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ABSTRACT

The Chief of Naval Operations and Commandant of the Marine Corps have stated
the need to streamline innovation practices for faster adoption of emerging technologies
to support force design initiatives. However, the Department of Defense (DOD)
innovation ecosystem is difficult to navigate. This research develops an atlas to guide
interaction and engagement for DOD personnel to navigate the innovation ecosystem
while assessing commercially-developed, large-capacity transportation platforms. Using
hybrid airships as the use case, the authors employed two research methods while
developing the atlas: 1) technology progress and cost modeling and 2) market analysis
through research and interviews with industry leaders. The results confirm that early
DOD engagement with commercial partners can positively influence long-term
procurement options. The authors believe that the atlas can guide timely and productive
engagement with the commercial sector for the sustainable development of large-capacity
platforms, but must have a framework that protects commercial intellectual property. We
recommend that the DOD utilize the atlas to explore how commercial markets will affect
future hybrid airship development, while creating a more complete picture of the function

and utility of these versatile platforms.
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I. INTRODUCTION

The Department of Defense (DOD) innovation ecosystem is large and complex, in
part because of the commercial sector’s aggressive development of emerging technologies
for more than 20 years. Rooted in the post-World War II (WWII) race for global
technological dominance, the U.S. innovation ecosystem has experienced significant
evolution, especially in the past 20 years. There are no signs to suggest this momentum
will slow any time soon. To explore, capture, and adopt commercially developed emerging
technologies, the DOD and its five service branches have encouraged a rapid build-up of
organizations to interact with the commercial sector. Particularly regarding large-capacity
transportation systems, the commercial sector has been prototyping new platforms with
increasing frequency. This explosion of growth and development has partly been to drive
down costs, but also to capitalize on other complementary technologies, while recognizing

the need to be more sustainable.

Developing a new large-capacity mobility platform is never cheap or simple.
Traditionally, the DOD has spent enormous sums of money in the research, development,
and acquisitions of systems like the C-5 Galaxy, the largest U.S. aircraft currently in used
for military purposes. The DOD now has the capability to engage with a larger commercial
audience beyond the defense industrial base through its growing innovation ecosystem. We
can collaborate with the commercial sector to inform the development and delivery of

mature and proven platforms for the U.S. military.

A. PURPOSE

The purpose of this research is to begin outlining what a flexible pathway for
interaction and engagement between the DOD and the commercial sector can look like in

the development of a large-capacity mobility platform.

The first objective of our research is to understand what milestones would be
important in this interaction. The resulting atlas is not intended to be rigid and structured
but instead a living document that should be edited, adjusted, and improved as a technology
proceeds forward. Our second objective is to demonstrate how commonplace tools and
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research capabilities can be used to achieve early milestones in the atlas, by prototyping

the atlas with hybrid air vehicles.

B. SCOPE AND RESEARCH METHODS

Our research approach followed three steps. First, we became familiar with
innovation ecosystems and how they tend to function. Next, we identified an emerging
large-capacity mobility platform that we felt could be reasonably analyzed in the time
frame available. The final step was to explore potential qualitative and quantitative analysis
tools for use in the creation of the atlas to demonstrate the value of early engagement with

the commercial sector. We chose hybrid airships as the strongest use case for this atlas.

C. WHY HYBRID AIRSHIPS?

Currently the United States military employs a wide range of large-capacity
mobility platforms. These platforms work in one of three domains: air, land, and sea. In
the air, the DOD relies on the C-5, C-17 and C-130 airframes to move the majority of its
tactical cargo but does rely on contracted airlift for a handful of services. On land, cargo
moved by contracted rail is the only large-capacity capability. Finally at sea, contracted
cargo ships carry the bulk of the military’s prepositioned forces and its bulk freight. While
effective, these platforms have only been capable of operating on either the land, sea, or
air. Additionally, many of these platforms are reaching the end of their life cycle and there
are forthcoming decision points about whether to maintain or replace them (Trunkey,

2018).

Hybrid airships come from the family of lighter-than-air (LTA) vehicles. Although
they travel through the air, they are best described “as a fast ship, rather than a slow
airplane” (R. Boyd, Lockheed Martin Hybrid Airship Program Manager, personal
communication, November 18, 2020). In their baseline configuration, hybrid airships have
the ability to conduct on-load and off-load operations not only on land, but also on water
and in remote and austere locations with little to no infrastructure. This represents a
potentially dramatic change in the way the U.S. military plans and executes its mobility
operations in the future. Hybrid airships can also be a pioneering platform by incorporating

alternative energy propulsion in the baseline configuration. As we explored the evolving
2
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global security climate, and the climate concerns currently faced by the DOD, we decided
that this platform may have significant impacts in both the commercial and military sectors

of the future.

The DOD has a significant history with hybrid airships, spending approximately $1
billion dollars between 2007 and 2012 on multiple programs (Chaplain, 2012). Although
the DOD funding was closed off and the programs were shut down, several companies
continued their exploration with hybrid airships. Over the past ten years, the development
of these platforms has continued, funded entirely by the private sector, with the possibility
of entering multiple markets in the next five years. The DOD now has a renewed
opportunity to explore these craft and their capabilities without having to provide the bulk

of the funding.
D. RESEARCH QUESTIONS

Our primary research questions were:

1. What are the key markets that hybrid airships intend to enter and how do

those markets view the viability of hybrid airships?

2. In what way can cooperative modeling, simulation, and analysis (MS&A)
efforts with commercial organizations accelerate the development of

hybrid airships?

3. Are there potential collaboration milestones between the DOD and
commercial manufacturers that can improve or accelerate the maturation

of the technology?

4. To what degree must the DOD understand the development and
sustainment of the supply chain and production practices of commercial

manufacturers?

E. ASSUMPTIONS AND LIMITATIONS

The atlas is still in development. The major limitations were time, experience, and

manpower. The atlas requires an interdisciplinary analysis.
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During this research, we interacted with multiple commercial entities who trusted
us with proprietary information and intellectual property (IP) to further our research. To
protect that trust and information, we did not use this protected information specifically to
create some of our models nor did we publish any of it as part of this research, unless first

approved by the commercial partners and annotated appropriately.

F. BENEFITS

This research project ideally enables DOD personnel to guide their interaction with
the commercial sector, through the innovation ecosystem and existing tools. The DOD may
find cost-savings while improving capability and function as a platform nears adoption and
acquisition. In return, the commercial sector can gain early and valuable feedback on what
elements of a platform may become requirements for acquisition. This research also
incentivizes engagement with more than just commercial manufacturers of hybrid airships.
There are a host of complementary technologies identified from which future research
projects can be derived. Finally, this atlas aspires to encourage innovators not currently in
a perceived position of influence to explore the art of the possible while maneuvering

within the bureaucracy that is the U.S. military.
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II. BACKGROUND

A. A COMPLEX THREAT

The United States is facing an increasingly complex security environment around
the globe. Although, the global population is more connected than ever before, it also
finding itself more fractured than previously experienced. The Interim National Security
Strategy (NSS) defines this environment in part by rapid technological changes, pacing
threats from adversaries in multiple domains, and a level of inter-state competition that is
threatening global democratic foundations like never before (White House, 2021a). The
strategy further describes how many of the greatest threats bearing down on the United
States are not constrained by traditional borders or walls. This makes them hard to
categorize and harder still to prepare for. The first step in understanding this new
environment is to acknowledge how the distribution of power across the world is changing.
But this is not a threat that the United States faces alone. The NSS reinforces the need to
improve, strengthen, or rejuvenate alliances, agreements, and cooperative efforts to counter
malicious actions of authoritarian nations like China, Russia, and North Korea. Of course,
the NSS requires that long-term strategic thinking is applied in many areas, including
diplomacy, economics, finance, information, and more. The military’s role in the NSS is
only one piece of what must be a seamless integration of many focus areas, continuously

balanced for optimal response.

The summary of the National Defense Strategy 2018 (NDS), published under
former Secretary of Defense James Mattis, is currently guiding much of the strategic
direction to which the U.S. military is aligning itself. The landscape in which the U.S.
military currently finds itself operating is one of global competition, commonly referred to
as Great Power Competition (GPC), with the Chinese and Russian governments fielding
the immediate threats. The NDS outlines three distinct lines of effort to expand capability
in this competitive space; improve the lethality of the joint force by rebuilding military
readiness; strengthen alliances to attract new members.; remake the DOD’s acquisitions
and business practices to maintain technological superiority (Mattis, 2018). Secretary

Mattis reminds all service members in this summary that “we must use creative approaches,
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make sustained investment, and be disciplined in execution to field a Joint Force fit for our
time. One that can compete, deter, and win in this increasingly complex security

environment” (p. 18).

Over the last twenty years, as we have been fighting wars in the Middle East, our
competitive advantage over peer adversaries has eroded and the development of other
military technologies suitable to compete against a peer adversary suffered (Goure, 2015).
Mattis (2018) believed that inter-state strategic competition, not the global war on
terrorism, had to become central theme of the NDS. Many experts agree that the U.S. is
falling behind both technologically and operationally as the world has become
progressively more complex. Our competitors are now operating in virtually every domain:

land, air, maritime, space, and cyberspace (Clark et al., 2020).

The immediacy of a joint force that is capable of operating in all five domains (sea,
land, air, space, and cyber) is echoed in the 2020 strategic document Advantage at Sea:
Prevailing with Integrated All-Domain Naval Power. Written and published by the U.S.
Navy (USN), Marine Corps (USMC), and Coast Guard (USCGQ), it is commonly referred
to as the Tri-Service Maritime Strategy and its problem statement is:

China and Russia’s revisionist approaches in the maritime environment

threaten U.S. interests, undermine alliances and partnerships, and degrade

the free and open international order. Moreover, China’s and Russia’s

aggressive naval growth and modernization are eroding U.S. military
advantages. (2020)

The strategy states that the U.S. military does not have maritime dominance across the
world, and certainly not in the areas where China and Russia operate. Through five lines
of effort, the maritime components of the DOD hope to counter the pacing threats and
avoid an armed conflict. The Joint Force, and particularly those of the maritime component,
have a great deal of work they must accomplish to regain and maintain dominance across
the globe. In particular, the Pacific regions and Arctic regions pose the most immediate

challenges (Department of Defense, 2020).
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B. CHALLENGES IN INDO-PACOM

During the Global War on Terror, an irregular warfare conflict concentrated in the
Middle East, U.S. forces became habituated with a predictable mission and deployment
cycle in a common region. While the U.S. gained valuable experience fighting an
unconventional enemy, other near-peer competitors took advantage of the US’s hyper-
focus. The Chinese Communist Party (CCP) exploited the regular lack of U.S. naval
presence within the U.S. Indo-Pacific Command (USINDOPACOM) to maneuver China
into a dominating position. China has emerged as a regional juggernaut that has
precipitously expanded its diplomatic, economic, and military power through gray zone
activism below the threshold of armed conflict (Freier & Schaus, 2020). The U.S. now
requires a more resilient, hypercompetitive USINDOPACOM Joint Force. Currently, the
United States is out of position, both geographically and conceptually, to support and
sustain forces over this vast region, limiting the ability of Combatant Commanders
(COCOM) to deter the CCP. These disadvantages support the push from the DOD to
develop and experiment with concepts such as technological innovation and cultural

performance, which will generate a decisive military advantage (Mattis, 2018).

To put its sheer size into perspective, the USINDOPACOM area of responsibility
(AOR) covers half of the earth’s surface and more than 50% of the world’s population.
This AOR extends from the west coast of the U.S. to the western border of India and from
Antarctica to the North Pole. There are 36 nations within the AOR, including several of
the world’s largest militaries and two of the three largest economies (US Indo-Pacific

Command, n.d.).

Currently, U.S. forces are primarily postured in Northeast Asia, with a heavy
concentration of assets on large bases in Japan, Korea, Guam, and Hawaii. The CCP’s
advancement of precision weaponry has placed U.S. forces in these areas in immediate
danger. In the event of armed conflict, the Navy and Marine Corps must navigate over long
distances to augment and sustain these forces. The current capabilities cannot sufficiently
conduct all-domain operations to halt China’s campaign to control this region (Freier &

Schaus, 2020).
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C. CHALLENGES IN THE ARCTIC CIRCLE

In 2018, President Xi Jingping of the CCP outlined an Arctic extension of the Belt
and Road Initiative (BRI) (Lim, 2018). President Xi set forth the resolve of his party to
build a “polar silk road” that would increase access, while decreasing transit time, to more
than 75% of the world’s countries. However, China does not have any land or borders that
fall within the Arctic Circle, and instead must rely on relationships and a dominant presence
to establish and maintain this polar silk road. As a nation with little to no Arctic equipment
or experience, the CCP has a long road ahead to become a dominant player in the Arctic.
But both the CCP and the Russian government of Vladimir Putin have other reasons for
wanting to establish dominance in the Arctic. Beneath the ever-changing, fragile Arctic

eco-system is an almost unimaginable treasure chest.

According to the U.S. Navy’s arctic guidance “the region holds an estimated 30%
of the world’s undiscovered natural gas reserves, 13% of global conventional oil reserves,
and one trillion dollars’ worth of rare earth minerals” (Department of the Navy, 2021, p.
6). If the polar ice caps continue to melt as they do, these vast caches of valuables will
become easier and cheaper to remove from the under the ice pack. While the U.S. military
does maintain some units in Arctic regions full-time, it is simply not equipped conducted
sustained combat operations within the Arctic circle. The guidance advises that Arctic
environments pose singularly unique challenges for vehicles, personnel, and energy. In
some cases, our existing equipment can be adapted to function in the Arctic, but in other
instances, this is simply not cost effective and time efficient. To meet the changing climate
conditions, posture forces for sustained operations, and maintain uninhibited freedom of
movement in the Arctic region, the U.S. military will need to consider what new
capabilities it can leverage in short order, while maintaining awareness of its sustainability

and climate impact (Department of the Navy, 2021).

D. CLIMATE SECURITY

Climate security has recently become a priority for the military. The Department of
Defense Climate Adaptation Plan has identified climate change as an existential threat to

U.S. national security that will influence our force operationally and financially. Climate
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change is reshaping the strategic, operational, and tactical battlespace, adding a layer of
uncertainty that can contribute to global political, economic, and social instability that the
DOD may be called upon to address (Office of the Under Secretary of Defense for Policy,
2021).

In Figure 1, the DOD identifies climate change hazards and mission impact with
increased requirements for transportation capabilities in harsh and constrained

environments.
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Figure 1. Climate Change Hazards and Potential Impacts of DOD Missions.
Source: Office of the Under Secretary of Defense (Acquisition and
Sustainment) [OUSD(A&S)] (2021).

In preparation for an increased requirement to support these unique missions, the
DOD has the challenging task of identifying platforms capable of meeting current and

future operational needs while ensuring they reduce adverse effects on the environment
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compared to existing assets. The DOD has generated the climate adoption framework,

depicted in Figure 2, to address these requirements.
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Figure 2. DOD Climate Adaptation Strategy Framework for Current and
Future Force Decision. Source: OUSD(A&S) (2021).

A key enabler to operating under these changing climate conditions is the DOD’s
commitment to allocate resources to accelerate the growth and development of new, eco-
friendly capabilities (OUSD(A&S), 2021). Emphasis is placed on partnering with industry
to stimulate the progress of dual-use technologies. With aging mobility platforms and
turbulent fuel prices, the DOD is at a pivotal moment where partnerships with industry to
capitalize on emerging technologies are critical to maintaining a technological advantage
over adversaries. We must place more emphasis on capturing the full costs of greenhouse
gas emissions when evaluating current and new platforms (Exec. Order No. 13990, 2021).
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This presents a significant challenge, as the DOD consumes more energy than any other
federal agency, accounting for 77% of the federal government energy consumption
(Greenley, 2019). As we identify unique mission requirements for the DOD, we can expect
the energy requirements to increase if we do not invest now in technologies to reduce our

carbon footprint.

E. MARINE CORPS OF THE FUTURE

After more than 20 years of combat operations in the Middle East, the United States
Marine Corps must now shift its focus to GPC with a revived emphasis on the Indo-Pacific
region. However, the current force structure and mobility platforms cannot support future
operating concepts (Berger, 2019). Specifically regarding mobility, there is a shortfall in
“affordable, distributable platforms that will enable littoral maneuver and provide logistical
support in a very challenging theater for the kind of operations envisioned in our current
concepts” (Berger, 2019, p. 2). In September 2019, the Deputy Commandant for Combat
Development and Integration (DC CD&I) established twelve Integrated Planning Teams
(IPT) to assess current and future force design recommendations. Per General Berger’s
guidance, one of the twelve areas to be evaluated was logistics capabilities supporting the
Fleet Marine Force (FMF). With a renewed focus on the USINDOPACOM, the Marine
Corps faces the daunting challenge of logistically supporting sustained distributed

operations.

In response to these geographical challenges, the Marine Corps created the
Expeditionary Advanced Basing Operations (EABO) and Logistics in the Contested
Environment (LOCE) concepts (Marine Corps Warfighting Lab, 2018). Based on the well-
proven Marine Air-Ground Task Force (MAGTF) structure that is used to organize all
Marine forces, EABO and LOCE allow the Marine Corps to maintain a forward presence

in contested environments.

To regain a competitive advantage over our adversaries, the Marine Corps’ Deputy
Commandant, Installations and Logistics (DC I&L) began adopting a new model of hybrid
logistics (Deputy Commandant, Installations and Logistics, 2016). The advancement of

our adversaries’ defensive capabilities has reduced our superiority in the sea and air
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freedom of navigation, which means we can no longer rely on sustained dominance in each
domain. The FMF now requires high levels of mobility, survivability, and lethality. Forces
must now function disaggregated over multiple regions with the ability to rapidly
reposition, requiring modular logistical capabilities that can still move heavy equipment

loads to support a distributed force design (Haines & Jones, 2017).

In future military operations, adequate logistics support will require mobility,
resiliency, and sustainability in austere environments to extend our operational reach with
a blend of “old and new” logistics (Deputy Commandant, Installations and Logistics,
2016). The ability to sustain forces ashore is a determining factor in the operational reach
and influence of a combatant commander (Morgan III, 2013). Our current platforms are
more advanced and more capable than ever before. However, these tactical platforms, like
the F-35C, require a resilient network of supply chain throughout the region to keep them
in fighting shape. Hybrid logistics must meet these enduring requirements and strive to

improve distribution to enhance the endurance of the MAGTF (Haines & Jones, 2017).

F. NAVY OF THE FUTURE

The U.S. Navy is transitioning its forces to face what it believes will be the
adversaries of the future. In January of 2021, the Chief of Naval Operations (CNO),
Admiral (ADM) Michael Gilday established the strategic direction that he sees for the
USN. He opens his guidance by reminding sailors that America is a maritime nation and
both her prosperity and security depend on control of the seas (Gilday, 2021). He further
identifies China as the most significant long-term threat and establishes how the men and
women of the U.S. Navy must be ready to meet that pacing threat. To achieve a naval force
with the capacity to synchronize lethal and non-lethal fires across all domains, innovative

approaches are required to harness emerging technologies and processes.

In creating the Navy of the future, emphasis is placed on the integration of
unmanned platforms into the current air, surface, and subsurface fleets. ADM Gilday sees

a crucial point of fusion in this area:

A larger, hybrid fleet of manned and unmanned platforms—under, on, and
above the sea—that meets the strategic and operational demands of our
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force. We will deliver the Columbia-class program on time; incorporate
unmanned systems into the fleet; expand our undersea advantage and field
the platforms necessary for distributed maritime operations. (2021)

To support the Distributed Maritime Operations (DMO) and LOCE concepts, the
future Naval force will need to increase the number of ships in the fleet, while decreasing
their size. A larger pool of more affordable, all-domain integrated manned and unmanned

systems will enable distributed operations to occur in a faster cycle.

Like Gen. Berger, ADM Gilday references the Tri-Service Maritime Strategy as the
principal document directing much of the Navy’s preparation for the future fight. One of
the primary drivers will be the integrated all-domain naval power contribution of the Navy.
Like the Marine Corps, the future Navy will need a more robust and resilient way to support
its fleet, especially if it becomes smaller and more numerous. The Navy is currently
developing a plan to upgrade the infrastructure that services its fleet, which requires
significant fiscal investment (Gilday, 2021). While this investment at home may improve
the maintenance and sustainment of the overall fleet, it does not solve the problem of
replenishment at sea. No matter the technology that is adopted, the ability to replenish and

rearm vessels at seas remains a continuing challenge.

G. SUMMARY

The maritime Joint Force of the future must be agile, resilient, and integrated in
order to conduct the distributed operations envisioned in the NSS, NDS, and the Tri-
Service Strategy. Although the U.S. military has shifted the majority of its focus to
USINDOPACOM, new operational requirements and threats shifting towards the Arctic
region will press our forces with new challenges. To provide the type of All-Domain,
Integrated Joint Force called for by Navy and Marine Corps leadership, new and unfamiliar
pathways will have to be forged. Resilient, sustainable platforms will become crucial to a
world that somehow seems bigger than ever before. But unlike decades past, the DOD now
has the added responsibility of being very aware of its impact on climate security. The
DOD now has the social responsibility to be hyper aware of how it’s weapon systems and
platforms impact the physical ecosystems in which they operate and be able to articulate

the long-term effects of its choices.
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III. LITERATURE REVIEW

A. THE EARLY BATTLE FOR THE SKIES

Although they were not the first lighter-than-air (LTA) contraptions to take flight,
airships made a surprisingly early appearance in the pursuit of powered flight. But since
the first flight of Count Ferdinand von Zeppelin’s Luftschiff Zeppelin (LZ-1), seen in
Figure 3, almost 120 years ago, the airship industry has risen, struggled, faltered and all
but vanished (Rose, 2020). Regardless, airships have fascinated and amazed humanity for

more than a century.

Figure 3.  Luftschiff Zeppelin LZ-1, Friedrichschafen, Germany, 1900.
Source: www.airships.net (2021).

For many casual observers, it is easy to see why the airship is not the titan of
transport that it was expected to be. Although airships, and primarily those of Count
Zeppelin’s design, logged many firsts far before airplanes did, they are still not considered
competitive platforms for the speed and necessity of today’s global economy (Rose, 2020).
For decades, the perspective and public optics of airships have been a significant

contributor to its lack of adoption. Most people will identify an airship as either the
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Goodyear Blimp, or the Graf Hindenburg. One is an understandable, if uninformed,
explanation and the other a disaster that has held sway over the commercial airship industry
since 1937. The hydrogen-fueled inferno that claimed the lives of 36 passengers and crew,
subsequently broadcast on televisions across the U.S., was one of the most common
references to the danger of airships. For years, the destruction of the Graf Hindenburg was
synonymous with the death of airships in the eyes of the general public (Rose, 2020). But
the path to their demise has been oversimplified, which has frustrated their return to the
world stage for almost 80 years. Rose (2020) describes how Juan Trippe, the founder of
Pan-American Airlines, skillfully manipulated the air mail market to build an airline that
rapidly forced out Zeppelin’s designs in the 1920s and 30’s. As he slowly turned lucrative
government air mail contract routes into cargo and then passenger routes, he bought or
forced out his competition along the way. In the end, Juan Trippe’s business practices, not
the loss of the Graf Hindenburg, had far more influence in driving the giants of the sky

away from public view.

With hydrogen currently outlawed as a lifting gas in most countries, non-flammable
helium is now the buoyant gas of choice. The science behind LTA flight dynamics, known
as hydrostatics, is universally accepted. According to the 2011 Future Deployment and
Distribution Assessment (FDDA) released by U.S. Transportation Command’s
(USTRANSCOM) Joint Distribution Process Analysis Center, “an airship generates lift
from gases contained in an envelope. It can be steered or controlled by rudder or thrust
from engines” (p. 2-1). In the design of powered LTA craft, as seen in Figure 4, hybrid
airships fall into the non-body of revolution (BOR) category, meaning that their designs
are unconventional. In this case, conventional design, or BOR, refers to the common

cylindrical shape with which airships have historically been designed.

In their research publication, Pant and Manikandan M. (2021) present a very
thorough history of hybrid airships. Their research primarily focuses on the design
methodologies of hybrid airships, of which there are multiple variations. However, the
researchers outline several key advantages that hybrid airships have over conventional
LTA craft. Among these, the authors identify heavy-lift capability, better controllability,
and a lesser dependence on ground infrastructure as key attributes. Within the design
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methodologies, the research paper describes the multi-lobed design, which can be seen in
Figures 5 and 6. Multi-lobed hybrid airships inherently support several design aspects that
are crucial for the U.S. military to consider. Multi-lobed airships have an air cushion
landing system (ACLS), instead of landing gear or skids, which enable the airship to land
on most surfaces, including unprepared ground, ice, and water. Multi-lobed designs are
also extremely large, which allows for the installation of “huge cargo bays with loading
ramps at each end” (M. & Pant, 2021, p. 8). Pant and his colleague complete their research
paper by noting that future design challenges for hybrid airships include an extensive
market analysis to understand market size and segments, as well as an analysis of the design
process that accounts for existing ground infrastructure that could support craft of the

airships size. Both areas informed our research.
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Figure 4.  Airship Categorization. Source: M. & Pant (2021).
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Figure 5.  Multi-lobed Hybrid Airship Design, Lockheed Martin P-791
Prototype. Source: M. & Pant (2021).

B. HYBRID AIRSHIPS AND THE DOD

When USTRANSCOM conducted its assessment, it was not interested in the entire
family of airships. Instead, the FDDA was evaluating hybrid airships specifically. The

assessment (2016) explains:

Conventional airships are lighter-than-air vehicles and fly because they are
buoyant—that is, they weigh less than the air they displace. In contrast,
airplanes are heavier-than-air and fly because of aerodynamic forces over
the wings. Hybrid airships combine the characteristics of lighter-than-air
and heavier-than-aircraft. Hybrid airships achieve lift from lighter-than-air
gas, such as helium, and from aerodynamic forces. Sometimes, a third
means of generating lift comes from vertical thrust—direct propulsive lift.
Unlike conventional airships, hybrid airships ascend and descend heavier-
than-air. (USTRANSCOM)

It is this key difference, that hybrid airships are heavier-than-air, that makes them

unique in the LTA family and a promising future mobility platform for the DOD.

The FDDA (2011) was conducted in two phases and aligned to future DOD
operational concepts that spanned from 2017-2030. Phase I of the assessment “identified

capability gaps and developed assessment conditions that focused on 3 theme areas: austere
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access and speed, mounted vertical maneuver (MVM), and seabasing” (p. iii). To
accomplish Phase I, USTRANSCOM looked at private (commercial) sector technologies
that could be used to address the capability gaps. Hybrid airships were among the five
platforms identified. Phase II “evaluated the technologies to assess their utility in satisfying
the future capability needs represented by the selected themes. (They) conducted both
qualitative and quantitative assessments” (p. iv). The assessment determined that “hybrid
airships were the most promising platform type. Their highly positive performance in the

quantitative assessment was bolstered by a fairly positive qualitative assessment” (p. iv).

Among the outputs of the FDDA (2011) was the intention of shaping an atlas for
“future deployment and distribution” (p. 1-3). To further support this, the assessment
recommended three follow-on actions, two of which influenced our research. The first was
“investment in the development and integration of critical Airship Technologies,
culminating with building and testing a cargo carrying demonstrator” (p. 4-6). The second
recommendation was “form a public-private partnership to share development costs and
risks” (p. 4-6). Although the goal of the FDDA was not to map how the DOD could better
engage with the commercial sector, it places heavy emphasis on the need to work with

manufacturers to bring hybrid airships to maturation.

A 2012 U.S. Government Accountability Office (GAO) report stated that between
2007 and 2012, close to $7 billion dollars was invested in airship research and development
across 15 different programs, with close to $1 billion dollars of that dedicated to hybrid
airship programs (Chaplain, 2012). The report also identified that the DOD did not have a
comprehensive picture of these research efforts, nor was there a coordinated attempt to
include hybrid airships in strategic documents or policy. The GAO (2012) report identified
that many stakeholders within the DOD had an interest in seeing hybrid airships and other
LTA platforms come into service. There was enough interest that in June of 2012, at the
direction of the National Defense Authorization Act (NDAA), that the Assistant Secretary
of Defense for Research and Engineering (ASD(R&E)) was designated as the oversight
and coordination office for all DOD airship-related efforts (Chaplain, 2012).

Lynch (2011) showed that hybrid airships would be more cost-effective, with less

total cargo movement time, than traditional airlift and sealift platforms in humanitarian aid
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and disaster relief missions. Several years later, Morgan’s (2013) research focused on the
feasibility of hybrid airships’ ability to support supplies being delivered to an inland area
from an amphibious force, also known as joint-logistics-over-the-shore (JLOTS). He
determined that hybrid airships can increase throughput compared to water vessels and
land-based systems. Most recently, Gilbert (2020) used the Rapid Course of Action
Analysis Tool (RCAT) and simulations to study the optimal number of hybrid airships that
can be used to augment current strategic lift assets. Using the deployment scenario of a
Stryker Brigade Combat Team (BCT) from Washington State to the Philippines, Gilbert
determined the optimal combination of planes, ships, and hybrid airships. Each of these
studies relied on assumed payload capacities, usually in excess of 100 tons, that the DOD
had identified as being useful. Very little input from the commercial sector was used for
these research papers. In addition, these studies did not address hybrid airships as a dual-
use technology and the implications of commercial development instead of military

development.

One of the most commercially impactful hybrid airships programs funded by the
DOD was the Long Endurance Multi-Intelligence Vehicle (LEMYV). Funded primarily by
the U.S. Army’s Space and Missile Defense Command, the LEMV was supposed to be an
unmanned, long-endurance, intelligence, surveillance, and reconnaissance (ISR) platform
for use in Afghanistan (SAIC, 2016). The LEMV project attracted the attention of major
defense contractors Lockheed Martin and Northrup Grumman. Northrup Grumman
ultimately won the contract. In partnership with their subcontractor, Hybrid Air Vehicles
(HAV) of the United Kingdom and produced a full-size aircraft, seen in Figure 6.
According to the comprehensive SAIC report commissioned by USTRANSCOM, a $517
million dollar contract was awarded in June of 2012, but then cancelled in February of
2013. The project was declared to be 10 months behind schedule, with issues in fabric
production, customs delays with parts, work delays due to inclement weather, and
challenges with first-time integration and test processes (SAIC, 2016). Although there were
other projects, like the U.S. Air Force’s Blue Devil 2, that closely mirrored LEMV, few
had such measurable impacts on the future development of hybrid airships by the

commercial sector as did the LEMV project. Although the cancellation of the LEMV was
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a significant blow to the DOD’s adoption of hybrid airships, it did not signal the end of the
commercial industry’s pursuit. The commercial hybrid airship industry as it exists today is

explored more in Chapter IV.

Figure 6. Long Endurance Multi-Intelligence Vehicle (LEMV). Source:
Szondy (2013).

C. INNOVATION ECOSYSTEM CONSTRUCT

Understanding the history of a technology and the DOD’s interest and investment
in that program is crucial to define what the future of that technology or program may look
like. As of February 2022, the DOD innovation ecosystem looks vastly different than it did
in 2012, when the LEMV contract was out for solicitation. In both the SAIC (2016) and
GAO (2012) reports, there was a repeated emphasis on the need for DOD to engage with
the commercial sector more proactively for the development of a platform as large as a
hybrid airship. Today, there are more DOD organizations facilitating research and
development pathways with the commercial sector. However, to utilize these innovation
organizations to the maximum extent possible, servicemembers must understand how an

innovation ecosystem comes to be and what factors may influence its growth.
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1. Porter’s Five Forces

In 1979, the Harvard Business Review (HBR) published an article by Michael
Porter titled How Competitive Forces Shape Strategy which catalyzed a revolution in
business strategy theory. Porter’s article, his first ever in the HBR, was intended to give an
organization tools to understand and cope with competition, which Porter describes as the
essence of strategy formulation (Porter, 1990). What followed from this initial article was
a slew of expansive writings from Porter on the topic of strategy for not just business, but
nations as well. His landmark publication, The Competitive Advantage of Nations (1990),
brought out the models that Porter believed any organization, including governments, could
use to identify and manage their competition in a given market. Figure 7 shows the most

common model, which is often referred to as “Porter’s Five Forces.”
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Figure 7.  Porter’s Five Forces Model. Source: Porter (2008).
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At its core, the five forces model is a qualitative analysis tool. Porter (2008) posits
that an understanding of these elements allows an organization to determine which market
forces are the most prominent. Each industry is obviously different and cannot be simply
or consistently quantified. However, the five forces tool can allow the most significant
factors to percolate to the surface for consideration and action in the development of a
strategic market plan. In using the five forces model, DOD leaders can consider how a
technology or capability may evolve, grow, or change through influences that are prevalent
in both the commercial and government sectors. Although DOD personnel are not expected
to fully understand or act as economists, the five forces model nonetheless offers a window
into the commercial sector and how it may affect a future platform. If used in collaboration
with the commercial sector partners, it can certainly bring illumination to pathways within

the atlas, as shown in Sections V and VI

2. Barriers to Entry

In the same 2008 article, Porter also identifies what he considers the six major
barriers for entrants into a market. Barriers to entry constitute the most significant hurdles
that will likely dissuade or prevent new manufacturers from entering a market (Porter,
2008). However, Porter’s perspective is built from analysis of commercial markets and
firms and did not include a consideration of firms doing business with the DOD or the

DOD itself.

The GAO delivered a report to the U.S. Senate Armed Services Committee that
outlined the findings of interviews with 12 small but innovative companies that have
avoided pursuing business opportunities with the DOD (Sullivan, 2017). In these
interviews, the report compiled what barriers or risks these smaller companies identified.

A comparison of these barriers as identified by Porter and the GAO are found in Table 1.
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Table 1. A Comparison of the Barriers to Entry

Challenges that Deter Companies from

. , .
Michael Porter’s Barriers to Entry Developing Products for Military Use

Economies of scale Complexity of DOD’s process
Capital requirements Intellectual property rights concerns
Access to distribution channels Inexperienced DOD contracting workforce
Product Differentiation Unstable budget environment

Government-specific contract terms and

Cost disadvantages independent of size o
conditions

Government policy Long contracting timelines

3. Disruptive Innovation

Christensen and Bower (1995) introduced disruptive innovation, defined as “a
process whereby a smaller company with fewer resources successfully challenges
established incumbent businesses” (p. 1). New entrants will target market segments
considered too small or unprofitable by incumbent firms. Working in this smaller target
segment, the entrant can build an understanding of the consumers in the market and begin
making improvements to their product. A new entrant has achieved disruption when their
product offerings have risen to the quality of their incumbents but have maintained the
original market segments. At its core, disruptive innovation refers not necessarily to a
technology, but instead to a business model. DOD personnel can analyze and understand

the risk that may be faced by a market entrant to determine potential pathways within our

atlas.
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4. Evolution of Technological and Market Developments

When a new technology is invented, it is only the beginning of a long journey to
achieve adoption and widespread acceptance in the marketspace (Bayus et al., 2007). The
number of sales in an industry can indicate when a product has reached acceptance. While
creating an atlas for the DOD’s interaction with the commercial sector, we must be aware
of this general pattern leading to market adoption. If the DOD sees great potential in an
emerging technology, it must be willing to consider stimulating the market as part of a
more rapid adoption strategy, while simultaneously reducing risk for commercial
developers. DOD stimulation of the market potentially speeds up the technology progress
and subsequently reduce risk of the technology however, decisions to stimulate a market

must be made carefully and ethically.

For a technology to form a new market, there is a critical point in the relationship
between the price, the number of competitors, and the overall number of sales in an
industry. There is an initial incubation period between the development and
commercialization of a product (Bayus et al., 2007). Sales are low during this period and
there is relatively little competition. As more firms enter the market, the increasing
competition pushes prices down, which typically increases sales. While past research has
demonstrated that sale will take off based on new firm entries and price decline, Bayus et
al. (2007) found that sales will significantly increase in a new market when there is an
increasing innovation activity in addition to the entry of large firms. This may mean that
DOD innovation efforts can have longer term market impacts, known as downstream

effects.

Modeling the downstream effects that the DOD can have on the hybrid airship’s
commercial market growth is similar to the idea of a demand-side strategy to spur
innovation in critical areas for the DOD. Dew’s (2012) research on the strategic
acquisitions of unmanned systems for the Navy presents an argument for enabling demand-
side factors that may help defense transportation sustainability. If it pursues significant
procurement, the DOD can find itself in the role of venturesome user, meaning they
become a lead user of the technology (Dew, 2012). If the DOD becomes that lead user, it

can contribute to the market demand. The DOD is generally viewed as a source of stability
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through long-term commitments, and could do the same for hybrid airship production. The
by-product of the DOD being a lead user is the potential to attract a critical mass of other
users (Dew, 2012). If that comes to pass, the result could be improvements in the learning

curve rate and reduction in cost

a. Technology Impacts on New Markets

The driving forces behind a new technology reaching the market can broadly be
classified as either a technology push or demand pull (Geroski, 2003). Demand will often
“pull” the innovation out of R&D labs to the market if the newly developed technology
meets an existing need. In a growing market, strong demand signals can stimulate the
industry to invest more in product development. Alternatively, Geroski explains that supply
can “push” the new technology into a market space because it better meets a current need
or addresses a new need, creating a new market altogether. Duysters (1996) proposes that
technology development is an endogenous factor influenced by firms’ existing market
structure and actions, allowing for new technologies to destroy existing industries and

create new markets.

b. Technology Trajectories

Technological innovation follows a pattern called a technology trajectory where a
string of innovations will follow one another, based on the previous engineering efforts
(Geroski, 2003). Figure 8 represents the trajectories that follow-on technologies may take
after a breakthrough idea. He explains that progress along the main technology trajectory
results in more research opportunities, which in turn create various additional technology
branches, all based upon the engineering efforts of the initial breakthrough technology.
Geroski establishes that even if the discovery of a technology may seem accidental, it is
rooted in a specific technology that received traction from interested parties. Throughout
the atlas, we see examples of these technology trajectories, particularly in alternative

energy analysis.

26

ACQUISITION RESEARCH PROGRAM
w/ DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL



Thes Lbreakthrough A 24 branch

The 1st branch The main trajectory

—

A particular
new invention

Figure 8. Technology Trajectories. Source: Geroski (2003).

c. Role of Incubators for Breakthrough Technology

The DOD and academia play an essential role in stimulating these technological
trajectories (Duysters, 1996). A new technology and its potential market can make
incumbent firms hesitant to support early development. In these moments, Duysters

b

suggests that academic and government entities can act as “incubators,” which will
stimulate competitive firms to invest in developing the technology. With an increased level
of competition comes a natural drive for firms to want to stay ahead and capture as much
of their market share as they can. This naturally drives these firms to increase the quality
of the product, which results in technology progress overall. It is reasonable to assume that
if the DOD identifies a technology of interest early enough, engagement with emerging
firms will stimulate the technology’s growth. For example, the requirements of the Apollo
program at the National Aeronautical and Space Administration (NASA) lead to the
miniaturization of computers. This government-led effort had significant spillover effects,

as the miniaturization of these systems into the 1960s resulted in commercial firms being

able to afford and utilize these computer systems. (Mazzucato, 2021)
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D. TECHNOLOGY ADOPTION AND PROGRESS

There is never a guarantee of any technology being adopted in either the
commercial or military sectors. However the DOD can utilize proven theories and models
for a degree of predictability when determining the viability of a new technology (Nagy et
al., 2013). Understanding and applying these principles gives context to the development

of our atlas.

1. Dynamics of Innovation in Industry

Utterback (1994) theorizes that the “rate of major innovation for both products and
processes follow a general pattern over time, and that product and process innovation share
an important relationship” (p. xvii-xviii). Utterback’s model has proven helpful in
explaining the rate of technological innovation as an aspect of industrial competition over
time. His model encompasses three phases: fluid, transitional, and specific. Figure 9

provides a visual description of the Utterback model.

Innovation rate

product innovation

process innovation

Stage1: Fluid  Stage 2: Transitional Stage 3: Fluid Time
Exploration Dominantdesign Standardisation

Uncertainty Integration

Flexibility

Figure 9. Utterback Model of the Dynamics of Innovation. Source:
Utterback (2004).
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The fluid phase occurs during the foundational years of a new product when there
is a large amount of design experimentation. This phase is defined by significant
uncertainty and much of the focus is on the product rather than process, which creates rapid
advancements in product innovation (Utterback, 1994). The fluid phase leads to the
transitional phase when major product innovation begins to slow and process innovation

rapidly gains momentum.

At the intersection of product and process development, there emerges a dominant
design, which Utterback (1994) describes as the product that wins the affinity of the
market. This is the beginning of the transitional phase. As a dominant design is accepted,
the process innovation curve steepens while competing parties rush to produce their
product as quickly and cost-efficiently as possible, without a loss of performance.
Competing firms begin focus on adapting their strategy to meet the consumer’s needs,

which leads to the final phase (Utterback, 1994).

In the specific phase, Utterback (1994) asserts that both the product and process
innovations have reached a certain level of maturity. The focus for industry competitors
now becomes cost and volume of product. According to Utterback, technological
innovation slows and design improvements incremental. The phases of the Utterback
model demonstrate a pattern of technological innovation though not all industries will fully
participate in each phase. Utterback (1994) believes that a company’s strategy may differ
depending on at what phase they enter a market. The introduction of a radically new
technology can completely change the dynamic of a market, shuffle the industry leaders,

and start a new cycle of product innovation.

2. Technology S-Curve Defined

Christensen (1999) defines a technology S-curve as, “an inductively derived theory
of the potential for technological improvement in the performance of a product or process
over a given period of time or resulting from a given amount of engineering efforts differs
as technologies become more mature” (p. 392). Figure 10 depicts the technology S-curve,
which presents an “S” shape because initial advancements in the technology are relatively

slow. As more knowledge is gained about this new technology, the curve steepens, and

29

ACQUISITION RESEARCH PROGRAM
w/ DEPARTMENT OF DEFENSE MANAGEMENT
NAVAL POSTGRADUATE SCHOOL



performance begins to improve as the technology is diffused throughout the industry
(Sahal, 1981). Eventually the technology reaches its mature stage, where it’s natural limit
is met. Christensen (1999) explains greater levels of time and engineering effort are
required in this maturity stage to make incremental improvements in the technology’s
performance. Foster (1986) uses the technology S-curve to explain this decision as the
reason why new technologies are often brought into an industry by an entering firm, rather
than an incumbent firm. If the leading incumbent firms fail to identify or respond to a new
technology in a timely manner, they can lose their position of dominance within an

industry.

The information technologies and disk drive industry provided empirical evidence
to support this theory, demonstrating its validity as a robust tool that is used in multiple
industries to help forecast technological maturity (Scillitoe, 2013). Becker and Speltz
(1983) reference commercial sector applications of the technology S-curve for industry
leaders to understand how to manage technology and allocate resources to maintain a
competitive advantage. If applied appropriately and objectively, it can be a powerful

analysis tool and one that the DOD should employ frequently.

Product
Performance

Time or engineering Effort

Figure 10. Technology S-curve. Source: Christensen (1999).
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Like all theories, the technology S-curve does have limitations, namely that the true
limits of a technology are simply unknown (Schilling & Esmundo, 2009). This makes it
difficult for firms to identify when the right time is to switch from an old to new technology.

Decisions about whether to extend the performance of a given technology

for another product generation or to switch to a new and more promising

technology must be made component-by-component, year-by-year, in the

real world of technology and product development. (Christensen, 1999, p.
385)

Complex systems, like a hybrid airship, have multiple components which will be
in various stages of maturation. The DOD cannot accurately assess the airship without

considering the capabilities and potential improvement of these components along the way.

3. Typologies of Technological Change

Overall performance improvements stem from the interaction of component and
architectural technologies, which Christensen (1992) explains as a factor in new
technologies eventually being favored over mature technologies. He employed four
typologies of technical change which were initially proposed by Henderson and Clark in
1990. The first typology, architectural change, involves rearranging how components relate
within a product’s design, while their design remains unchanged. Modular innovation, the
second typology, is a fundamental change in the technological approach, while the
architecture remains unchanged. The third typology is incremental change, where
components are improved within the system design without significant changes in their
relationships. Finally, radical innovations indicate where both the system design and the
components are changed. Christensen (1992) explains that these typologies are neither

sequential nor mandatory, but instead what could be experienced in the process.

To understand a single technology’s development, we must understand which
individual components are critical to the system’s overall ability to meet performance
requirements. Figure 11 from Christensen (1992) demonstrates technology extensions and
substitutions at the component and architectural level. There are numerous incremental

improvements to a particular technology, represented by the dots above the S-curves. When
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a new dominant technology is developed, a firm will transition to this new technology,

making the first technology inferior.

|
FProduct
Perfommance

Ird Technology

ind Techmology

lsi Technology

Time or Enginearing Effort

Figure 11. Prescriptive S-curve Strategy. Source: Christensen (1992).

For the DOD to keep pace with cutting-edge technologies, military professionals
must be aware of the architectural trajectories of technology while also maintaining
awareness of which individual components are critical to the system’s overall ability to

meet performance requirements.

4. DOD Application of Learning Curves

The GAO Cost Estimating and Assessment Guide (2020a) states a learning curve

occurs in production based on the premise that:
As people and organizations learn to do things better and more efficiently
when performing repetitive tasks, a continuous reduction in labor hours
from repetitive performance in producing an item often results from more
efficient use of resources, employee learning, new equipment, facilities, or

improved flow of materials. (GAO Cost Estimating and Assessment Guide
2020a, p. 119)

Typically, when the government conducts cost estimates for a new platform, a
specific quantity is expected to be bought over time. The guide explains that earning curves

are used to determine the first unit, average, and individual unit costs for a clearer picture
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of the overall costs (2020a). Figure 12 from the guide depicts how different learning curve

rates affect the cost and time it takes to produce a product.

Hours
100%
1000 learning
curve

800

600 90%
learning
curve

400
80%
learning
curve

200

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Units

Figure 12. Learning Curve Rates. Source: GAO Cost Estimation Guide
(2020).

DOD cost estimators typically use either unit theory or cumulative average theory
(CAT). Unit theory suggests that as production units double, cost is reduced by a constant
percentage. CAT is essentially the same as Wright’s Law. The main difference is that unit
theory calculates each lot produced individually, while the cumulative average theory
calculates the cumulative average cost of all units. The GAO (2020a) guide explains there
are no firm rules when choosing one method. However, some factors to consider when
determining the approach to use are analogous systems, industry standards, historical

experience, or expected production environment.

Loerch (1999) explains the correlation between learning curves, also called learning
behaviors, and procurement programs:
Each government contractor must submit a form quantitatively describing

the anticipated learning behavior of their manufacturing process. These data
are used by cost analysts throughout the acquisition process for determining
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contract prices, for budgetary projections, and for performing cost and
effectiveness analyses. (p. 257)

The overall quantity produced determines the overall unit cost of the platform
because of the learning curve effect. Loerch (1999) uses the B-2 bomber budget cuts to
demonstrate how the overall quantity produced affects the cost. He explains that when the
amount of bombers procured was reduced due to budget cuts, it inadvertently increased the
unit cost. Due to the learning curve effect, the decrease in costs would have reduced the
overall cost later in the production process. In this case, cancelling some of the bomber
orders did not save as much money as anticipated. The opposite can also be true, as was
the case with the B-47 bomber. In 1954, the labor hours required per pound of the airframe
had been reduced to just 7% of what it initially was for the first production aircraft (Hartley,
1965). When estimating the cost of new ships, the CBO will adjust their costs if the same
ships are being built simultaneously (Labs, 2018). Simultaneously building two surface
combatant vessels reduced the cost by close to 20% due to efficiencies gained in

production.

5. Explanatory Models for the Technology S-curve

Multiple models explaining and quantifying the technology S-Curve have been
developed, with engineering effort or time being the driving factors for predicting
technology growth. Nagy et al. (2013) conducted a comparative study that ranked different
postulated laws to determine which models best predict the future cost of new technologies.
Their study applied six different laws to the historical data from 62 different technologies
to determine which model would be most accurate in predicting future costs. The six laws
chosen for analysis were Moore’s, Wright’s, Lagged Wright’s, Goodard’s, Sinclair-
Kepper-Cohen’s, and Nordhaus. The study determined that it is not possible to quantify
performance changes in differing technologies with a single metric, but performance
improvements can be measured by the inflation-adjusted cost of one unit. Wright’s Law
and Moore’s Law produced the best forecasts, and demonstrated a degree of predictability

in technological progress (Nagy et al., 2013).
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6. Moore’s Law

In 1965, Gordon Moore accurately predicted that the speed of computer processing
power would improve as the number of transistors per integrated circuit doubled every two
years, without specifying how it would be accomplished (Mollick, 2006). Moore’s Law
therefore suggests that the cost of a given technology will decrease exponentially over time
(Nagy et al., 2013). Jovanovic and Rousseau (2002) claim that Moore’s law is an example
of efficiency improvements that will occur among producers in a market. The market size
will play a role in the rate at which a technology improves as competition can increase
firm’s investment in their engineering and R&D efforts.

Predictions made using the law become the basis for future production

goals, which in turn reinforces the validity of the law as a measurement of

industry progress. In a rapidly changing environment, Moore’s law has been

described as “the only stable ruler” on which companies can rely. (Mollick,
2006, p. 62)

7. Wright’s Law

In 1936, T.P. Wright examined World War I aircraft production to better understand
the predictive nature of lowering production costs as airplanes were produced at greater
quantities (Mislick & Nussbaum, 2015). Wright found that “If there is learning in the
production process, the cumulative average cost of some double units equals the
cumulative average cost of the un-doubled units times the slope of the learning curve”
(Mislick & Nussbaum, 2015, p. 182). Wright’s Law states that as cumulative production
increases, the cumulative average cost will decrease (Nagy et al., 2013). Also known as the
cumulative average theory or “learning by doing” model, the law postulates that more
effort put into a product inherently increases the level of knowledge gained, reducing

production costs.

Many factors can reduce cumulative average cost, including improving efficiency
in the labor force and streamlining processes in the production facility through continuous
improvement (Wright, 1936). Other generalities that impact cost include the design’s
simplicity, the number of parts required, design structure, and materials. If a system is

overly complex, we can expect a much slower decrease in cost because the level of
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complexity involved will have a slower rate of improvement for both the technical
performance and production process (McNerney et al., 2011). Changes to the final product
in production will also significantly impact the cost, as will the market conditions,

dependent on demand (Wright, 1936).

8. Dual-use Technology

Ultimately, the DOD must understand how new technologies, capabilities, and
platforms are being developed. Some technologies are found to have application in both
the military and commercial sectors and are referred to “dual-use.” Flagg and Corrigan
(2021) point out that the concept of dual-use technologies is certainly not new but they
have taken a more central role as the commercial sector continues its rapid R&D efforts.
This means that more responsibility is placed on the DOD to identify commercially
developed technologies that can be militarized than in years past (Gagnon & Van Remmen,
2018). However, dual-use technologies are inherently a double-edged sword. Technologies
that are developed for commercial markets have the potential to be militarized or even
weaponized. The commercial partners must be comfortable with that possibility, which
may not always be the case. For both the commercial sector and the DOD, understanding
and predicting the possibilities of dual-use technologies remains a necessity, which is no

easy task. To enable this, the DOD has begun to bolster its innovation ecosystem.

E. THE DOD INNOVATION ECOSYSTEM

Shortly after WWII, a race for technological dominance laid the groundwork of
what soon became the DOD innovation ecosystem. The establishment of NASA, ARPA,
the Office of Naval Research (ONR) and the National Science Foundation (NSF) between
1946 and 1958 propelled R&D rapidly forward in the post-war era. Flagg and Corrigan
(2021) explain:

In the post-war period, most global R&D was conducted within the borders

of the United States, most U.S. R&D was funded by the federal government,

and most federal R&D dollars were doled out by the military. In 1960,

roughly one-third of worldwide research funds were devoted to U.S.
national defense. (p. 2)
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As the U.S. came out of the Cold War, the military found it was no longer the
primary R&D funding source. Having benefited from healthy military R&D funding
streams, commercial firms had become profitable enough to begin funding their own
research interests (Flagg & Corrigan, 2021). The rapid adoption of the internet, and the
increasing affordability of personal computers, put the commercial sector in a position to
recruit the best and brightest minds for their own profitable goals. The military watched as
many researchers who had been supporting government projects took more lucrative
positions in rising technology companies. A steady decline in the military’s influence over
the broader national innovation ecosystem followed. By 2018, Flagg and Corrigan (2021)
explain that the U.S. government had only 22% of the total R&D spending focused on its
interests, of which the DOD received barely half. Figure 13 demonstrates the widening gap
between commercial and DOD R&D spending between 1987 and 2013.
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US Domestic Industry research and development (R&D) investments.
Department of Defense (DOD) R&D investments

Source: GAQ presentation of National Science Foundation and Office of Management and Budget data. | GAO-17-644

Note: Expenditures have been adjusted for inflation in accordance with DOD National Defense
Budget Estimates for Fiscal Year 2017. Industry research and development spending may include
funding provided by DOD for research performed by industry.

Figure 13. DOD and Private Sector Research and Development Spending.
Source: Sullivan (2017).

1. Fresh Momentum

In 2014, recognizing the need to be make broad and bold changes to the DOD’s

innovation ecosystem, then-Secretary of Defense Chuck Hagel announced the Defense
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Innovation Initiative (DII). The DII was intended to catalyze a new approach to innovation
within DOD by forming a stronger relationship with innovation and technology hubs in the
U.S.. The first action taken within the initiative was the formation of the Defense
Innovation Unit (DIU) in 2015 (Hummel & Wurster, 2016). Based at Moffett Field in
Mountain View, CA, Hummel and Wurster clarify that it was the first DOD organization
created with the mission of giving the DOD access to innovative technologies and
processes being pursued by smaller companies in innovation hubs, like Silicon Valley. DIU
has the secondary mission of teaching the DOD how to understand and implement the best

innovation adoption practices of the commercial sector.

Many other defense-based organizations have been created, expanded, or combined
since 2015 to harness the innovation momentum that was catalyzed by the DII. As of
October 2021, the MITRE report had confirmed 28 DOD innovation organizations. Figure
16, published in 2019, provides a visual generated by DIU that groups together some of
these organizations. However, there is not a current map of the DOD innovation ecosystem

and connected network.

2. An Initial Framework

As government innovation organizations proliferate, their parent agencies expect
to see results from their resource investments. Innovation organizations are therefore
tasked with determining how to effectively measure themselves (Brunelle et al., 2020). The
MITRE Corporation’s 2020 report set out to assess how government organizations,
including the DOD, define innovation and what metrics they use to measure and quantify
their impact. A survey was sent to every known innovation organization in the U.S.
government, though only 19 government agencies completed the survey. The MITRE
report (2020) identified seven types of government innovation organizations from the
survey responses. Figure 14 describes these seven types, defines their primary role, and

shows the percentage of respondent organizations within each category.
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Percentage of

Type Definitlon Primary Role Participating
Organizatlions*
Facilitates connections and
partnerships among parties Creating
Networker with the purpose of creating interactions &%
community or collaboration
i : Imparting
Propagates innovative
ot gl techniques and activities to e ;;d 56%
encourage innovation guidance
Expedites delivery of solutions ngmasios tea
iyl through contracts between_ Z’;’f?;gnagydor 46%
government and other entities acquisition
; : Effectively
Investor SRR i S allocating 46%
funding
Provides guidance and Maturing
resources for early-stage technologies,
Inctbiatar innovations that are not ready products, and =%
for adoption processes
Increasing
2 2 adoption of
Guides a proven solution to ; ;
Accelerator 2 2 technologies, 23%
higher growth and adoption B
processes
Creates or builds innovative Building new
Developer technology, products, or other technologies and 15%

solutions

products

Note. *The total number of participating organizations was 39. Organizations can belong to multiple categories.

Figure 14. Types of Innovation Organizations. Source: Brunelle et al. (2020).

3. DOD Innovation

The MITRE Report (2020) led the way for the creation of a DOD-specific
evaluation. Although they were not the first to analyze the DOD’s innovation ecosystem,
MITRE was the first to produce a more comprehensive analysis. Working from the original
seven types of innovation organizations, MITRE identified six categories of DOD
organizations that worked in and around innovation (MITRE, n.d.). Figure 15 shows the
six categories and the known organizations that fit within each category. It is important to
note that the categories are not exclusive, and many organizations operate in more than

one, such as AFWERX, the Air Force’s primary innovation hub.
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Accelerator. Accelerators

offer competitive and

structured programs

focused on scaling the

growth of an existing

company. Accelerators
typically provide some amount of seed money
and a network of mentors. Programs are
typically a few months in duration culminating in
an opportunity to pitch to investors at the
conclusion of the program.

AF Techstars Accelerator | Allied Space
Accelerator | Catalyst Accelerator |
Starburst Accelerator | T3 Accelerator

Funding Opportunity.
A Funding opportunities are
offered by organizations
that seek to invest in and
enhance the chances of
success of entities (often
start-ups or small businesses) pursuing
advancements in technology. These are not
government contracts or agreements.

AF Techstars Accelerator | Allied Space
Accelerator | Catalyst Accelerator | In-Q-Tel
| RRTO | Starburst Accelerator | T3
Accelerator

Challenge. A challenge can

be a single or recurring

contest or competition

aimed at solving problems

where emerging

technologies have the
potential to provide non-traditional solutions. or
to expand the pool of participants to address
critical issues. Challenges may offer cash prizes
or may be part of a broader Challenge-Based
Acquisition (ChBA) strategy that may resultin a
government contract.

AFWERX | Challenge.gov | ERDCWERX |
Hyperspace Challenge | MGMWERX | NSIN |
SOFWERX | STRIKEWERX | xTechsearch

Government Contracting

Authority. An organization

with government

contracting authority can

execute contract awards or

agreements for
government projects. These organizations have
warranted Contracting Officers who are
authorized to execute awards and agreements
on behalf of the government.

AFRL | AFWERX | Army Applications Lab |
ARL | Army SBIR/STTR | DARPA | DIU | DoD
Labs | NRL | Navy SBIR/STTR | RIF

Connector. The objective
of connector organizations
% is to build networks and
create relationships
between government
organizations, industry,
private equity firms, and academia to facilitate
partnerships to solve challenging problems by
generating new solutions.

AFWERX | Defense Innovation Marketplace |
DEFENSEWERX | Doolittle Institute |
ERDCWERX | MGMWERX | NSIN | NavalX |
RRTO | SOFWERX | STRIKEWERX

Incubator. Incubators
focus on start-up and
entrepreneurial entities
with innovative ideas. They
may provide seed funding
and a collaborative physical
environment to grow ideas, brand identification,
and business plans. Not-for-profit and
government or university operated incubators
seek to enhance the economy and/or advance
the state of the art of the US industrial base for
government stakeholders.

1QT | SOFWERX

Figure 15. DOD Innovation Ecosystem. Source: MITRE Acquisitions in the
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Figure 16. Defense Innovation Unit (DIU) Network Diagram. Source: DIU
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a. Innovation Culture

In 2018, Eric Schmidt, then head of the Defense Innovation Board (DIB) and Chief
Executive Officer of Google, delivered an address to the House Armed Services
Committee. Although he delivered this address in a personal capacity, not as the head of
the DIB, the impact was powerful. Schmidt (2018) stated “Early on, I reached a
fundamental conclusion that has been borne out over time: DOD does not have an
innovation problem; it has an innovation adoption problem” (p. 1). Flagg and Corrigan
(2021) elaborate on this point:

We find the military’s current approach to engaging with small tech

companies, or nontraditional vendors, is more akin to innovation tourism—

with the DOD sampling the local fare of the United States’ various tech

hubs—than a bona fide strategy for bringing emerging technologies into the

department. To integrate the activities of innovation offices into the broader

defense procurement pipeline, the DOD must change the incentives that
drive its acquisition ecosystem. (p. 1)

Former Secretary of Defense Jim Mattis prioritized innovation as one of his critical
objectives for the DOD. To deliver performance with affordability and speed, we must
“change Departmental mindset, culture, and management systems; and establish
unmatched twenty-first century National Security Innovation Base that effectively supports
Department operations and sustains security and solvency” (Mattis, 2018, p. 4). Like
Mattis, Hagel believed that for America’s strategic dominance to continue, innovation and
adaptability would play a significant role in the military force’s long-term lethality and

resiliency (Lyngaas, 2014).

b. Dual-use Technology

Because dual-use technologies are seen as one of the more prominent ways for the
DOD to rapidly acquire new capabilities, many innovation organizations have placed
emphasis on early cooperation and coordination with commercial partners. However, an
interest in dual-use technologies also forces the DOD to acknowledge that a shift in its
business model is necessary. A report from the Massachusetts Institute of Technology

(MIT) Lab for Innovation Science and Policy explains:
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This makes the capability to ‘innovate/experiment for Innovation’ a key
one—enabling defence systems to create new business models that at once
reflect and engage with the evolving wider economy and its ecosystem
stakeholders. This current interest in so-called ‘dual-use’ technologies is a
particular focus (e.g., in the UK, USA, FRA and ISR), as the civilian
economy outpaces the military in technological sophistication in key
domains (especially digital) and in new enterprises (particularly new
ventures). (Budden & Murray, 2019, p. 8)

As dual-use technologies will likely continue to be a theme in DOD innovation,
there are steps that must be taken to reduce risk and incentive more commercial
collaboration within and around the DOD. The existing defense industrial base is a
complex challenge the DOD must address soon if it wants to capitalize on these emerging

dual-use technologies and the commercial innovators responsible for them.

4. Connecting the Large and the Small

The defense industrial base today is composed primarily of several large prime
defense contractors. These organizations, like Lockheed Martin and Boeing, hold
significant influence and pedigree with the DOD. As mentioned in the GAO (2017) report,
smaller innovative companies avoid doing business with the DOD because of the
complexity of the acquisitions process and the long contract awarding timelines. The
defense primes, more familiar with these challenges, are often reluctant to bring aboard
smaller subcontractors who lack the experience and resources necessary to interface with

the larger primes on DOD contracts (Flagg & Corrigan, 2021).

DIU was specifically seeded in the Silicon Valley area because it allowed access to
growing number of technology start-ups. To fully engage the innovation that is growing
out of these hubs, DIU and other DOD innovation organizations may need to create the
equivalent of safe spaces for smaller organizations and defense primes to interact and

collaborate with the DOD’s unbiased support (Flagg & Corrigan, 2021).

As we look to integrate and capitalize on the commercial sector’s innovation, the
DOD has no choice but to take a hard look at our current procurement process and how we
can leverage commercial advancements and innovation to support national defense

(Barnett & Buss, 2016). The DOD does not have to shoulder every cost of R&D, but it can
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foster and stimulate the commercial sector’s investment. The current contracting process
provides barriers for small companies that have developed technology that can significantly
benefit the DOD (Barnett & Buss, 2016). Small but essential demand signals to the
commercial sector, like more accessible contract and lease options, can have significant
primary and secondary effects on developing and integrating future technology (Barnett &
Buss, 2016). As the DOD continues to shift both its strategy and its acquisitions model,
commercially developed hybrid airships offer a unique opportunity for the DOD to capture
a large-scale, billion-dollar program at a reduced cost. A defense stimulus to the hybrid
airship industry now will yield exceptional results thirty years in the future. The DOD can

continue to benefit from this maturing commercial industry (Taylor, 2021).
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IV. METHODOLOGY

A. MARKET ANALYSIS

To analyze a commercially developed platform, the DOD must understand the
market which commercial developers intend to enter. This is critical if the mobility
platform has dual-use potential. Manufacturers will undoubtedly make decisions to remain
competitive within the market they target, and these decisions will affect the development

of the initial platform and subsequent generations.

In order to acquire more timely data and further advance our research, we initiated
a Cooperative Research and Development Agreement (CRADA) with one of the leaders in
the hybrid airship industry. Hybrid Air Vehicles (HAV), based in the United Kingdom, has
been involved in hybrid airships since the late 2000s and competed in the LEMYV contract.
The CRADA allowed for the exchange of proprietary information and intellectual property

that would have otherwise been inaccessible to us.

In our conversations and interviews with hybrid airship manufacturers, the
transportation industry was identified as the largest and most profitable market to pursue.
The Global Industry Classification Standard (GICS), developed by Morgan Stanley Capital
International (MSCI), classifies transportation as a group within the industrial sector, and
its sub-groups are air freight and logistics, airlines, marine, road and rail, and transportation
infrastructure (Morgan Stanley Capital International (MSCI), n.d.). Because of the unique
operational capabilities of hybrid airships, an analysis of just one of these subgroups would
be insufficient for this research. However, a thorough analysis of the entire transportation
industry is a significant undertaking that should be conducted in scope that narrows from
macro to micro. We have identified these proposed points in the road map. While this
research can and is commonly conducted by private sector organizations or resources
important for market analysis to be conducted by members of EU S military not only for
education on the platform itself, but also to understand how the market is evolving and

what role the DOD may play in its evolution.
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We used the Porter’s Five Forces model to conduct our initial market analysis. The
transportation industry is massive and consequently has a wide variety of influences and
factors that must be considered for a robust and thorough market analysis to accomplish
our mission of a cursory market analysis, we identified one to two key factors or influences
in each of the five forces. To complete this qualitative analysis, we interviewed personnel
in the commercial airship sector as well as reviewed a variety of papers published from a

multitude of sources.

B. COST ANALYSIS

Since the early 2000s, multiple government studies have evaluated hybrid airships’
ability to support operational requirements, either through augmentation or replacement of
current conventional airlift or sealift assets. Most of these studies concluded that hybrid
airships offer a unique capability for transportation to multiple locations globally at a
potentially reduced cost. However, the hybrid airship market is not mature, and

technological progress in the near term will substantially affect the costs to DOD.

To further evaluate the cost implications of the military adoption of a dual-use
technology like hybrid airships better understand how the market size and DOD
procurement strategy will affect the procurement costs and potential cost savings, we use
a technology progress model. Our technology progress model allows us to investigate how
the market size and learning curve rate, in interaction with DOD procurement strategies,
will affect hybrid airship’s average unit procurement cost (AUC). One of the benefits of
hybrid airships relative to current cargo aircraft is the greatly reduced O&S costs partly
due to lower fuel demand. We develop an operations and sustainment (O&S) cost model
that accounts for variability in fuel prices to estimate potential net costs savings when a
hybrid airship fleet is used in ways typical of current cargo aircraft. The cost savings are
measured as the O&S savings, less total procurement cost. We also calculate barrels of fuel
saved, which also reduces CO2 emissions. Our model provides an example of an analysis
that can be used to