke
with believe there is strong communication with
the Warfighter, all the examples offered were in
the health arena. 21 There are lots of big picture
recommendations for the US Government, DoD,
Industry and Academia to secure the first mover
advantage in the biotechnology revolution.
However, I offer three tactical recommendations
for the Air Force Logistics Enterprise:
1. Commanders, Directors, Action Officers, and
Project Managers should learn about what is
happening in the bio-technology ecosystem.
They should keep abreast of the industry and
ask questions about the potential for dual use
applications of emerging technology. When
faced with a challenge, investigate if it is
something biotechnology may be able to solve
now or in the future.
2. Include biotechnology companies as part of the
total force Education with Industry programs.
Give our total force Airmen an in-depth
understanding along with the networks to apply
biotechnology to our future plans, contracts,
and solution sets.
3. Finally, our professional organizations such
as the Air Force Association and the Logistics
Officer Association should partner with
commercial biotechnology companies and
include them in our industry outreach and
symposium industry exhibits. This will assist
with wider education about opportunities and
potential of the industry’s innovation.

Dr. Drew Wagner (UES/Materials and Manufacturing Directorate) and Dr.Matthew
Dickerson (Materials and Manufacturing Directorate) discuss the recombinant
production of sub-micron gas vesicles and their potential in military applications.

If you are interested in learning more about the disruptive
potential of biotechnology, I recommend the following resources:
• CSIS panel February 6, 2020. “The Present and Future Promise
of Synthetic Biology”: The Present and Future Promise of
Synthetic Biology | Center for Strategic and International
Studies
• Defense Advanced Research Projects Agency (DARPA)
BioTechnology: Biological Technologies Office (BTO)
• Gingko Bioworks: The Organism Company - Ginkgo Bioworks
• BioMADE: BioMADE
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the true story will remain anonymous). Now, the
people in charge of getting F-16 parts to units
could not be sure why the cut was made, who
advised higher-ups on the effects the budget cut
would have, or if anyone was advised at all. In the
best-case scenario, perhaps there was simply a
higher priority, like the Afghanistan draw-down
or COVID-19 pandemic paychecks, which caused
Congress to cut the parts budget. That would be a
reasonable trade-off, right? Or would it be?

The Silver-Meal Heuristic is the
Silver Lining to Budget Cuts
By: Captain Laura E. Kelly

Some of the information I present in this paper,
relevant to the parts purchasing of F-16s, which was
my inspiration for writing this, is fictional, but based
on truth. Due to the sensitivity and the nature of these
events, the details relevant to the data and the actual
units involved are either changed or unnamed.

After receiving information and meeting virtually with a
unit in charge of F-16 parts, I noticed something strange
and blaringly obvious about one part in particular. One of
the parts, which was consumable, had apparently caused a
few hundred F-16s to go Non-Mission Capable (NMC) status
in the last year alone. The notation explained, “contract
requires renewal.” So, I asked the following question to
the asset manager over the phone: “Why would we not
renew a contract which was about to expire, be the cause
of over 100 F-16s breaking, and drive a 10% dip in average
mission capability over the next year?” After a few phone
calls, I found out that the real answer was a Congressional
budget cut (which is why the names and units involved in

Image Above: Secretary of the Air Force Frank Kendall, Air Force Chief of Staff Gen. CQ Brown, Jr., and Chief of Space Operations
Gen. John W. “Jay” Raymond testify before the Senate Appropriations Subcommittee on Defense for the Department of the Air
Force’s fiscal year 2023 budget request, Washington, D.C., May 17, 2022. (U.S. Air Force photo by Eric Dietrich)
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All decisions have consequences, and cutting a
parts budget, while its effects often cannot be felt
until later, can sometimes be just as problematic
and costly as the current problem at hand. In
2021, I worked at Vandenberg Space Force Base’s
vehicle maintenance shop. In March, a sudden
budget cut caused the entire Air Force vehicle
maintenance parts budget to disappear into
thin air. So, I am familiar with the after-effects
of budget cuts, or the frustration of the Airmen
and customers who must deal with the backlash
of lower mission capable rates for reasons
beyond their control, made by decision makers
who hopefully considered the repercussion. My
research intends to better inform those decisionmakers (and those soon-to-be decision-makers)
on exactly what that repercussion entails, its
effects on excess storage costs, and overall
Air Force mission readiness. I will illustrate the
complex set of issues that arise when a parts
budget is cut using the Silver-Meal heuristic, which
is one option of many that decision-makers should
use when considering what to cut in a financial
crisis. However, the details of this specific model
are not as important as the reason it is being used,
which is to equip leaders, at all levels, to make
informed decisions.
The Silver-Meal heuristic is particularly useful in
helping leaders identify the proper replenishment
amount per period, which could be per day, week,
month, etc. The overall goal of the model is to
balance order costs and holding/storage costs.
High order costs may cause a company to order
less and hold more, while high holding costs may
cause a company to hold less and order more
often. The model works when there is no finite
end point and when order cost is constant for all
periods (Silver et al., 2017). This method works
particularly well with military aircraft parts, since
our aircraft constantly outlive their intended
lifespans, and in many military contingency
operations with no known end date.

The simplest version of this can be explained
by the following formula, which applies when
one replenishment at the first period covers
requirements until period T (Silver et al., 2017):

Now, as an example, I will use the following to illustrate
monthly demand for a specific F-16 part in Table 1.

TABLE 1

In this example, it costs $54 per month for production/
setup, and $20 at a rate of .02 per month per unit to
store it. To figure out how much to order each month
we can use the Silver-Meal heuristic to balance setup
and storage costs. With this model, carrying costs are
calculated with the following:

Requirements * Unit Variable Cost * Carrying Charge *
Months in Inventory
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In first month, the carrying cost is $0, assuming there is
no inventory being stored prior to month 1. The order will
cost the same each month an order is placed: $54. In the
second month, we will first calculate the cost to order the
demand of months 1 and 2 in month 1, where the order cost
is still $54, but carrying cost will change to the following:

TABLE 3

62 (Requirements) * .02 (Unit Variable Cost)
* 20 (Carrying Charge) * 1 (Months in Inventory) = $24.80

To calculate the total cost, we add $24.80 to $54, which is
$78.80. To calculate the total cost per time, we divide the
total cost by time T, which, in the second month equals 2.
We get the following:
Because the lowest total cost per time is in April, we decide to buy 130 parts in April. This makes logical
sense, due to the amount of items that would need to be purchased for the month of May; and the holding
costs would be quite high if purchased in April. Table 4 contains the results for May’s purchase order.

Continuing to do this until total cost per time increases,
the results are in Table 2.

TABLE 4

TABLE 2

Because June has the lowest cost per time, we decide to purchase 283 (154 + 129) parts in May, for both May
and June. Basically, we examine whether it is cheaper to store or to replenish, and pending the demand or the
requirements for that month, we make a decision. The rest of the year’s orders can be seen in Tables 5-8.

TABLE 5

Using the Silver-Meal heuristic, we can analyze which total cost per
time is the cheapest. Since buying the requirements for the first
3 months has the cheapest cost per time, we decide to purchase
74 (10 + 62 + 12) parts in the month of January, to supply January
through March.
We analyze April and beyond next, calling April month 1, where its
month in inventory starts again at 0, which can be seen in Table 3.
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TABLE 8
We decide to purchase July and August’s orders in July.

TABLE 6

In November, we decide to purchase the requirements for November and December because
December has a low inventory and the holding costs are lower than an extra $54 order cost.
Based on Tables 1 through 8, the total cost of parts purchasing and storage, using the Silver-Meal
method, is equal to the total cost of all 12 months:

88.40 + 54 + 105.6 + 74.8 + 54 + 54 + 70.4 = $501.20

It is also worth noting that this model is simply a tool to assist managers in decision-making
processes. In Table 6, because the difference in total cost per month is a mere $5, a manager
may very well decide to purchase both September and October’s orders in the month of
September. This could be due to leadership foreseeing a shortage in parts in the future, a
shortage in truck drivers, a budget cut, etc. However, for the simplicity of this paper, we will
use the cheapest order point and purchase September’s orders in September.

Now, if there was a budget cut at the beginning of the year, and in the best-case scenario, there
is a foreseen issue with getting stock because of a budget cut and an end to a contract. Let’s
presume the Air Force is aware this is going to happen, so we purchase items early to prevent the
unavailability of F-16 parts that would cause planes to stay broken for longer and reduce mission
effectiveness. The cost, if we decided to preemptively purchase parts for an entire year to avoid
negatively impacting the mission, would be calculated by adding $54 (the single production cost)
to the carrying costs of each month’s projected inventory. The results can be seen in Table 9.

TABLE 7
TABLE 9

In October, we decide to purchase only a month’s worth of parts. This makes
logical sense based on the requirements in November, as holding costs would
be quite expensive to hold November’s 238 parts in October.
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Indeed, holding costs add up, especially over the span of 12 months. If a budget was cut and we had
to store an entire year’s requirements to ensure parts availability for F-16s, it would cost $13,592.80,
which is $13,091.60 more than it would have costed purchasing parts throughout the year, using
the Silver-Meal method. However, remember when I said that this was the best-case scenario? Yes,
the best-case scenario is a planned budget cut and a loss of $13K. The worst-case scenario is an
unplanned budget cut, where F-16s break, consumable parts are not available, and the Air Force’s
mission capability simply drops… because aircraft do not get repaired until parts are received.
The above scenario is simplified by using small numbers. What if we used numbers that were more
realistic to F-16 parts? What if it was $200?

TABLE 10

Tables 1 through 11 provide a rudimentary
example of how storage costs can add
up quickly. And while my inspiration for
writing this came from a parts budget cut,
this same logic can be applied to the event
that happens at the end of every fiscal year,
in every unit. When units have unobligated
funds in September, what do they do? They
spend it, because if they don’t, they will
receive less money the following year. Do
decision-makers understand the extra
storage costs required to hold all those
items? Maybe. If not, hopefully they will
read this paper.
So perhaps Congress does not read my
article. And perhaps we, as logisticians,
have no way to effect change in Congress’
decision-making processes. To explain
how carrying costs play a role in lowerthan-Congress level thinking, another
example might be opening a new military
camp in a remote location. The more
equipment we send, the higher the
carrying cost. A larger plot of land to hold
more equipment, facilities, and aircraft
does not simply mean a higher cost to

What if it was $2000?

TABLE 11

purchase it. It means deploying more
security forces troops to secure the
perimeter, deploying more civil engineers
to build facilities, deploying logisticians
to transport equipment to and from the
base, deploying more aircraft and more
pilots to fly the equipment, bringing more
force support troops to lodge them, etc.
Carrying costs can vary, depending on the
environment at hand, so deciding between
moving all equipment immediately versus
some equipment at a predetermined
rate can mean a change in requirements
and a stark contrast in shipping and
carrying costs. Sending all capabilities
at once versus planning shipments over
time can save the military hundreds of
thousands of dollars. And decisions like
that often aren’t made by Congress…
they are made by logisticians and leaders
advised by logisticians. Decisions
have consequences. So we, as military
logisticians, must both understand and
ensure our leadership understands exactly
what those consequences are, particularly
when mission readiness is at stake.

Carrying costs can vary, depending on the environment
at hand, so deciding between moving all equipment
immediately versus some equipment at a predetermined
rate can mean a change in requirements and a stark
contrast in shipping and carrying costs.

Reference:
Silver, E. A., Pyke, D. F., & Thomas, D. J. (2017).
Inventory and production management in
supply chains. Crc Press.
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The Current Leadership
Environment
Although not as exciting as the most recent
Sustainment Strategic Framework or F-35
update, effective field-level leadership is
critical to attaining strategic-level goals.
At the 2022 Logistics Officer Symposium,
Lieutenant General Warren D. Berry pointed
out that 54% of maintenance career fields
have less than six years of maintenance
experience. Furthermore, he reminded
us 44% of the aircraft fleet is beyond its
expected service life. These two factors
put intense pressure on squadrons to
produce—with less experience and old jets.
Lt Gen Berry admits in his white paper, “An
inexperienced, undermanned and, as a
result, overtasked maintenance workforce
in our operational units contributes to,
exacerbates, and compounds the risk to
AF readiness.” The same legacy leadership
principles will not help with less experience
and old jets. We have got to be different.
As a logistics community, we must accept
tomorrow’s problems will demand the
application of new leadership skills. Skills
that are not necessarily brand-new but have
not been frequently applied in the military
writ large.

On Leaders in Logistics
By: Lieutenant Colonel Christopher Rousseau

We all know the logistics environment is changing.
Aging fleets and maintainers with less experience
than a generation ago are just a few of the risks the
leaders in logistics face in today’s squadrons. But one
of the biggest challenges we face is not external—it is
internal. It is our legacy leadership principles. Just as
our fleets age and require upgrades, a reexamination of
our leadership principles is long overdue.

I will offer the current environmental context demands
we include a few updates to some of our time-honored
leadership principles. I am certainly not implying that
we should abandon legacy principles. On the contrary,
I aim to offer you previously overlooked—even
ridiculed—principles that will boost your leadership
acumen and enable you to serve our organizations and,
more importantly, our Airmen more effectively.

Image Above: Gen. Janet Wolfenbarger, Air Force Materiel Command commander, and Lt. Gen. Bruce Litchfield, commander,
Air Force Sustainment Center, join Brig. Gen. Cedric George, Warner Robins Air Logistics Complex commander, in a rally with
572nd Commodities Maintenance Squadron F-15 ramp shop employees during a visit to Robins Air Force Base, April 15, 2013.
(U.S. Air Force photo by Tommie Horton/Released)
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At this point, it is not practical or possible
to discuss every principle; nor can I insist
applying them will instantly improve our
metrics or Airmen’s lives. That would be
delusional! We all know that logistics is more
complex than that. Instead, let me suggest
a couple of principles I, along with others,
have been applying to our organizations to
help create a high-performance culture that
can overcome the various obstacles our
community will face very soon.

Psychological safety means we
feel comfortable taking risks and
admitting failure in the workplace.

Lt. Col. Bryon McGarry, 57th Wing public affairs officer, greets Simon Sinek,
author and inspirational speaker, as he arrives for a tour of Nellis Air Force
Base, Nevada, Feb. 8, 2021. Sinek met with leaders at Nellis to discuss diversity
and inclusion. (U.S. Air Force photo by Senior Airman Bailee A. Darbasie)

The Principle of the Infinite Game
While Simon Sinek was not the
creator of the Infinite Game
principle, he certainly reminded
us about it in recent years. In his
book of the same name, Sinek
reminds us there are two types
of games in the world: finite and
infinite. Finite games have known
players and known rules and end
with a winner and loser. Sounds like
our traditional view on things like
board games, sports, and...war.
Infinite games, on the other hand,
have both known and unknown
players, known and unknown rules,
and never end. Players are involved
to one end only—stay in the game.
Think geopolitics or marriage!
Although many have tried, you do
not ever win the world...right?
We know we certainly cannot “win”
logistics. Just like geopolitics,
life, and logistics, we need to
start thinking about keeping our
organizations and our Airmen in
the infinite game for as long as
possible. As logisticians, we tend
to look at each challenge from a
win-lose lens. We must beat the
timeline, overcome the obstacles,
and win the day. But, to what

end? Will our organizations and
Airmen be ready tomorrow after
we won today? Will we be prepared
to provide persistent mission
generation daily across vast
distances? Will our Airmen stay in
long enough for a fulfilling career
to leave the military better people
than when they joined?
We have to update our approach.
The logistics world is filled with
known and unknown players,
known and unknown rules, and
never ends. It is the quintessential
infinite game. Sinek offers five
rules to expand our infinite
mindset:
1.
2.
3.
4.
5.

Exist for a just cause
Build trusting teams
Find worthy rivals
Be existentially flexible
Lead with an infinite mindset

A glance at these five rules can
see that they apply to the logistics
community. Imagine what a more
profound study could reveal. If you
are interested in a more in-depth
explanation, check out this link.
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The Principle of Psychological Safety
We must admit that the logistics environment
is full of uncertainty and interdependence. We
deal with it daily. Because we operate in an
uncertain and interdependent community, we
need to cultivate the principle of psychological
safety in our organizations and our Airmen. As
told by the accomplished Dr. Amy Edmondson,
psychological safety means we feel comfortable
taking risks and admitting failure in the
workplace. It is the culture we need if we want
our organizations and Airmen to be innovative,
adaptive, and willing participants in making
things better. Too often do our organizations and
leaders propagate cultures that make it difficult
or nearly impossible to speak up against the
status quo. I know it is not something we would
consciously do, but we must admit it happens.
Furthermore, psychological safety doesn’t
happen unless you purposefully cultivate it. I
understand it might seem like a soft approach,
but right now, it is precisely what we need to
start building solid teams in logistics.

come back? If we can, then the door is a
two-way decision point, and we should
appropriately push those decisions to the
lowest level. However, if we walk through a
door and cannot return, the door is oneway, and we should reserve those decisions
for the appropriate authority. Think of how
empowered and freed our Airmen would feel
if we encouraged them to walk through the
two-way doors! We need only to admit most
of the doors in our organization are, in fact,
two-way doors.
Dr. Edmondson has multiple discussions in
several social spaces about her discovery
of psychological safety. I have enjoyed
watching this one.

The Principle of Vulnerability
Vulnerability is something we rarely hear about
in the military leadership arena. We usually
use the term to describe ways adversaries may
take advantage of our lines of communication.
However, if we want to create more empathetic
and connected leaders in logistics, we need
to begin the discussion sooner rather than
later. Renowned author and researcherstoryteller Brené Brown has found a way to
bring vulnerability to the forefront of cultural
awareness. She has done it beautifully in books
like Daring to Lead and this TED talk. I would
recommend them to start your journey into
vulnerability.

Dr. Edmondson has a survey to assess the level
of psychological safety in an organization,
and it is entirely open to evaluating the
current environment in our organizations.
Additionally, she shares three things we can
do in any organization to improve the level
of psychological safety: frame the work
as a learning problem needing everyone’s
participation, acknowledge your own fallibility,
and ask a lot of questions.
Psychological safety means allowing our leaders
in logistics the freedom to make mistakes,
learn from those mistakes, and become better
leaders as a result of said learning experiences.
The same concept should apply to developing
our future leaders in logistics: give them an
environment where they can try new things
without fear of negative consequences and
provide ongoing feedback and mentorship
throughout that process. We can frame this
environment very quickly with a door analogy.
Each decision needing to be made is a door.
If we decide to walk through a door, can we

Brené Brown (center) poses for a photo after talking courage, vulnerability, and leadership with the 56th Fighter Wing of the Air Force at Luke
AFB. Leaders from Barksdale AFB presented her with the artwork, seen here. (Photo from Brené Brown’s Facebook)

Professor Amy C. Edmondson, Novartis Professor of
Leadership at Harvard Business School. (Photo by
Evgenia Eliseeva)
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As leaders, we are responsible for connecting
Airmen to several things: the mission, the
base, the unit, and each other. Brown found
in her research that to be connected to those
things, we need to be vulnerable, and you can’t
overcome vulnerability without talking about
shame. Shame is something we all feel but
rarely talk about. Have you ever asked yourself,
are you good or worthy enough? Are you good
enough to hold this position? Are you good

enough to be in this organization? Are you
good enough to be considered a maintainer
or logistician? That’s shame creeping into our
minds! Brown points out we tend to numb these
feelings with various coping mechanisms—
alcohol, medication, shopping, and food—but
these will not relieve the thoughts of shame.
We cannot connect without admitting shame
and vulnerability are part of our everyday lives.
We all experience it! It is part of the human
condition. And, it will keep us from connecting
our Airmen to anything if we do not get shame
and vulnerability into our lexicon. Brown boldly
points out that vulnerability is not synonymous
with weakness. Instead, it is the birthplace of
joy, connectedness, creativity, and empathy.
She encourages us to embrace vulnerability
and show gratitude to connect our Airmen to
the mission, the base, the unit, and each other.
How unstoppable we would be in the logistic
field if we had that sort of connectedness!
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Employing the Principles
With the oldest fleets since the inception
of the Air Force being maintained by a
less experienced force, we stand at a
crossroad. We can choose to adopt a
legacy mindset, continue with the oldschool methods, and lead from the past.
Or, we can choose a different road.
We can admit that the same principles
that got us here will not help us solve our
current problems. Leaders in today’s
logistics environment need to embrace
new perspectives like that of an infinite
game. We can recognize people have
a natural tendency against risk-taking
because our organizations have low

psychological safety. We can admit
a lack of vulnerability in our leaders
causes us to be less connected with
our Airmen and organizations. We
can seek out those in the leadership
thought space today like Simon Sinek,
Dr. Amy Edmondson, and Brené Brown:
writers and thinkers whose ideas must
have a place in the military leadership
space. Leaders in logistics need to
continue to make a difference in our
organizations and Airmen by applying
the new principles these great authors
put forth. Do we not deserve an update
or two to our leadership approach
every once in a while? Or, should we
keep that legacy mindset?

“We stand at a crossroad.
We can choose to adopt a
legacy mindset, continue
with the old-school
methods, and lead from
the past. Or, we can
choose a different road.”

Association of Marine Corps Logisticians and
Christopher Newport University’s Center for
American Studies in partnership present

AMCL Symposium
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Logistics Rewired
NOVEMBER 1-2, 2022 | CHRISTOPHER NEWPORT UNIVERSITY
U.S. Air Force Lt. Gen.
Warren Berry, deputy
chief of staff for
Logistics, Engineering
and Force Protection,
Headquarters U.S. Air
Force, Arlington, Va.,
asks 86th Logistics
Readiness Squadron
supply technicians a
question on Ramstein
Air Base, Germany, July
18, 2019. Berry toured
the 86th Civil Engineer
Group, 86th Maintenance
Squadron, 86th LRS, 86th
Munitions Squadron, and
86th Security Forces
Squadron.
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The AMCL Symposium’s networking and professional
development agenda will provide logisticians at all
levels of leadership with the awareness and
understanding to unleash their creativity to solve
logistics and supply chain challenges.
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that require it to be retained as just-incase stock for readiness purposes. If
we address inventory with these two
perspectives in mind, we may be able
to come up with more efficient ways of
managing inventory while at the same
time increasing readiness.
Inventory stocked at base-level
Logistics Readiness Squadrons is
usually categorized as consumables
or reparables. Consumable inventory
is stock whose useful life or value
is consumed during use. Examples
of such inventory are wires, nuts,
or bolts… low-cost items that are
dispensable. Reparable inventory
consists of items that can be repaired
and whose value drives the decision of
a repair or replace action. Examples
of reparable items include landing
gears, engine components, or radar
equipment. Different algorithms and
methods are used for determining the
required stock levels for consumable
items and reparables. Quantitative
models such as Economic Order
Quantity (EOQ) or Customer-Oriented
Leveling Technique (COLT) are
commonly used for consumables and
seek to minimize either inventory
cost or customer wait time (Gaudette,
Blazer, & Alcorn, 2002; Vinson &
Gaudette, 2003). For reparables, we
use the Multi-Echelon Technique for
Recoverable Item Control (METRIC)

The Paradox of Inventory in
Readiness-Based Organizations
By: Staff Sergeant Lauren Rogers
The United States Air Force (USAF), as a readiness-based
organization, is often faced with paradoxes in the management of
inventory. Paradoxes are statements that when looked at separately
make logical sense but when combined contradict themselves
(Rescher, 2001). For businesses, paradoxes can create obstacles
in reaching your company’s objectives, whereas learning and
understanding your paradoxes can make them more manageable
(Baldwin, Sauser, Boardman, & John, 2010). From a cost perspective
view, we have inventory that has no current demand to justify its
retention. In this pure cost-based perspective, this inventory is
unnecessary and excess. From a readiness perspective of inventory
management, we are managing this inventory under business rules

If we address inventory
with [both cost-based and
readiness] perspectives
in mind, we may be able to
come up with more efficient
ways of managing inventory
while at the same time
increasing readiness.

Image Above: U.S. Air Force Staff Sgt. Daishawn Burley, 60th Logistics Readiness Squadron materiel management aircraft parts store
technician, operates machinery to pull an asset from a shelf? Sept. 23, 2021, at Travis Air Force Base, California. The 60th LRS Materiel
Management Flight is responsible for managing inventory. They administer and operate complex supply systems to ensure financial
accountability for all of the utilized supplies. These Airmen ensure every asset—from small screws to multimillion-dollar machinery—is
accounted for and where it needs to be whenever our Airmen need them. (U.S. Air Force photo by Airman 1st Class Alexander Merchak)
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model, which calculates stock levels
that minimize the total expected back
orders across multiple locations of
inventory within a certain budget
constraint (Graves, 1985; Sherbrooke,
2004). In the Air Force, we are taking
the METRIC model and applying it
not only to a depot and two bases, as
the basic model represents, but to
every warehouse and depot—which
is a difficult task. It should be noted
that these algorithms only determine
the authorization for inventory.
The management actions of the
physical inventory are driven by Air
Force Instructions (AFIs), enterprise
business rules, and local policies. It’s
in these AFIs, rules, and policies where
inventory management paradoxes
emerge.
According to the U.S. Government
Accountability Office (GAO), inventory
management in the Department of

Defense (DoD) has been marked as a
high-risk area in the supply chain since
1990 (GAO, 2015). The Air Force has
implemented a system that’s able to
track over 35 million assets valued at
$18 billion resulting in Air Force-wide
improvements and mitigating inventory
issues (Business and Enterprise
Systems Directorate, 2022). Our goal
with information systems is to improve
readiness and keep down costs through
automation and centralizing inventory
management decisions. Within
these information systems, policy
and business rules are implemented,
which has resulted in billions of
dollars of excess accumulation (GAO,
2015). To combat excess, the DoD has
continuously set excess inventory
goals for the defense. In 2010, the
government set a goal to decrease
the total on-hand excess inventory
from 11.3% to 10% of the total value of
inventory by 2012 (GAO, 2012).

Figure 1: On-Order Excess. (GAO, 2012)

Algorithms only determine the
authorization for inventory. The
management actions of the
physical inventory are driven
by AFIs, enterprise business
rules, and local policies. It’s in
these AFIs, rules, and policies
where inventory management
paradoxes emerge.
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The DoD’s goal was to reduce the on-order
inventory to 4% by 2016, and in 2010, all
services were on par with meeting the goal.
To accomplish this goal, the USAF looked
at factors such as the date of last demands
(DOLD) greater than 10 years and deferred item
disposals. It was determined that economic
retention stock was a critical factor in the
reason the Air Force held onto excess, which
was reported as $2.6 billion of inventory that
was not justified (GAO, 2015). The GAO (2015)
reported, “According to DOD guidance, the
services should ensure that inventory not
needed to meet peacetime and wartime
requirements is retained if (1) it is more
economical to retain than dispose of and risk
rebuying in the future (economic retention
stock) or (2) the items can be used during
specific contingencies (contingency retention
stock)” (p. 23).

According to Silver & Pyke (2017), “When
studying the inventories of many companies,
it is common to find a significant percentage
of the stock items that have had absolutely
no sales (or internal usage) in the last one
or more years. In some industries, the
percentage of stock items that have had no
usage in the previous 52 weeks can be as
high as 47%” (p. 366). In 2007, the Air Force
reported that 79% of their on-hand and
on-order spare parts had no reoccurring
demand (GAO, 2007). When looking at the
2013 inventory for the Air Force’s total value
of inventory excluding contractor-managed
inventory, there was $31 billion of inventory
which cost $48 million in storage (GAO, 2015).
Holding costs account for 15% or $48 million
of $31 billion in assets. The value of on-hand
excess inventory is $2.6 billion, accounting
for roughly $4 million in storage per year in an
Air Force. Given holding costs equal to 15%
of an item’s value, the Air Force is technically
“repurchasing” an item every 7 years. (7 x 15%
of the unit cost = 105% of the unit cost).

Figure 2: Total Value of Inventory. (GAO, 2015)

Given holding costs
equal to 15% of an
item’s value, the Air
Force is technically
“repurchasing” an
item every 7 years.

Excess items in inventory can be grouped into two
categories: replenishment errors and inaccurate
demand rates. Replenishment errors cause an
overage or shortage of items. Human error includes
entering the wrong amount in a computer system,
inventory records (parts in the wrong locations and
even maintenance keeping an unauthorized number
of items), and overall, just quantity purchases/
contracts that didn’t withstand this item (Silver,
et al., 2017). The second major issue stems from
forecasting the demand rate as too high. This
often occurs from using the wrong method for
forecasting, changes in sales, technology issues,
and customer cancellations (Silver, et al., 2017).
Excess items exist in warehouses across the entire
enterprise, some with zero demand for many years.
Due to the way the Air Force purchases and manages
inventory, costs to carry these items in inventory
are consuming scarce funds and time that could be
contributed back to operational readiness. The Air
Force Working Capital Fund (AFWCF) is a revolving
fund that requires us to sell inventory to purchase
more inventory. The GAO (2014) explains that “Cash
generated from the sale of goods and services is the
AFWCF’s primary means of maintaining an adequate
level of cash to sustain its operations” (p. 4). So
not only are we “repurchasing” these parts every
seven years from the holding costs equation, but we
are tying up funds that could be used to purchase
inventory supporting newer and current weapon
systems. Additionally, we are now expending
scarce operation and maintenance (O&M) funds to
warehouse the excess items. Some may say that the
O&M aspect and personnel costs are sunk costs or
minor for the overall budget, but is this what we want
Airmen doing, managing parts that may never be
needed for aircraft systems that may not even exist?

Some of the items in this [real LRS]
warehouse date back to 2002 which,
based on a 15% holding cost, means they
have been “repurchased” at least twice.
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Using the inventory of an actual Logistics
Readiness Squadron as an example, anecdotal
evidence of the costs of excess inventory can be
described. Data for one specific National Stock
Number (NSN) was pulled from the DOLD listing.
The Radar Processor line item includes one item in
an LRS warehouse with a serviceable balance but
no demand. Not only do they have five serviceable
assets of these $132K radars with no demand, but
the last time there was demand was in 2016. Some
of the items in this warehouse date back to 2002
which, based on a 15% holding cost, means they
have been “repurchased” at least twice.
The true status of inventory comes from the
individuals doing the floor-to-book inventories
directly in the LRS monthly. The efforts and
lengths to which our Airmen go to achieve meeting
the mission daily can mask problems that affect
the enterprise. The management of excess
inventory often becomes a secondary or tertiary
objective whose effectiveness is often a function
of Airmen’s experience. Procedures for handling
excess are either absent or ambiguous in our
instructions, often referring to the Item Manager
for disposal instructions. Airmen with significant
warehouse experience have developed their own
“algorithms” for handling excess. For example,
local procedures could include:
1. Review inventory for the dead stock over a
certain number of years and work stock with the
least demand first.
2. Check each stock item for handling codes and
priority (e.g., stockage priority).
3. Contact each item’s Item Manager for
disposition instructions

Is this what we want Airmen doing,
managing parts that may never be
needed for aircraft systems that
may not even exist?
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The individual actions of our Airmen are often
restricted due to current policies and business rules
governing excess inventory. AFI 23-101 (2021) states
that our Airmen must “Ensure potential reutilization/
disposal material, as well as inactive and obsolete
items, are removed from the AF supply system stock in
an efficient, timely, and economical manner” (p. 71). This
policy is implemented through system business rules
that can be categorized into three policies:
1. Disposal for ALC-managed NSNs (reparable assets)
are 100% controlled by the ALC.
2. NSNs that fall under a weapon system can be
disposed of once Enterprise DOLD > 10 years.
3. NSNs that don’t fall under a weapon system can be
disposed of once Enterprise DOLD > 3 years.
Exceptions to AFI-driven stockage policy and business
rules include the transfer or disposal of excess stock
before the requisite retention period because either an
item has eclipsed its shelf life or storage capacity in a
location has been exceeded (AFI 23-101, 2021).
Understanding that a paradox of inventory exists in the
Air Force’s handling of base-level inventory provides a
clue that we can do better in our management of excess
inventory. Take for instance an inventory item whose
management code indicates disposal can occur after
10 years and only after authorization by the managing
ALC. In this example, no action will take place until 10
years have passed since the last demand and then only
if the controlling ALC acknowledges its existence and
authorizes its disposal. In today’s world of accelerated
product life cycles, diminishing sources of supply,
and periodic weapon system updates, these items
represent nothing but excess costs during that time.

These costs come in the form of Airmen’s time,
warehouse space, and funds that have been tied up
in inventory that can’t be sold to regenerate money
for inventory needed to support current demands.
Additional costs come in the form of the item’s
size and weight as they determine transportation
and storage costs. When looking at excess from
an enterprise view, it is easier to leave assets at
a base for fewer Mission Impaired
Understanding that a
Capability Awaiting Parts (MICAP) and
transportation. On the contrary, if
paradox of inventory
parts that have been at a base with zero
exists in the Air
demand for five years are sent back to
Force’s handling of
the source of supply, parts still are able
base-level inventory
to be used when requisitioned (freeing
up warehouse space).
provides a clue that

we can do better in
our management of
excess inventory.

Readiness requires inventory to meet
immediate demands, but this focus
stresses the government’s limited
resources and financial constraints. As
a readiness-based organization, if we
focus on the paradox of inventory management, we
can potentially change from the mindset of “once we
have it, it is easier to keep it than getting rid of it and
needing it later” to one that is focused on improving
policy and business rules that decrease cost and
improve readiness. Potential recommendations
for the Air Force to unravel this paradox could
include modernizing excess inventory policy to
reflect the decreased product and system life
cycles and looking towards more casual forecasting
methods to reduce excess inventory. Implementing
such recommendations could prove beneficial by
focusing Airmen’s time and effort on the mission
of today and improving readiness funding for the
weapon systems of tomorrow.
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Airman 1st Class Ryan
Kekic, 4th Logistics
Readiness Squadron
warehouse maintainer,
grabs a part for an F-15E
Strike Eagle engine at
the aircraft parts store
on Seymour Johnson
Air Force Base, North
Carolina, Nov. 6, 2020.
The aircraft parts store
organizes and pulls
assets to support and
maintain F-15Es. (U.S. Air
Force photo by Airman 1st
Class Kimberly Barrera)
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PHOTO HIGHLIGHT

She Flies with Her Own Wings:
Senior Airman Jessica Pieper, F-35A
Lightning II Demonstration Team
dedicated crew chief, catches an
F-35A in preparation for the Oregon
International Air Show, May 19, 2022,
at Portland Air National Guard Base,
Ore. Dubbed the “She Flies with
Her Own Wings” air show, the event
was considered an all-female air
show including female performers,
maintenance personnel, emcees, and
air bosses. (U.S. Air Force photo by
Capt. Kip Sumner)

No matter the platform
we’re always ready.
From conception to sustainment and modernization,
to the integration of high-technology services, we
deliver innovative logistics solutions enabling
affordability and global mission readiness.
Defining possible.

ngc.com/modernization
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Over the course of the First World War,
the British Royal Flying Corps (RFC) and
its successor the Royal Air Force (RAF)
laid the foundation for the contemporary
logistics organization of the United
States Air Force. From the complexity of
sourcing from international supply chains,
the concept of 3-level maintenance,
transitioning from pull- to push-logistics
to trade “efficiency for operational effect,”
and coordinating the simultaneous
movement of both squadrons and air
depots to ensure that average monthly
aircraft serviceability never dropped
below 80%, there are many lessons from
this period that inform the contemporary
challenges of the USAF in strategic
competition (Dye, 2015, pp. 25, 41, 156,
120, 139). These key lessons taken from
Peter Dye’s book The Bridge to Airpower:
Logistics Support for the Royal Flying Corps
Operations on the Western Front, 1914-18
offer insights that Air Force logisticians
would do well to consider and will be
explored in the remainder of this text.

#BringingThemBack: Lessons
from the Royal Flying Corps for
Contemporary Logistics in the USAF
By: Captain Evan Hanson
A little over a century ago, Great Britain was at war. Honoring
its alliances with France and Russia, the island nation found
itself engaged in an expeditionary, continental struggle against
Germany, Austria-Hungary, and Italy, whose industrial and
military powers rivaled its own. Some eleven short years after
Wilbur and Orville’s first flight at Kitty Hawk, the success of the
British Expeditionary Force depended upon the success of a new
technology. It was a modern marvel capable of unprecedented
surveillance, reconnaissance, and later, attack—but only if it
could be fielded, launched, and recovered on a timeline relevant
to the mud-soaked commanders in the trenches. This technology
was called the airplane, and logistics made it possible.

From the outset of the war, “Logistics was
the bridge between the nation’s economy
and airpower,” (Dye, 2015, p. 163) but
complexity of this supply chain extended
beyond British borders. Throughout the
war, Great Britain relied on French aircraft
and aero-engine production that far
exceeded domestic sources of supply—

going so far as to invest £2 million in
the construction of a new plant run by a
French company (Dye, 2015, pp. 25-26,
70). To ensure that warfighters had
sufficient air support on the Western
Front, the British government and the
RFC integrated supply chains across
the alliance —reminiscent of the Air
Force Chief of Staff General C.Q. Brown’s
recent call for “improving the way we
leverage the capabilities of Allies and
partners and building far more robust
interoperability” (Brown, 2022, p. 10).
The genius of the RFC’s logistics
organization extended from production
capacity at home to the organization of
support units in the field. Over the course
of the war, and thanks to the steady
leadership of Brigadier-General Robert
Brooke-Popham, the RFC developed
a 3-tier-system of maintenance
incorporating field level maintenance
activities, air parks (performing the
equivalent of intermediate-level
maintenance today), and air depots (Dye,
2015, p. 141). Beholden to the limited
aircraft range of the day, these critical
logistics nodes came under threat from
advancing German forces, prompting the
Brigadier to order a fundamental shift
from a pull- to push-supply system.

To ensure that warfighters
had sufficient air support
on the Western Front, the
British government and
the RFC integrated supply
chains across the alliance

Over the course of the First World
War, the British Royal Flying Corps
(RFC) and its successor the Royal Air
Force (RAF) laid the foundation for the
contemporary logistics organization
of the United States Air Force.

Image Above: Royal Flying Corps mechanical workshop. January 1916. Source.
Royal Flying Corps workshop with propeller engines. January 1916. Source.
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By prepositioning additional supplies
closer to operational units, BrookePopham “enabled the squadrons
to sustain an exceptionally high
operational tempo throughout the
German 1918 offensive” and the RAF
established an additional 27 squadrons
(from 56 to 89, an increase of 59%)
over the course of 1918 (Dye, 2015, pp.
125, 167). The RAF accomplished this
all while moving tens of thousands
of personnel, materiel, and support
equipment and maintaining aircraft
serviceability rates that never dropped
below 80%—and often achieved 90%
(Dye, 2015, p. 169). In 1897, the largest
retail firm in North America was Sears,
Roebuck, and Co., whose catalogue
included more than 20,000 line items.
At the height of World War 1, the RFC
managed over 50,000 individual parts—
all by logbook (Dye, 2015, pp. 147-148).
Although making a direct comparison
between supply chain operations
then and Air Force logistics today may
color over significant differences,
the enormous complexity of this feat
should give contemporary logisticians
pause. Yes, fifth-generation aircraft are
orders of magnitude more advanced
than the World War 1-era prop planes
employed by the RFC, but supporting
a dynamic front line and limited-range
aircraft without the luxury of a modern
computer cannot be understated. Even
with the differences, it is still worth
considering how we might relocate an
Air Logistics Complex with short notice
if only to appreciate the scale of this
achievement.

While these triumphs of logistics are
historic by their own merits, they also
have relevance to the United States
Air Force’s logistics system today. As
contemporary maintenance, logistics,
and operations squadrons consider
how to achieve the agility required
by the Agile Combat Employment
concept, the experience of Brigadier
Brooke-Popham and the loggies under
his command provides a roadmap—
demonstrating the necessity of
strategic mobility, effective logistics
command and control, and criticality of
multiple sources of supply. Key to this
success was “an organization imbued
with an innovative spirit, a flexible
approach, and a willingness to work
hard to achieve results” (Dye, 2015, p.
137).
Thankfully, today’s Airmen no longer
need to accomplish inventories
referencing logbooks, but given the
hundreds of disconnected legacy
computer systems supporting the Air
Force’s global logistics mission (United
States Senate Permanent Subcomittee
on Investigations: Committee on
Homeland Security and Governmental
Affairs, 2014), how effectively does the
Air Force use data to inform logistics
decision making? Logistics-centric
businesses like Amazon leverage data
to great effect, integrating across
functions to optimize throughout
supply chains (Demir, 2017). As senior
Air Force leaders call for “operations,
activities, and investments—
intentionally linked and strategically
aligned” (Brown, 2022, p. 10), assessing

The experience of Brigadier Brooke-Popham
and the loggies under his command provides a
roadmap—demonstrating the necessity of strategic
mobility, effective logistics command and control,
and criticality of multiple sources of supply.
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the quality of data as it crosses
organizations and IT systems is crucial.
Just as an aircraft is only effective in
the air, so also must “clean data” be
deliberately employed.
The effect of superior logistics was
clear during the First World War just
as it is today. One German soldier
described how he felt the RAF could
“hunt a single man from the air” (Dye,
2015, p. 138) because of how many
sorties British logisticians generated.
Peter Dye’s book does this story justice
and it’s one every logistician should
read; he concludes in this way: “The
RFC led by a new breed of soldiertechnocrat, who combined military
values, managerial competence, and
business skills, was the epitome of an
‘entrepreneurial military organization,’
characterized by intellectual honesty,
imagination, and the courage to
exploit historical failure” (Dye, 2015,
p. 163). Are we developing those
same competencies and values in our
logistics leaders today? Books like The
Bridge to Airpower can help. Go there
and bring these lessons back.
What other historical references
are relevant to the challenges
contemporary logisticians face today?
Please contribute to this conversation
by reading, reflecting, and writing for
journals like the Exceptional Release
and using #BringingThemBack on
social media .
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Top: The Royal Flying Corps on the Western Front, 1914-1918. Air mechanics
removing the engine from a damaged fuselage. Aircraft repair depot near
Rang du Fliers, 12 July 1918.
Bottom: The Royal Flying Corps on the Western Front, 1914-1918. Wrecked
Royal Aircraft Factory R.E.8 biplane being towed by a lorry and tender along
the Bucquoy-Essarts road, March 1917.
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PHOTO HIGHLIGHT

Ready, Set, Lift: Tech. Sgt. Jordyn Rayot,
Airman 1st Class Cole Whitmore and
Airman 1st Class Jason Wilson, weapons
loaders assigned to the 180th Fighter
Wing, remove munitions from an F-16
Fighting Falcon during a training exercise
in Swanton, Ohio, Aug. 2, 2022. The 180th
FW is the only F-16 fighter wing in the
state of Ohio, whose mission is homeland
protection, effective combat power, and
defense support to civil authorities, while
developing Airmen, supporting their
families and serving in the community.
(U.S. Air National Guard photo by Tech.
Sgt. John Wilkes)
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on our society highlighted supply chain
vulnerabilities in our supply chain. Studying
how to model these vulnerabilities may aid in
increasing readiness in our systems.
The FSII is a jet fuel additive that prevents
icing in the fuel supply lines of [US military]
aircraft while in operation at various flight
levels (Dewitt et al, 2009). As the name
suggests, FSII is designed to inhibit the
formation of ice that could potentially block
fuel lines at altitudes where the outside air
temperature can reach below freezing. The
additive was first introduced in operations
following an incident in 1958 involving a B-52
where icing in the engine fuel filter led to
restricted fuel flow and subsequent engine
rollbacks and flame outs (Scotty, 2011;
Griffioen, 2012, p. 170).

Supply Chain Resilience Modeling
By: Captain Roed Mejia

Recent events continue to disrupt our supply chains
in almost every commodity. It can be particularly
alarming if these interruptions pose threats to our
continued operations. Last year, winter storms led
to shortages in the Fuel System Icing Inhibitor (FSII)
supply. The problems were exacerbated by other
complications brought by the COVID-19 pandemic.
As a result, supply reductions impacted commercial
airlines through increased fuel costs. The shortfalls
also reached military operations, though the direct
impact is yet to be quantitatively determined.

This paper will explore supply chain resiliency with
specific look on FSII resources. After reviewing
multiple resources, the goal here is to propose how
the Air Force can minimize effects from supply
disruptions and improve resiliency.
Supply chain resiliency is not a new concept;
however, it is not until recent years that extensive
studies contribute to how businesses should build
this idea into their strategic plans. The cascading
events brought by the COVID-19 pandemic

Image Above: Airmen 1st Class Lainey Harmon, left, and Elaine Arceneaux, 60th Logistics Readiness Squadron materiel management
aircraft parts store technicians, check parts in storage racks April 13, 2021, at Travis Air Force Base, California. The 60th LRS Materiel
Management Flight is responsible for managing inventory. They administer and operate complex supply systems to ensure financial
accountability for all of the utilized supplies. These Airmen ensure every asset—from small screws to multimillion-dollar machinery—is
accounted for and where it needs to be whenever our Airmen need them. (U.S. Air Force photo by Nicholas Pilch)
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A more recent aircraft accident involving
icing in fuel systems was in 2008. According
to the aircraft accident report from United
Kingdom’s Air Accidents Investigation
Branch (AAIB) (2014) regarding the event that
involved the British Airways Boeing 777236ER, G-YMMM, at London Heathrow Airport
in 2008, there were four probable causal
factors that led to the fuel flow restrictions
in the G-YMMM’s engines. The primary factor
cited by the board was that “the ice that was
released that accreted from within the fuel
system, on both engines, caused a restriction
to the engine fuel flow at the face of the Fuel
Oil Heat Exchanger” (AAIB, 2014). Following
the accident, Mark Lacagnina (2010), senior
editor for Aero Safety World, covered the
story and noted that the “heat exchangers
in larger aircraft are sufficiently effective
that icing inhibitors commonly are not
added to the fuel.” Furthermore, the AAIB
report also added that no icing inhibitors
had been used when the accident aircraft
[G-YMMM] was refueled, although icing
inhibitors are approved for use in Boeing 777s
(Lacagnina, 2010; Air Accidents Investigation
Branch, 2014). The AAIB also called on the
US Federal Aviation Administration (FAA)

to jointly conduct further research on ice
formation and release in aircraft fuel systems
(Lacagnina, 2010). The report added that
the agency pushed for further research on
the feasibility of expanding the use of ice
inhibitors in jet fuel (Lacagnina, 2010).

FSII is a fuel additive
mandated for many
military aircraft but is
not widely used in civil
aircraft with fuel heaters.

Both incidents highlighted the importance
of adding FSII to jet fuels. Depending on the
type of aircraft and approved fuel type used
per aircraft specifications, FSII is a fuel
additive mandated for many military aircraft
but is not widely used in civil aircraft with fuel
heaters (per specifications subject to each
aircraft). Therefore, a shortage of FSII may
pose limitations and additional risk to military
operations.
Supply chain resilience is an ever-growing
field of research due to recent events
around the world that ultimately disrupted
many supply chains across different
commodities. Snyder et al. (2012) proposed
that the popularity of studying supply chain
disruptions has increased in recent years
due to high profile events (9/11 attacks,
global events); the just-in-time philosophy’s
vulnerability to disruptions (due to its
relatively small window to address errors with
sudden changes in the system); supply chain
globalization; and lastly, increased attention
to the topic by the industry.
According to Gunderson (2000), one of the
earlier definitions of the term “resilience”
introduced by C.S. Holling is the “…time
required for a system to return to an
equilibrium or steady-state following
perturbation.” Furthermore, Dickens et al.
(2020) defined resiliency as the “‘bouncing
back’ to a previous state … or ‘bouncing
forward’ through an evolution during and post
disruption.” Disruption as it relates to supply
chain, then, would be the “unplanned events
that might affect the normal, expected flow
of materials, information, and components,
and are recognized as an inevitability within a
supply chain organization” (Svensson, 2002;
Skipper & Hanna, 2008).
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The primary limitation of this paper is data
availability. Though it was identified that
there was a FSII shortage, the impacts of
inventory level were not readily available.
The calculations here are assumed based on
literature review and news media articles. It
was not immediately clear whether FSII was
already premixed with any fuel pumped into
Air Force assets or if it comes separately and
used as needed. The answer relied on the
mission profile or location of the aircraft to
be refueled. Depending on how it is ordered
from the source, it may come as the baseline
commercial Jet A1 or Jet A1 with additives
(such as the FSII) to be injected later prior
to use. The governmental publications that
oversee these programs were also difficult
to access during the span of this project. But

to highlight the magnitude of FSII use in the
Air Force, during an exercise in Europe, Lanny
Collums, quality manager for the service’s
main supplier, Defense Logistics-Energy,
stated that “a million gallons of Jet A requires
nearly 1,000 gallons of FSII to create JP8”
(Smith, 2018). JP8 is the standard fuel used
to generate most Air Force aircraft as it may
come with mandatory additives including FSII.
There are several models that offer ways to
quantify an organization’s resiliency post
disruption. In the model from Madni, Erwin, &
Seivers (2020), supply chain resilience can be
achieved with robustness, adaptive capacity,
and continual or sustained adaptability while
Yodo & Wang (2016) demonstrate the resilience
curve as a system of performance curves.

There are several
models that offer
ways to quantify
an organization’s
resiliency post
disruption

Madni et al. (2020) used Figure 1 to display how this humble
illustration should spark more interest in studying resilience. Yodo &
Wang (2016) used a similar figure to demonstrate their performance
curves in Figure 2. It shows performance loss in the shaded area
where a triangle formulation can be utilized in quantifying resilience,
assuming that all sides are linear. Barroso et al. (2015) described this
phenomenon as the resilience triangle where, “it shows different
phases of the system’s performance response: after a risk [or a
disruptive event,] the performance decreases, but as actions are
taken, the system’s performance will gradually be restored.” They
also add that by minimizing this triangular area, the more resilient a
company or supply chain becomes (Barroso et al, 2015). Yodo & Wang
(2016) provided a model for this predicted resilience (Ψ) as:

If a disruption signal is
communicated ahead of time,
Yodo and Wang’s model can
serve as a predictor for future
inventory levels assuming that
levels will be linear.

Figure 2. Adapted from Yodo & Wang (2016), the figure
illustrates their variant of a general resilience curve.

Figure 1. Adapted from Madni et al (2020), the figure shows the
general form of resilience curve where they defined resilience
as a rebound to the disruptive event as shown.
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Using the model, a refueling organization
can quantify their resilience capacity
and prepare for an impending shortage.
In other words, the predicted resilience
model can be redefined in terms of
beginning inventory and inventory
post disruption. If a disruption signal is
communicated ahead of time, Yodo and
Wang’s model can serve as a predictor
for future inventory levels assuming that
levels will be linear. The recovery can also
be predicted whether the performance
will return to normal levels, improve, or
degrade in that time period until normal
operations resume.
To prepare organizations to manage
these disruptions, the organizations
need to evaluate the resiliency of their
supply chains. However, steps to quantify
supply chain resilience can be especially
challenging when the organization has
not had historical data that correlates
to the impact of disruptions to its
operations. According to the Air Force
Operational Energy Office, only about
30% of Air Force fuel use was captured
in a sortie-level database at the end
of 2017 (Poland, 2018). Additionally, in
its 2020 annual report, the office also
identified that an ongoing challenge for
the Air Force (as an enterprise) is “the
lack of awareness in operational energy
issues, and an Air Force culture that
does not necessarily prioritize efficient
operations” (DAF, 2020).

For the example of FSII where there was
limited to no data available to study,
rigorous data collection protocols are
recommended to provide Airmen a
more refined data feed to see everyday
differences. Though personnel can
identify risks, disruptions, and effects,
data-driven analysis will paint a more
accurate picture, on paper, for everyone
to evaluate.
The model in this paper is only a
representation of the disruption
process. It can be used to predict
potential performance endpoints
following a disruptive event to guide
practitioners and decision makers on
the next steps. Yodo & Wang’s model is
a good start to study how a disruption
may affect the supply FSII (or other
commodity) in case a disruptive event
occurs. This, coupled with other
forecasting models, may be just the
beginning of what the Air Force needs
to revolutionize its long-term strategic
approach or future energy management
framework.

To prepare organizations to
manage these disruptions,
the organizations need to
evaluate the resiliency of
their supply chains.
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Members of the 11th Security Support Squadron unbox personal
protective equipment received through a pilot initiative called
the Air Force Rapid Agile Manufacturing Platform at Joint Base
Andrews, Md., May 15, 2020. The framework is designed to keep
the Air Force supply system independent of the civilian medical
market. (U.S. Air Force courtesy photo)
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