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ABSTRACT

As extreme weather events and aging infrastructure continue to challenge the reliability
of the electric grid, the ability to restore power as fast as possible has become a priority.
At the center of this issue lies the substation, a critical and vulnerable node that houses
equipment like power transformers that are large, expensive, and difficult to replace.
When equipment damage occurs, especially in remote or inaccessible regions, restoration
can be delayed not just by supply chain shortages[1] but also a logistics network that

depends heavily on roads, rails, bridges, and ports that may not be intact or convenient.

This thesis explores the potential for hybrid airships to solve these logistical constraints
and alter how utilities respond to grid emergencies. What was once regarded as obsolete
technology, airships are being reinvented with updated materials, navigation systems, and
efficient propulsion systems[2], [3]. Possessing the ability of vertical takeoff and landing,
soft delivery, and carrying excessively heavy payloads, these bulbous aircrafts offer an

ideal alternative to helicopters, trucks, cargo planes, trains, and even shipping barges.

Through comparative analysis to evaluate recent hurricanes and power system equipment
transport needs, this paper argues that airships could close substantial logistical gaps in
grid resilience. This thesis identifies regulatory and technical barriers to adoption while
outlining a policy roadmap involving various government agencies to support integration

and resilience planning.
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INTRODUCTION

The United States’ electric power grid is a complex and critical component of
infrastructure in our society, and yet it remains extremely vulnerable to natural and man-
made disruptions. As extreme weather events become more frequent and supply chains
struggle to meet demand, the weaknesses in the ability for utility companies to restore
power quickly has become evident[4], [5], [6]. A specific point of fragility comes from
the logistics of replacing and repairing substation equipment — primarily large power

transformers — after catastrophic failures or damage.

Substations are one of the most vital components of the electric grid. They step voltage
up or down, connect transmission and distribution systems, and serve as the link between
power generation and load. Their components, particularly transformers, are large,
expensive, and not easily replaced when damaged. When a transformer fails, the
restoration timeline is often dictated by the availability of parts and the logistics of
moving that equipment where it needs to go. This challenge is exacerbated when natural
disasters like hurricanes, wildfires, and flooding occur. Roads become inaccessible and

traditional cargo transportation systems cannot fulfill the restoration needs.

Congruently, technology in transportation has begun moving to electrification for low-
emission logistics. In this transition, the re-emergence of a historically overlooked
technology — the airship — has quietly re-entered the conversation as a potentially game-
changing logistics solution for heavy-lift cargo in infrastructure-lacking environments.

Unlike helicopters or trucks, airships can carry tens of tons of cargo without requiring



roads, railways, or runways. They possess the ability to hover, loiter, and land vertically
which allows them to deliver directly to the location, even when conventional access is

impossible[7], [8], [9].

This thesis proposes the potential of modern airships to solve the pressing logistical
challenges associated with power system restoration including the transportation of heavy
equipment like transformers as well as personnel deployment in emergency scenarios.
Airships can offer a combination of payload capacity, sustainability, and infrastructure
independence that can improve the speed and effectiveness of disaster recovery efforts

within the electric power industry[10], [11], [12], [13].

This paper proposes airships within the broader context of utility logistics and disaster
resilience. It begins by examining the technological evolution and renewed relevance of
these aircrafts, followed by the evaluation of their performance relative to conventional
cargo transport modes. The discussion then proceeds with the specific challenges of
delivering large power transformers, before analyzing recent disasters and substation
failures where airships could have meaningfully impacted restoration durations. The
thesis concludes with considering the regulatory, technical, and institutional barriers that

must be addressed to integrate airships into grid operations.



CHAPTER ONE

LITERATURE REVIEW

The resurgence of airship technology is occurring at the intersection of multiple
disciplines including aviation engineering, disaster logistics, energy infrastructure, and
regulatory policy. To understand how hybrid airships might reshape utility logistics and
grid restoration, it is imperative to evaluate existing research across these domains. The
literature provides a renewed technical interest in these aircrafts and a growing awareness
of their potential in transportation. At the same time, literature exposes persistent barriers

to adoption.

Given the wide range of fields involved in the airship evolution, this review organizes the
literature by thematic relevance. The following sections explore the history behind
airships, their modern capability, applications in cargo and disaster logistics, restoration
challenges facing power systems equipment, and the regulatory environment shaping the
future for airships. The structure allows for a synthesis of the role airships may play in

the future of grid resilience strategies.

Evolution of Technology

The modern resurgence of airships draws upon a long and uneven development of
technology, with recent literature focusing on their design transformation and renewed
relevance. Early airship usage was dominated by military and passenger transport
functions but fell out of favor due to high-profile disasters and emergence of faster fixed-

wing aircrafts[14]. However, several articles revisited this narrative, highlighting how the



foundational aerodynamic and buoyancy principles of airships have remained technically
viable and are being reimagined through modern engineering solutions[15], [16]. These
works emphasize that the decline of airships was due more to contextual limitations than

technological obsolescence.

Within literature, the conversation has shifted toward airships as sustainable and adaptive
logistics platforms. Sherer argues for their role in decarbonizing freight and reaching
remote or underdeveloped regions with minimal infrastructure, which is an argument that
ties directly into this thesis’ focus on disaster logistics within grid resilience[15].
Similarly, another author provided a comparative lens by evaluating the propulsion and
structural advancements made in hybrid airships, particularly their ability to combine
vertical take-off, heavy lifting, and long hover duration[2], all of which are factors central
to their proposed use in the power system sector. Across these texts, there is a clear
convergence around the notion that airships are not “relics” of the past, but rather

underutilized assets for modern infrastructure challenges[17].

Grid Vulnerabilities During Recovery

A growing body of literature highlights how modern power systems are facing threats of
aging infrastructure and escalating natural disasters[18]. The 2025 Utility Dive report
discusses the extent to which the transformer supply chain has become an issue for grid
recovery, noting that transformer lead times often exceed what is necessary to keep
emergency stock of equipment[1], [18], [19]. These delays are magnified during post-

disaster scenarios when extensive amounts of equipment may need to be replaced,



outpacing existing inventories. Analysts further point out that while manufacturers have
announced production expansions, substantial relief will not materialize for several years,

leaving the current state of the system vulnerable.

Additionally, literature has suggested that recent storm response delays are not only a
logistical inconvenience but also pose a systemic risk to the grid. Damage assessments
and repairs often require bulky equipment that cannot be moved swiftly due to damaged
or impassible roadways. According to one study’s findings, hurricanes not only cause
direct equipment failure, but also create terrain that is inaccessible and hampers recovery
times, especially in rural and mountainous areas. This interplay between supplies and
transportation creates a feedback loop where outages can last longer and restoration
becomes complex. These publications collectively suggest that without diversification in
transport methods and prepositioned recovery solutions, power system recovery will

remain risk prone.

Regulatory and Market Environments

Despite growing technological feasibility, the regulatory environment surrounding
airships remains outdated, especially for utility-oriented applications. The Federal
Aviation Administration (FAA) governs airship certification through 14 CFR Part 21[20],
which outlines the airworthiness certification procedures calling the category a “special
class” aircraft[20], [21]. However, these guidelines are based on criteria developed as
early as the 1980’s, drawing heavily from outdated military specifications and legacy

systems designed for nonrigid blimps.



This aging regulatory infrastructure presents potential barriers to adoption for airships.
The FAA design certification criteria, such as those found in FAA-P-8110-2[22], do
include references to cargo transport and propulsion integration, but they are narrowly
scoped to aircraft models that fit pre-existing criteria. For the modern hybrid airships
intended to deliver multi-ton payloads to infrastructure-deficient regions, there are
minimal specific provisions that address operational scenarios involving post-disaster
grid recovery or power system logistics. While FAA’s Part 91 governs operating rules for
civil aircrafts, including airships, there is no language that anticipates or enables rapid

integration into emergency airspace usage or prioritization for grid-sensitive tasks.



CHAPTER TWO

AIRSHIPS THEN AND NOW: OBSOLETE TO INNOVATIVE

A Historical Briefing

Airships once symbolized the story of early aviation innovation, allowing for long-range
transport capabilities unlike early fixed-wing aircrafts. The German Zeppelin company
led the development of rigid airships in the early 20th century, demonstrating the
potential for luxury travel and military application. The Graf Zeppelin and Hindenburg,
two of the most infamous early airships, could span intercontinental ranges and carry
dozens of passengers or heavy cargo loads[14], [17]. However, the Hindenburg disaster
in 1937, combined with rapid wartime evolution in fixed-wing aircrafts, diminished the
interest in lighter-than-air vehicles[2], [7], [17]. Between the flammability of hydrogen
used to provide the lift in airships, comparably slow speeds to other aircrafts, and
susceptibility to weather, airships were relegated to niche applications or completely

obsolete all together.

In the past two decades, however, these aircrafts have undergone a profound evolution.
Motivated by material science propulsion systems, and navigation system advances, a
new generation of airships has emerged. These are not simply reinventions of the past,
but reengineered platforms aimed at solving modern problems. Through airships, heavy
cargo transportation can be decarbonized, remote or infrastructure-absent areas can be
reached, and disaster zones can receive aid responses where traditional emergency

services currently fail.



Modernizing Innovation

Common Designs

Today’s airships are designed with helium-based lift systems, eliminating the safety
concerns associated with hydrogen from the Hindenburg catastrophe[17]. They utilize
hybrid propulsion, which is the combination of electric motors with fuel-burning engines
to provide both range, lower emissions, and highly capable maneuverability. Their
structures are made from advanced materials such as carbon fiber and high-strength
fabrics that combine light weight and durability characteristics, which contrast from their
predecessors. Flight systems also include GPS navigation, collision-avoidance radar, and
autonomous flight control in some designs[2], [14], [17]. These features are vital in
modern airship design because it significantly enhances operational safety, precision in
cargo delivery, and the ability to navigate challenging environments without the need for

extensive ground support or constant pilot intervention.

Modern airships vary widely in form and functionality, but they all rely on the same
fundamental principle of using lighter-than-air gases, typically helium, to achieve their
lift. However, the design approaches to shape, structural support, and propulsion can
widely differ. There are three primary categories of airships: blimps, rigid airships, and
hybrid airships[2], [14]. Understanding these distinctions is important to decide which

design is best considering they have different capabilities and limitations.

Blimps are the simplest form of an airship, defined by their non-rigid structure[2]. The

shape is maintained through internal pressure of the helium gas within a flexible envelop



of a fabric type material. Commonly used for advertising or short-duration surveillance,
blimps lack the structural framework required to carry heavy cargo or operate in less-
than-ideal environments[14]. Their utility is largely confined to small payloads, luxury

travel, and short-range trips.

Conversely, rigid airships have a full internal framework which is typically composed of
supportive trusses. This framework provides the shape of the airship regardless of
internal gas pressure[2]. Commonly known, the Zeppelins of the early 20th century were
rigid airships, able to carry significant cargo and passengers over long distances. Modern
versions of the rigid airship have revived the rigid design to enable precise structural
control and increased payload capacity, making them attractive to industrial and logistics

applications.

The third category of airships is a combination of the previous two called a semi-rigid or
hybrid airship. Hybrid airships are a newer innovation which combines the traditional
helium lift with an aerodynamic lift generated by the shape and thrust from onboard
propulsion systems[2], [14], [17]. This allows the hybrid airship to carry even heavier
payloads with less gas volumes all while offering improved maneuverability and
control[2]. This design allows for a reduced size and less fuel consumption relative to a
fully buoyant blimp. The new generation of airships have a set of technical capabilities
that distinguish them from conventional aircrafts and ground-based logistics such as

trucks and trains.



One of the most valuable features of modern airships is their ability to operate without
traditional infrastructure. Equipped with Vertical Takeoff and Landing (VTOL)
capabilities, they can access remote or disaster-impacted regions where runways, roads,
or ports are damaged or nonexistent[8], [23], [24]. Unlike helicopters which consume
large amounts of fuel while hovering and are limited in payload, airships can loiter for
extended periods with high fuel efficiency. This enables precision placement of cargo—
including oversized or sensitive equipment—directly to a site without the need for cranes,
aircraft taxiing, or complex ground handling. Their low-speed, stable hover also

minimized the risk of mechanical shock during delivery.

This ability to hover and deliver cargo precisely in damaged or constrained environments
is only part of what sets airships apart. Equally important is their heavy payload capacity,
which rivals or exceeds that of many helicopters and matches certain fixed-wing cargo
aircrafts. Modern airships are developed to lift between 10 and 60+ metric tons,
depending on the design characteristics. These capacities make them well-suited for
transporting bulking, awkwardly shaped, or otherwise immobile components—such as
substation transformers, prefabricated grid modules, or renewable energy infrastructure—
which are too heavy for helicopters and too logistically complex for ground transport

during emergency scenarios.

All these capabilities establish airships as the logistic solution to the challenges of
delivering power system equipment to infrastructure-poor, remote, or damaged regions.
As the need for grid resilience, low-emissions transport, and rapid emergency response

grows, airships offer the optimal alternative to the existing systems.



Recent Projects

Lighter-Than-Air (LTA) Research’s Pathfinder 1, which is currently the largest aircraft at
over 120 meters in length shown in Figure 3.1., is a prime example of the modernization
of airship technology within the United States. Constructed with carbon-fiber-reinforced
components and powered by electric motors and lidar sensors[14], [16], it is built to carry
humanitarian supplies and infrastructure materials to regions without airports or roads.
Pathfinder 1 possessed a modular gondola, and its payload bay was designed to
accommodate heavy machinery or containers that would otherwise require several
various modes of transportation[16]. This design emphasizes the adaptability for extreme
conditions, making it ideal for post-disaster delivery operations, including personnel for

medical aid or infrastructure repair.

Figure 2.1. LTA Research’s Pathfinder 1 over the San Francisco Bay. [25]



The Flying Whales, a French startup, is currently developing what they call the LCA60T,
which is a rigid airship specifically build to carry up to 60 metric tons of cargo seen in
Figure 3.2.[26]. The design includes in-flight loading and unloading capabilities,
meaning it can hover over a site and deliver its contents without landing[26]. The
LCAG60T targets industrial, logging, humanitarian, and energy sector logistics[26]. This
includes transporting wind turbine blades, prefabricated buildings, transformers, and

medical aid to isolated areas. The airship features distributed propulsion and advanced

stability control to maintain position while hovering with a wide weight range of loads.

Figure 2.2. LCAG60T artistic rendering designed by Flying Whales. [27]



Another US-based company, Lockheed Martin, has developed the LMH-1 seen in Figure
3.3., another hybrid airship with a carrying capacity of 20 tons over 1,400 nautical miles.
The LMH-1 has a tri-lobe shape which provides an aerodynamic lift and buoyancy,
reducing fuel consumption and improving flight control[2]. It is equipped with hover-
cushion landing gear, allowing it to land on less-than-ideal surfaces like snow, sand, and

even water. This design was explicitly intended for logistics missions in regions lacking

runways or roads such as oil fields, mines, and disaster-struck areas.

Figure 2.3. Lockheed Martin’s LMH-1 demonstrates its ability to unload cargo at truck

bed height. [28]



Based in the United Kingdom, Hybrid Air Vehicles (HAV) developed the Airlander 10
which was a hybrid airship with a focus on surveillance, research, and modern cargo
transportation[17]. While smaller than the previously mentioned airships, it is notable for
its ultra-low emissions and ability to stay airborne for up to five days[29]. Even though
the Airlander 10 project, as seen in Figure 3.4., has since been abandoned, HAV is
coping with the growing demand for sustainable freight transportation through the design
of the Airlander 50, a larger cargo variant capable of carrying significantly heavier loads
than the Airlander 10. This design, in Figure 3.5., is motivated by the need to
decarbonize regional supply chains while still reaching areas underserved by transport
networks. HAV sees this as a necessary step toward replacing short-haul air freight with a

cleaner and quieter alternative[17].

Figure 2.4. Test flight of the Airlander 10. [29]



Figure 2.5. Artistic rendering of the Airlander 50 delivering a shipping container.[30]



Across these designs and companies, several consistent characteristics are evident
including lift capacities from 10 to 60+ tons, hover and VTOL for infrastructure-free
operations, flight durations exceeding most helicopters and many fixed-wing aircrafts,
low environmental impact in terms of emissions, terrain disruption, and modular payload
capabilities to carry everything from containers to oversized equipment to people[2], [3],

[31].

These features position airships not just as an alternative to current technologies, but as
an efficient solution for specific logistical challenges — primarily where existing
infrastructure is lacking or even damaged. Their capacity to operate independent of roads,
airports, or ports makes them well-suited for use in rural areas with energy projects, large
equipment delivery like transformers, or emergency manpower for power system
restoration. Comparing these mentioned designs in Table 3.1. shows the advancements

made in the evolution of airships and the untapped potential for a variety of industries.



Table 2.1. Comparison of recent airship designs.

Lift Primary
Design Developer Range Features
Capacity Application
| ] | | | |
Pathfinder LTA ~20 Tons Not Carbon-fiber Humanitarian aid,
1 Research disclosed  frame, disaster response,

(US) modular infrastructure

gondola logistics
LCA60T  Flying 60 Tons +1,000 km Rigid Heavy cargo

Whales structure, delivery,

(France) inflight humanitarian aid,
load/unload energy sector
capabilities equipment delivery

LMH-1 Lockheed 20 Tons ~2,600 km Tri-lobe Remote logistics,

Martin hybrid lift, disaster-zone

(Us) hover-cushion access

landing gear,




semi-rigid

frame
Airlander HAV 10 Tons UptoS Hybrid lift Surveillance,
10 (UK) days design, low research, low

emissions,
soft-field

landing ability

environmental

impact logistics




CHAPTER THREE

AIRSHIPS FOR POWER SYSTEM LOGISTICS

The Grid’s Weakest Link

Substations are one of the most vital and vulnerable aspects to the electrical grid
infrastructure. These locations have expensive and incredibly important equipment such
as the power transformer, which performs voltage regulation between transmission and
distribution systems. Unlike circuit breakers and other components commonly found in
substations, transformers are particularly difficult to replace due to their size and
sensitivity to movement as well as the extended time it takes to produce them. When a
transformer fails, it can instigate cascading failures across the grid, especially in areas
where the system is substantially interconnected and redundancy is constrained[18], [32].
A single point of failure at a substation can result in a wide-area outage, long restoration

times, and many people and businesses without power.

This vulnerability is compounded by the growing threat of severe weather, which is
becoming both more intense and more frequent. Substations are often exposed and
unprotected from flooding, high winds, and lightning strikes, all of which can damage or
destroy critical components[33]. Many substations were not originally designed to
withstand the frequency and severity of today’s weather patterns which leaves them at
risk primarily during hurricanes, polar storms, and extreme heatwaves. These high impact
events can incapacitate core components of the grid which is problematic if backup

equipment is limited or logistically hard to deliver. As a result, maintaining substation



operability and securing rapid deployment logistics are becoming central priorities for

resilience planning.

The Weight, Size, and Supply Problem

Power transformers are among the most operationally burdensome components of the
grid. Their size, weight, and sensitivity to mechanical stress makes them exceptionally
difficult to transport. Even mid-sized units can weigh several tons as shown in Figure
4.1. For example, a 2,500 kVA transformer typically weighs 5 tons, or 4,750 kg[34].
Larger substation transformers generally weigh tens of tons like a 10,000 kVA
transformer reaching 15,800 kg, or 17.5 tons[34]. Moving these units often require
specialized trailers, permits, and highly coordinated transport across road, rail, and

barge—all of which depends heavily on intact and accessible infrastructure.

Reference Weight of Utility Transformers
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Figure 3.1. Comparison of transformer capacity to reference weight.[34]



This challenge is exacerbated by an ongoing supply shortage[19], [35]. What used to be a
lead time of 4-6 weeks for many common transformer types has now extended to 18-36
months, with specialized units taking as long as six years to deliver in some cases[19].
These delays are due to increased demand driven by load growth, electrification, and
extreme weather events and by constriction in manufacturing where raw material

shortages and limited qualified producers plague the industry[19].

The U.S. transformer fleet is actively aging, and distribution-level transformers are being
rapidly installed with grid expansions, EV charging developments, and wildfire/hurricane
infrastructure rebuilds. Manufacturers have responded with hundreds of millions in
investments to expand capability, however, these efforts are unlikely to resolve the
problem before the late 2020°s[19]. Meanwhile, utilities continue to face the dual threat
of increased transformer failure risk and inability to source timely replacements, which
slows the recovery time from outages and minimizes resilience. In this context, the
capability to rapidly deploy replacement transformers—particularly in hard-to-reach sites—

becomes a logistical question and a strategic priority for grid resiliency.

While transformer weight presents a clear barrier to efficiency in logistics, size and shape
also poses a different and limiting set of challenges. Components like wind turbine blades
are exceptionally long, stiff, and difficult to maneuver, especially in rural or mountainous

terrain where wind resources are most abundant[36].

Wind turbine blades for smaller units can range from 120 feet to 215 feet, while larger

utility-scale blades can exceed 280 feet in length[37]. Transporting these therefore



requires specialized trucks and trailers with a minimum of ten axles according to a
logistics company. This also includes extensive route planning to navigate narrow roads,
sharp turns, overpasses, and height restrictions[38]. In some cases, utility companies and
turbine developers are required to modify roadways, remove utility poles, or construct

new pathways all together just to deliver this equipment[38].

This added burden significantly increases lead time, environmental disturbance of
ecosystems, and overall project costs. Transporting these blades short distances can cost
between $30,000 to $40,000 while longer distances can surpass $100,000[38], [39]. Even
with more advanced group transportation innovations used to maneuver the blades only
marginally solve the delivery time as these technologies reduce transport speeds, are

sensitive to external conditions, and still require expertly skilled personnel[39].

Recent Events: Substations Under Siege

Recent severe hurricanes have exposed how fragile the substation infrastructure is and
how convoluted the logistics of traditional recovery methods are. During Hurricane Irma
(2017) over 6 million customers across several southeastern states and Puerto Rico lost
power as a result of the strong winds, flash flooding, and tornadoes that damaged vast
amounts of infrastructure[40], [41], [42]. Substations were flooded and transformers were
damaged, leading to cascading outages and extended recovery timelines[41], [42]. The
storm caused road damages which further complicated the restoration process by
delaying the movement of repair teams and delivery of replacement equipment[41].

Evacuation orders and impassable routes caused additional friction in the repair process,



showing how dependent the grid is on functional ground infrastructure and the challenges

associated with the damage when that method of transport is compromised[41].

Further, Hurricane Helene in 2024 provided another perspective of complications during
such extreme weather events. Topography and rural geography played a significant role
in constraining the recovery process from Hurricane Helene. The storm had extreme
rainfall and flooding to western North Carolina and eastern Tennessee, washing out
Interstate 40, a major east-west route connecting the two states, disconnecting transport
lines between regions. Substations located in mountainous and low-lying coastal zones
were severely impacted, with crews unable to reach affected areas due to landslides, road
collapses, and broken dams[35]. Emergency response teams reported delays of over 48
hours in reaching critical sites with over 4 million outages[18], [43], causing grid outages
to persist for longer than anticipated[35]. In scenarios like Hurricane Helene needed a
way to bypass the damaged infrastructure or navigate through the mountainous terrain
quickly to deliver personnel and equipment directly to the disaster zones to cut response

ties and mitigate the extent of the blackouts.

Airships: Unrealized Logistics Solution

As illustrated in recent disasters, one of the most significant limitations in power system
recovery is the inability to deliver equipment rapidly and reliably to compromised
locations. Whether due to washed-out roadways from hurricanes or constricted access

following security incidents, traditional logistics pathways have repeatedly proven



inadequate in emergencies. In this context, hybrid airships present an underutilized and

effective tool to transform how utilities respond to grid failures and damages.

Airships cannot resolve the manufacturing delays affecting the transformer supply chain,
but they can bridge the delivery gap once equipment is available. With the ability to lift
heavy loads and hover directly over a delivery site, airships eliminate the dependency on
roads, bridges, shipping ports, or rail infrastructure, all of which are prone to damage or
congestion in crisis situations[8], [9]. This means that equipment like large power
transformers, mobile substations, or emergency repair crews could be deployed with the

speed and precision needed to bypass restoration delays[44].

Airships also reduce the physical stress on sensitive components by minimizing loading
and unloading events which lowers the risk of in-transit damage. Unlike conventional
multimodal transport systems, involving multiple transfers between trucks, ships, or
trains[45], airships provide direct source to destination movement. This ensures cargo
arrives both intact and on schedule. In an industry where every hour of delay can affect

thousands of lives, this level of reliability is imperative[4], [5], [6].

Further, airships can be strategically pre-stages as mobile disaster response depots near
high-risk zones when extreme weather is anticipated. Equipping them with spare
transformers, switchgears, or other commonly damaged equipment along with modular
repair tools, airship platforms could allow utilities to launch restoration activities
immediately when safe to do so following a disaster. Figure 4.2. provides a direct

comparison between the current disaster response conditions and how responses could be



improved through the implementation of hybrid airships in disaster response. The
adoption of airships in emergency response is a proactive model that has the potential to
redefine grid resilience, shorten outage duration, and reinforce the grid system’s ability to

recover under extreme conditions.

Delayed by Multi-day outages
infrastructure from logistical
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infrastructure ecosystem stress and quicker
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Figure 3.2. Response comparison to recent hurricanes with and without airship

assistance.



QUANTITATIVE ANALYSIS OF CARGO TRANSPORTATION METHODS

In 2023, the United States freight transport was dominated by maritime and surface
modes, with shipping barges moving upwards of 101,486 billion ton-kilometers while air
freight accounted for just 303 billion ton-kilometers[46]. Figure 5.1. displays the
imbalance of the role aviation has in bulk cargo logistics—a consequence of its limited
capacity, high operational costs, and large environmental impact. When it comes to

moving large utility equipment, each mode faces its own set of limitations beyond raw
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volume[23], [46].
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Figure 4.1. Shipment by mode distribution in 2023 in the United States.



Shipping barges boast unmatched capacity, hauling over 1,500 tons at a time, but they are
vastly restricted to navigable waterways and lack route flexibilities, especially when
equipment must be delivered inland. Semi-trucks carry up to 40 tons but depend on intact
roads, bridges, and highways—all of which may be compromised in extreme events.
Helicopters, while extremely agile, typically only lift 0.6 to 2 tons, making them
unsuitable for large equipment. In contrast to these modes, hybrid airships are constantly
emerging with higher payload capacities currently touting over 60 tons in carrying
capacity, combining the accessibility advantages of helicopters with the load-bearing
power of ground and maritime transport. Airships fill the middle ground being capable of

reaching difficult terrain, carrying substation transformer-weight cargo.

Carbon Emissions Sustainability within Cargo Transportation

Air freight is not only minor in scale, but also disproportionately harmful in terms of
carbon emissions. Air freight emits approximately 10 times the grams of CO2 per ton-
kilometer than that of the trucking industry and almost 20 times more than shipping
barges. The current technology utilized for cargo transport in aviation does not align with

the overall sustainability goals of the country.

By contrast, hybrid airships have been shown to produce up to 50 times fewer CO2
emissions than helicopters, dependent upon the load and flight conditions. This positions
them as a drastically more sustainable air freight solution that can access virtually all
regions without incurring the environmental cost typical of aviation logistics. Moreover,

unlike trucks, trains, and barges, airships do not require smooth, flat land, or vast



waterways[46], [47] meaning that there’s no need to disrupt ecosystems with the

development of roads, railways, or ports.



CHAPTER FIVE

REGULATORY, TECHNICAL, AND INDUSTRY PATHWAYS FORWARD

Current Standing and Applications of Airships

Airships were once regarded as a memory of early human flight history but are gradually
reentering the logistics conversation as a legitimate, scalable solution to some of the most
complex challenge facing modern industries[17]. While full-scale deployment remains
limited, the technological evolution in materials, propulsion, and navigation has reignited
interest across both the public and private sectors. Several companies are demonstrating
prototype successes and securing regulatory approvals, partner investments, and early
customers focused on remote locations, emergency response, and environmentally

friendly deliveries.

Current applications remain largely in demonstrative and pilot stages of development, but
several tests and niche deployments show progress to the airship revival. In northern
Canada and Alaska, airships are being examined for use in moving food and medical
supplies to indigenous and rural communities inaccessible by roads for much of the year
due to the extreme weather conditions of the winter seasons[31], [48], [49]. Similarly,
agriculture and resource extraction industries possess interest in using hybrid airships for
delivering fuel, equipment, and labor to difficult terrains without the environmental
damage of additional road construction[8]. These use cases are applicable where

traditional transport options are cost prohibitive or physically infeasible.



At a policy level, the regulatory framework surrounding airship operations is still
evolving to compensate for recent developments. FAA Part 43 provides the maintenance
and airworthiness requirements applicable to U.S. registered aircrafts, including
experimental and hybrid models[20], [21], [50], but it lacks tailored guidance specific to
hybrid airship configurations and capabilities. Despite this gap in regulation, agencies
and operators are actively exploring how to adapt these preexisting boundaries to
accommodate modern designs. In anticipation of continued developments, public and
private initiatives are beginning to appear which encourages coordination between

government organizations and manufacturers to build airship-compatible protocols.

Limitations and Challenges

Even with compelling evidence of the potential modern airships possess, they still face
several barriers to entry that limit widespread adoption. One of the most significant
challenges associated with airship readoption is the heavy reliance on helium which is a
scarce and non-renewable resource that is heavily demanded in other industries as
well[17]. While helium can be recycled within the airship industry, the cost associated
with this, and additional supply concerns persist[17]. Alternatives to helium, like
hydrogen, exist but regulatory restrictions and public fear from the historical accidents

associated with hydrogen airships remain a barrier for this solution[7].

In addition to the lighter than air gas sources, operational challenges include a
vulnerability to strong winds that affect maintaining control of the aircraft when on the

ground as well as a technically complex buoyancy control system[7], [14]. Scalability is



also a concern as airships benefit from increased size, but larger size comes with a larger
upfront cost[7]. When trying to test these larger airships, smaller models need to be built.
It’s hard to build and test smaller airships because the scale influences the overall aircraft
performance which makes it tough to construct for startups to prove valuable and attract
investment[7]. Developing a commercially viable cargo airship often demands an

investment level out of reach of what historically has been financially feasible.

Within the power system sector, these issues are compounded by additional constraints.
Airships intended to carry heavy infrastructure like transformers must prove ultra-reliable
and resilient operations under emergency conditions. These expectations are high
especially for innovations that are still trying to prove their worthiness[15]. Severe
weather and rough terrain, often the scenarios where airships could be most impactful,

are also the most punishing for experimental technologies.

With no clear rules yet about where and how large hybrid airships can fly, regulatory
ambiguity makes it difficult to plan safe and legal routes to start testing this new
technology in emergency response. Industry hesitation to adopt unproven systems means
utility companies will remain reluctant without government backing and corresponding
regulations[15]. Until airships can demonstrate a consistent, scalable performance under

real-time grid logistics crises, they will remain a promising but peripheral solution.

Roadmap to Full Integration

For hybrid airships to fulfill their potential as critical logistics solutions in the power

sector, the surrounding regulatory framework must be modernized to match the changing



climate. Currently, these aircrafts fall under the 14 CFR Part 21 from FAA, which
discusses the certification of aircraft products and parts[20]. While this offers a baseline,
it was constructed primarily for conventional fixed-wing aircrafts, not for the hybrid

airships seen emerging today.

Airships occupy a regulatory grey zone for their overall function in the sky. FAA
Advisory Circular 21.17-1 provides provisional guidance under Section 21.17(b) for
special class aircraft[20], but this guidance leans heavily on legacy models such as blimps
or military surveillance[14]. It lacks the specificity required to certify large-payload
hybrid cargo airships intended for post-disaster deployment. Existing documentation,
such as FAA-P-8110-2[22], references cargo transport capabilities but offers no
operational policies or criteria tailored to the airship’s role in grid resilience or
emergency response scenarios. Operational rules similarly omit language enabling

emergency priority use cases or infrastructure-critical logistics.

In parallel, NERC and federal energy agencies should begin incorporating airship
logistics into resilience planning. As threats to substation infrastructure from weather
escalate, policy must reflect the need for rapid independent-response logistics. This
includes pre-positioned hybrid airships equipped for emergency delivery, aerial
deployment of personnel, and high-risk route access mapping during blackouts.
Currently, there are no governmental incentives to encourage utilities to explore these
methods. By funding pilot programs, creating reliability standards that recognize the
aerial logistics capabilities, and developing interoperability protocols, agencies like

NERC can build the policy infrastructure needed to unlock the airships industry.



To build trust in this technology and truly establish the value proposed, real-world testing
is required. Deployments should be actively evaluated during emergency response
scenarios, whether as part of scheduled disaster drills or in the aftermath of catastrophic
events. These tests should compare traditional truck- and rail-based response systems
against the airship methods in terms of response speed, operational flexibility, access to
damaged areas, and power restoration time. Performing this comparison will provide the
empirical data necessary to inform future investments, guide regulation, and propel
industry confidence. Without deliberate testing and documentation of airship

performance during crises, their potential will remain theoretical than practical.

o Federal Aviation Administration

. Modernize airworthiness standard specific to airships
. Tailored regulatory section on cargo airship operations
. Dedicate airspace and protocols for emergency logistics missions

e North American Electric Reliability Corporation

. Incorporate aerial logistics capabilities of airships in resilience planning
. Regard airship-based restoration as best practice to response time

o Department of Energy

. Provide funding to programs that test airship deployment in disaster

scenarios
. Incentivize partnerships between utilities and airship designers

o Power System Industry

. Participate in early trials to assess real-world performance in an outage
. Integrate airship logistics into disaster preparedness
. Advocate for policy support and investment

e Department of Transportation

. Collaborate with the FAA to ensure regulatory alignment

for intermodal logistics
. Adjust freight infrastructure planning to accommodate
airship ground operations

Figure 5.1. Recommendations for stakeholders in the airship adoption process.



CHAPTER SIX

CONCLUSION

This resurfaced focus on airships is not speculative, it is grounded in real challenges with
current logistics, environmental limits, and disaster response readiness. Airships bring a
convergence of capabilities with VTOL, minimal ground infrastructure, and significantly
lower emissions. These features make hybrid airships optimal for operation in

environments where traditional freight systems are ineffective or entirely inoperable.

As extreme weather events grow in frequency and magnitude and the infrastructure
continues to age and be heavily loaded, limitations of conventional emergency response
logistics become harder to cope with. The power grid, and particularly substations,
cannot afford delays in restoration when a lack of power deeply impacts lives. Hybrid
airships offer a scalable, sustainable solution that fills logistical gaps during crises and

supports long-term decarbonization goals.

Integrating these aircrafts into utility logistic planning will not be a simple task. It will
require regulatory adoption, industry acceptance, and performance validation. However,
the foundation to this process is already in place as technologies are always advancing,
companies are developing airships for research, and policy conversations are being held.
This thesis contends that the path forward to resiliency within the energy sector is

through airships.
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