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R E S I L I E N C E  I N  T H E  A V I AT I O N  I N D U S T R Y

During the peak of the COVID-19 crisis, government- 
mandated air travel restrictions, bans, and quarantine 
measures resulted in unprecedented disruption and 
financial loss in the aviation industry. Today — despite 
worker shortages, high fuel costs, airfare increases, and 
sustained schedule disruptions — air travel demand is 
returning to pre-pandemic levels, and the industry is 
returning to a state of profitability. 

However, a return to profitability will not pro-
tect the industry from the next disruptive event. 
Instead, implementing integrated resilience 
measures across the aviation ecosystem will 
be critical to ensuring long-term economic via-
bility. Emerging technologies, regulations, and 
changes in demand can serve as cornerstones, 
putting pressure on industry players to become 
active participants in creating a more integrated 
operating model. 

As uncertainties linger around recovery profiles, 
the economic outlook, and supply chain stresses, 
industry stakeholders seek to de-risk their oper-
ations and deliver greater robustness. They are 
also working on artificial intelligence (AI) and 
sustainability initiatives that will be transforma-
tive for the industry.

Approaches to change have not been even and 
will continue to cause discrepancies between 
players, both within and across subsectors. This 
will have a significant effect on competitiveness 
between airlines, airports, and nations as hubs. 
There is a clear need for a collaborative approach 
to ensure a level of consistency and cooperation 
between players to deliver long-term success for 
the industry and, thus, consumers. 

The pace of change requires stakeholders to take 
a “clean slate” approach in an industry that has 
historically relied on incremental adjustments. 
Legacy systems, fragmented regulation, and vol-
atile profitability will not make this journey easy, 
but it is now widely recognized that fundamental 
change across the value chain is critical to com-
panies’ survival — as well as an opportunity to 
thrive. 

This issue of Amplify explores the first steps 
being taken by various aviation industry players. 
Their efforts are laying the groundwork for future 
attempts to deliver a more efficient, resilient, 
adaptable, and sustainable industry. 

B Y  J I M  M I L L E R  A N D  S A B I N E  R E I M ,  
G U E S T  E D I T O R S
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I N  T H I S  I S S U E

In our first article, Fabian Steinmann offers 
concrete suggestions for improving the air 
transport industry’s resilience. Steinmann says 
to achieve resilience in operations, air trans-
port operations should simultaneously upgrade 
system design, system preparedness, system 
response, and system change. System-design 
improvements include increasing capacity 
buffers, so a single runway disruption doesn’t 
ripple through a network, as has been the case in 
the UK. System preparedness involves deploying 
additional resources in the case of large events 
or strikes, proactively reducing flights before 
large storms, and improving connections 
between air transport companies and weather 
forecast providers. System change requires 
reviewing lessons learned from disruptions 
while considering proactive measures — always 
remembering that improvements in one area of 
the network may cause issues in other areas.

Next, Cutter Expert Curt Hall looks at how AI, 
cloud computing, big data, machine learning 
(ML), computer vision, and Internet of Things (IoT) 
are being leveraged to combat disruptive forces 
such as pandemic-caused economic uncertainty, 
growing public awareness of climate change, and 
rising fuel prices. Hall describes which airlines 
are using which technologies for what purpose, 
such as shifting to cloud applications to help 
them scale and deploying AI to increase fuel 
efficiency and solve crew-staffing problems. 
Predictive analytics are helping airlines with 
weather forecasts, flight operations (reducing 
speed or altitude to lower fuel costs), and air-
craft selection. On the ground, a combination 
of AI, IoT, and ML is reducing turnaround times, 
streamlining gate assignments to reduce taxi 
times, and even reducing food waste. 

Following Hall’s piece, David Hart and Andrew 
Cunningham address economic-regulation risks. 
The authors delve into the distinct approaches 
recently taken by the UK Civil Aviation Authority 
(CAA) and the Irish Aviation Authority (IAA). CAA 
allocated an additional amount of money that 
airlines would pay back over a long period to 
offset the economic damage from the pandemic 
to Heathrow Airport Limited. IAA reacted in real 
time, suspending many regulations at Dublin 
Airport and ensuring monetary support would 
be forthcoming from the national government. 
Both airports have recovered well from the 
pandemic-caused downturn, and the authors say 
one’s view of the pandemic (was it a one-off? a 
predictor of large future shocks?) affects any 
final conclusion on which approach was the 
right one.

O N  T H E  G R O U N D , 
A  C O M B I N A T I O N 
O F  A I ,  I O T ,  A N D 
M L  I S  R E D U C I N G 
T U R N A R O U N D 
T I M E S ,  S T R E A M -
L I N I N G  G A T E 
A S S I G N M E N T S 
T O  R E D U C E  TA X I 
T I M E S ,  A N D  E V E N 
R E D U C I N G  F O O D 
W A S T E 
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Our fourth article, authored by a group from the 
National Renewable Energy Laboratory, presents 
a roadmap for creating a more sustainable avi-
ation ecosystem. The authors first explain the 
interdependencies in the ecosystem, including 
between infrastructure, communications and 
technology, energy justice, energy solutions, 
human systems, and transportation networks. 
They then look at solutions such as sustainable 
aviation fuel, hydrogen-based fuels, and elec-
tric propulsion systems. The authors conclude 
by describing the benefits of taking a holistic 
approach in which industry, federal, and state 
entities collaborate to help the aviation industry 
reach its decarbonization goal.

Finally, repeated Amplify contributor Ralph 
Menzano posits that airports can be viewed as 
microcosms of cities and, as such, offer impor-
tant lessons to public sector entities around 
the world. Specifically, emulating the strategies 
used by airports during the pandemic could help 
municipalities and others become more resil-
ient. Airport leaders moved quickly to shut down 
terminals and gates, adjust flight schedules and 
staffing, and change parking systems — then 
pivoted to delivering vaccines and medical sup-
plies rather than passengers. Leaders also made 
sure they were ready to resume expansion plans 
and hit revised passenger targets as soon as 
restrictions eased. Menzano points to strategies 
and technologies other public sector entities 
could benefit from, including sustainable pro-
grams (airports are adopting electric vehicles to 
transport passengers and luggage and deploying 
goat herds to maintain dense scrub vegetation), 
virtual assistants to help customers navigate 
complex websites, and personnel programs that 
simultaneously promote equity and diversity. 

We will closely watch the strategies and tech-
nologies being used by major players and others 
as they work to boost the airline industry’s resil-
ience. Of particular interest is the potential for 
players to come together to create a more inte-
grated operating model that helps the industry 
more easily weather the next disruptive event. 

O F  P A R T I C U L A R 
I N T E R E S T  I S  T H E 
P O T E N T I A L  F O R 
P L AY E R S  T O  C O M E 
T O G E T H E R  T O 
C R E A T E  A  M O R E 
I N T E G R A T E D 
O P E R A T I N G  M O D E L
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Resilient systems adapt to changing circum-
stances quickly and effectively, but they require 
effective communication, cooperation, coordi-
nation, and collective action from stakeholders. 
Neglecting these elements results in fragmented 
efforts, hindering the system’s ability to respond 
cohesively to disruptions. Conversely, paying 
attention to interorganizational dynamics pro-
motes cohesive responses, helping systems adapt 
and thrive in the face of changing circumstances. 

During a recent discussion on resilient and sus-
tainable infrastructure, Northeastern University 
Professor and Founding Director of the Global 
Resilience Institute Stephen Flynn remarked: 
“There is no point being an island of resilience in 
a sea of fragility.”1 In air transport, that translates 
to the fact that airlines can no longer focus solely 
on their own operations; successfully transporting 
people from A to B requires coordination between 
multiple parties. Security staff, ground handlers, 
air traffic control, and public transport companies 
that get passengers to and from terminals play a 
vital part and have the potential to slow down (or 
break) the entire operation. 

Clearly, we must take a more holistic view. This 
approach requires strengthening interorgani-
zational interfaces; analyzing bottlenecks; and 
focusing on improving resilience before, during, 
and after a disruptive event.2

4  E L E M E N T S  O F 
O P E R A T I O N A L  
R E S I L I E N C E 

Achieving operational resilience involves prac-
tices and conditions that span four overarching 
elements: system design, system preparedness, 
system response, and system change. These ele-
ments work in unison to provide a comprehensive 
perspective on air transport resilience. 

1 .  S Y S T E M  D E S I G N

System design focuses on the setup of an opera-
tion and the amount of excess capacity incorpo-
rated into the network as a buffer. The larger the 
buffer, the better a network copes with natural 
operation deviations and unexpected disruptions.3 

Augmenting buffer capacity enhances the poten-
tial for a resilient operation, but it can adversely 
affect network efficiency. Those responsible for 
the network must manage this trade-off.4 A good 
first step is to quantify maximum network uti-
lization to create a benchmark for estimating 
remaining headroom. 

For example, in 2017, the UK Civil Aviation 
Authority (CAA) conducted a review investigating 
the trade-off between level of punctuality and 
increase in flight movement.5 It concluded that 
runway usage at the six major UK airports had con-
tinuously increased, causing congestion. With little 
buffer capacity left, the network had become so 
brittle that diversion issues at one airport quickly 
affected the entire network. 

Interconnected systems and networks are defining features of modern society in an 
increasingly complex world. They influence one another in unpredictable ways, and 
disruptions have the potential to create significant ripple effects. We see this in air 
transport operations, which rely on a complex, interconnected network of technologies, 
processes, and people. Industry experts are acknowledging this complexity and recog-
nizing the need for a more resilient approach. 

Author
Fabian Steinmann
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The report found that no new ground infrastruc-
ture was planned for in the coming years and pre-
dicted that, with the projected increase in flight 
movements, the issue of limited buffer capacity 
would be amplified. Report authors said it would 
be essential to collectively work on the network’s 
resilience to maintain a high level of safety and 
meet consumer interest. Prior to that point, no 
shared obligations existed to tackle the resilience 
of the UK air transport system. 

A cross-industry working group was formed and, 
today, the major UK-based airlines, airports, air 
traffic control service provider, the regulator, 
and other aviation stakeholders are part of the 
Industry Resilience Group (IRG).6 IRG’s main objec-
tive is to work on improved situational awareness 
through information exchange and better data 
collaboration. 

The CAA report focused on constrained airspace 
and runway capacity. But as passenger numbers 
increased and operations ramped up during the 
summer of 2022, other bottlenecks that could 
significantly impact overall performance, such as 
the security clearance process, became apparent.7 
Achieving resilience across the network requires a 
holistic approach that takes into account various 
processes and interorganizational interfaces. 

More reviews of critical network parts provide 
better visibility into the true remaining buffer 
capacity and help stakeholders make more tar-
geted investment decisions. For example, Ryanair 
invested a substantial amount of money in 
ground-handling equipment at its main UK hub, 
Stansted Airport, as quick turnaround times are a 
key part of its operation.8 Note that investments 
do not necessarily always need to involve physical 
infrastructure; they could include better use of 
available data or increased/enhanced training. 

Another critical part of system design is 
establishing a consistent audit system. Internal 
processes, stakeholder interfaces, and the envi-
ronment continue to change and impact the opera-
tion and its embedded buffer capacity. Changes in 
operations or external environment can affect risk 
profiles, and audits help leaders evaluate whether 
or not existing barriers are sufficient to mitigate 
emerging threats, helping to stabilize operations.

2 .  S Y S T E M  P R E P A R E D N E S S

Anticipating possible disruptions is critical to 
enhancing resilience.9 Close monitoring of avail-
able data is important, and a network must be 
able to translate early, weak signals of danger 
into potential safety concerns. For instance, the 
UK’s main air navigation service provider, NATS, 
compiles a list of special occasions that could 
impact operations. This includes state visits and 
sporting events with the potential to create addi-
tional stress to the network.10 This type of added 
demand requires additional buffer capacity, such 
as increasing the number of air traffic control 
officers on duty. 

Another practical example of successful mitigation 
occurred around Christmas 2022. On 7 December, 
the UK Border Force declared a plan to go on strike 
from 23 December to 26 December and again from 
28 December to 31 December — extremely busy 
travel periods. A reduction in flight schedules 
would have caused massive economic loss for air-
lines and airports, ultimately affecting thousands 
of people. Instead, the UK government decided 
that army personnel would be trained and put in 
place to screen passengers to limit the effects of 
the walkout on passenger flights.11 

Of course, deploying additional resources is not 
always an option. In those cases, proactively 
reducing performance output can be a good 
option, especially in situations where demand 
for resources outweighs available supply. For 
example, airlines might choose to cancel flights 24 
or 48 hours in advance of a severe weather event. 
This circumvents the need for airlines to cancel 
numerous flights on the day of the storm, which 
tends to result in large numbers of diversions, 
thousands of passengers stranded at airports, and 
crews and aircraft left out of position for the next 
day’s operations. 

Proactively reducing flights results in more stable 
operations compared to planning a full flight 
program and reacting tactically to issues on the 
day. It can also be cost-effective to make deeper 
cuts than strictly necessary to ensure a fresh 
start the following day, rather than having dis-
ruptions affect operations for days. Willingness 
to proactively sacrifice parts of the operation 
for the greater good can strengthen operational 
resilience. 

1 0
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IRG is working to reinforce the connection between 
the UK’s weather forecast provider and air trans-
port stakeholders to ensure that operational plan-
ning is based on up-to-date, accurate data. This 
helps ensure that an appropriate number of flights 
are cancelled in response to expected weather 
conditions. 

3 .  S Y S T E M  R E S P O N S E

This element of resilience combines emergency 
management, business continuity, disaster 
recovery, and several other reactive management 
concepts. Early detection of a disturbance helps 
networks contain the damage and stop the failure 
from spreading. In an increasingly interconnected 
world, organizations should establish effective 
communication channels to promptly inform the 
network and minimize operational impacts. Lack 
of communication can impede timely situational 
awareness, creating a barrier to system resilience. 

Preestablished response plans are often put in 
place for events or threats that occur with rel-
ative frequency. The efficiency of this response 
hinges on the design principles described above, 
including redundant systems, buffer capacity, and 
other measures. These can minimize the impact of 
disruptions to network operations. 

As stated in the CAA report, the network was at 
risk of being overwhelmed if an airport closure 
occurred due to increased runway use. This posed 
a threat because diversions could not be managed 
at other airports without significantly impacting 
operations. Therefore, in a collaborative effort, IRG 
produced a mass-diversion protocol for a single 
runway closure at any UK airport. The protocol 
contains a list of pre-allocated slots at several UK 
airports that provide air traffic control officers 
with an overview of the available buffer capacity 
at individual airports so they can efficiently 
distribute diverted aircraft.

For some events, no exact preplanned response 
is available, especially when events are so severe 
that internal resources of individual organizations 
are overwhelmed and additional resources are 
required. The response to these types of events 
usually involves multiple stakeholders, requiring an 
effective governance structure for communication 
and coordination.12 

Local resilience forums in the UK can provide air-
ports with the necessary additional resources to 
handle such events. The forums are multiagency 
partnerships comprising the National Health 
Service, local authorities, emergency services, and 
other stakeholders that airports wish to include.13 
Efficient resource management and a coordi-
nated approach among multiple stakeholders in a 
dynamic situation require an effective governance 
structure. Regular training exercises can enhance 
interface capabilities, promote familiarity among 
staff working with other entities, and generate a 
shared understanding of workflow. 

Following severe events, the priority is to recover 
rapidly to an acceptable level of performance. This 
aspect of resilience, often referred to as “bouncing 
back,” emphasizes achieving a high repair rate 
and restoring functions promptly to reach 
pre-disruption performance levels.

The pandemic illustrated that some events do 
not permit an immediate recovery, necessitating 
instead a focus on survivability. During such 
events, the focus shifts toward survival, and organ-
izations may adopt an emergency configuration. 
The pandemic provided multiple examples of this: 
London’s Heathrow Airport closed entire terminals 
to save costs, and airlines converted passenger 
aircraft into cargo planes, helping to transport 
essential goods around the world and creating a 
vital source of airline income.14,15 

During these unprecedented occurrences, net-
works undergo a re-synchronization process, dra-
matically altering dynamics. This creates the need 
to reevaluate and possibly reconfigure vital con-
nections and interfaces, emphasizing the need for 
an adaptable governance framework to facilitate 
secure and smooth adaptations during a crisis.

E A R LY  D E T E C T I O N 
O F  A  D I S T U R B A N C E 
H E L P S  N E T W O R K S 
C O N TA I N  T H E 
D A M A G E  A N D  
S T O P  T H E  F A I L U R E 
F R O M  S P R E A D I N G
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4 .  S Y S T E M  C H A N G E

The last element of resilience involves “bouncing 
forward.” After recovering from a disruption, 
networks should seize the opportunity to review 
the incident and pinpoint lessons learned. This 
introspective process involves both contemplating 
potential improvements and recognizing the posi-
tive aspects, ensuring the preservation of effective 
practices for future events.16 

Network enhancements aren’t restricted to 
learning from past events; they can stem from 
proactive measures. It is essential to note that 
apparent improvements in one area of the network 
may inadvertently produce side effects in other 
parts, potentially compromising the network’s 
stability. 

Before introducing modifications, it is essential to 
perform risk assessments and network analyses 
to detect possible repercussions, and communi-
cating these adaptations throughout the network 
is crucial. The UK Airspace Change Organising 
Group (ACOG) is a good example of this type of 
change; it aims to strengthen the resilience of the 
UK airspace in the long term.17 The UK’s airspace 
design was created in the 1950s and 1960s, and 
although the design has evolved and new airways 
have been added, traces of the relatively simple 
original design can still be seen in today’s complex 
UK airspace structure.18 

With the number of flights expected to rise in the 
near future, the UK government acknowledges a 
need to update and redesign the country’s air-
space in its Airspace Modernisation Strategy.19 Of 
course, such a significant transformation presents 
its own set of challenges. ACOG is responsible 
for identifying the benefits, disadvantages, and 
trade-offs, while ensuring effective communica-
tion with all relevant stakeholders. Although some 
of these changes are several years off, networks 
should consider them now, as implementing these 
changes may require considerable time. Achieving 
long-term adaptability is a crucial element of 
resilience.

C O N C L U S I O N

Resilience is a multifaceted concept, involving 
system design, system preparedness, system 
response, and system change. Various tools and 
principles are available for each of those elements 
to support organizations and networks as they 
strive to become more resilient. There are mul-
tiple forums working to establish a more holistic 
view on the concept of resilience and promote 
the interorganizational element. Achieving resil-
ience is a team effort, so organizations need to 
come together to work on strengthening resilience 
across the network.
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Today, the cost of aviation fuel remains one of the 
most unpredictable issues facing the industry, 
uncertainty that’s exacerbated by the war in 
Ukraine and ongoing troubles in the Middle East.1 
The industry is also under increasing pressure 
to reduce its carbon footprint and other climate 
impacts from governments, shareholders, grass-
roots initiatives, and green-conscious consumers 
inspired by celebrity climate activists like Greta 
Thunberg, who has challenged consumers to 
consider their participation in air travel through 
“flight shaming.”2

Airlines are preparing for future disruptions by dig-
itally transforming aircraft operations and other 
commercial activities to make them more resilient 
and competitive in the face of current and future 
threats. This includes investing in artificial intel-
ligence (AI) and supporting technologies, specifi-
cally cloud computing, big data, machine learning 
(ML) and other advanced analytics, computer 
vision, and the Internet of Things (IoT).

This article examines how airlines are striving 
to remain competitive and respond to threats in 
turbulent times by applying AI, cloud, and analytics 
technologies in two main areas:

1. Flight operations, such as flight planning/routing 
and crew planning/scheduling

2. Ground operations, such as gate assignments, 
maintenance, and other aircraft turnaround 
operations

M A S S  M O V E M E N T  
T O  T H E  C L O U D

Airlines are increasingly moving their IT opera-
tions to the cloud to alleviate issues associated 
with modernizing their legacy systems and to 
leverage the dynamic scaling capabilities of cloud 
architectures and applications. This includes more 
efficiently implementing new applications that 
can take advantage of AI, IoT, ML, mobile, and other 
emerging technologies. Over the past few years, 
many major airlines have announced partnerships 
or undertaken important projects with leading 
cloud-platform providers:

 – American Airlines. Microsoft Azure is the pre-
ferred cloud platform for this airline’s digital 
transformation efforts. This includes migrating 
its strategic operational workloads (data ware-
housing and legacy applications) into a single 
operations hub running on Azure, which the airline 
sees as essential to increasing the efficiency of its 
operations and meeting its sustainability goals.3

The airline industry is grappling with a number of disruptive forces: an economic 
hangover from the pandemic, uncertainty about fuel availability and costs, and  
growing public awareness of climate change and the impact that air travel has on  
global warming. Like other travel-related industries, the airline industry was largely 
unprepared for the pandemic. It was forced to take drastic measures to keep oper-
ating in a highly unpredictable environment that disrupted flight operations worldwide, 
trashed bottom lines, and left a sour taste in the mouths of countless customers.
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 – Delta Airlines. Delta is using Amazon Web 
Services (AWS) as its main cloud provider, 
including its digital business transformation 
efforts and developing secure infrastructure 
that will support more data-driven insights. 
Delta is training employees on AWS to increase 
cloud adoption and further the development of 
client-facing and internal applications.4

 – Lufthansa Airlines. Although it’s using sev-
eral cloud providers (AWS, Microsoft Azure, and 
Google), Lufthansa has made Google a strategic 
partner in optimizing its airline operations. This 
includes combining previously disparate systems 
and data sources into a unified platform using 
Google’s cloud infrastructure and ML capabilities.5

 – Scandinavian Airlines. This airline is using 
Microsoft Azure to lower infrastructure costs and 
gain agility for its development teams, including 
Azure data center services and ML tools to build 
predictive models to support its operations.6

 – Southwest Airlines. Southwest is using AWS, 
its preferred provider, to carry out a large-scale 
modernization of its data architecture using a 
cloud data warehouse. The airline plans to deliver 
cloud-based analytics to data scientists, analysts, 
and business users across all of its operations.7

 – Swiss International Airlines. This airline has 
a broad partnership with Google to use cloud 
technology, including AI. It has developed a 
flight-operations platform that integrates data 
from various operating units to make the airline 
more efficient and sustainable.8

 – United Airlines. United uses AWS as its preferred 
cloud provider, including supporting its digital 
innovation initiatives with cloud-based ML, IoT, 
analytics, data management, computing, storage, 
and security services.9

Note that many of the AI applications discussed 
in this article were developed and deployed on 
commercial cloud platforms.

A I  A P P L I C A T I O N S  F O R 
F L I G H T  O P E R A T I O N S

Flight operations involve a range of activities 
necessary for the safe and efficient operation of 
aircraft. Table 1 provides an overview of AI appli-
cations in use or under development by airlines 
for flight operations. These applications do not 
represent all those deployed or in development, 
but they are a good cross-section of the types of 
applications airlines are developing and the tech-
nologies they are using.

According to the information provided in Table 1, 
airlines are applying AI to support flight operations 
in two main areas:

1. Flight planning, such as assisting planners in 
developing more optimized and fuel-efficient 
routes

2. Crew planning and scheduling, such as helping 
airlines solve crew-staffing problems 

In general, airlines are implementing AI applica-
tions with the goal of applying prediction, analysis, 
and forecasting capabilities to add flexibility and 
resiliency to their operations (including more effi-
cient utilization of aircraft and support services 
and the ability to recover quickly and efficiently 
from disruptions) and to support their customer 
experience (CX) and sustainability initiatives.

The major airlines are also implementing com-
prehensive applications designed to facilitate 
AI-based scenario planning for a range of flight 
operations. For example, the software could offer 
suggestions to planners on optimizing flight 
schedules based on changing weather forecasts 
or predicted airspace congestion.

Increasingly, airlines are implementing AI appli-
cations that can consider multiple factors (e.g., 
impact on sustainability, resiliency, and CX) 
when generating decisions or offering advice. 
Additionally, because they are designed to support 
multiple airline hub operations, these applications 
can employ big data analytics and ML to integrate 
and analyze data sourced from various operational 
systems. 
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AIRLINE APPLICATION/DESCRIPTION 

Air New Zealand Uses AI for aircraft routing, including fuel-optimization planning for long-haul 
flights; this generates more fuel-efficient flight plans, including recommen-
dations on avoiding headwinds to eliminate unplanned fuel stops due to 
inclement weather; application can recommend changes in aircraft speed/ 
altitude to optimize fuel efficiency (e.g., to take advantage of tailwinds). 

Alaska  
Airlines 

Uses Airspace Intelligence’s route-mapping tool to suggest flight routes based 
on ML analyses of real-time weather and air traffic patterns, helping dispatchers 
create flight plans less prone to revision; benefits include more predictable flight 
operations and arrival times (including better CX), reduced fuel consumption, 
more cost-effective operations, and reduced CO2 footprint; after a six-month 
pilot, Alaska Airlines reduced its fuel use by 480,000 gallons and trimmed nearly 
4,600 tons of CO2 emissions. 

American 
Airlines 

Uses a hub-efficiency analytics application running on Azure Cloud Services; 
application uses cloud storage, analytics, and ML to integrate and analyze data, 
such as routing, weather, aircraft load factors, customer connecting flight 
information, gate availability, and runway availability. 

British  
Airways 

Testing an ML analytics system that examines flight plans using real-time data 
from the Global Air Traffic Control database and suggests faster routes; this 
optimizes aircraft flight times, reduces delays, and saves on fuel. 

Garuda 
Indonesia  

Deployed CAE Crew Planning and CAE Crew Management to automate and 
digitize its aircraft crew management operations; applications use AI/ML 
resource planning tools to optimize crew schedules, forecast crew resources, 
ensure safety standards compliance, and support fast recovery from disruptions. 

Lufthansa 
Airlines 

Partnered with Google to develop Operations Decision Support Suite planning 
tool that integrates data from Lufthansa’s core systems; software uses data on 
aircraft rotation, passenger management, crew management, and technical fleet 
management to optimize flight operations, including more efficient aircraft use; 
also uses a Google Cloud application designed to reduce CO2 emissions via 
efficient aircraft usage, AI-enabled scenario planning, and ML analysis of weather 
patterns and aircraft fuel efficiency gained through optimized routing. 

Southwest 
Airlines 

Moved its data warehouses and analytics to AWS (Amazon Redshift); uses  
AWS storage, containers, ML (Amazon SageMaker), and services to optimize 
operational applications that support flight operations and gate assignments.  

Swiss 
International 
Airlines 
 

Developed a new operations platform on Google Cloud that uses data from 
various units and processes within the airline (e.g., passenger itineraries, aircraft 
assignments, crew rostering, and aircraft maintenance) to propose optimum 
scenarios for keeping flight operations as stable and efficient as possible; uses 
Google Cloud forecasting models to predict wind/weather patterns for route 
planning/fuel optimization. 

United Airlines Implementing a company-wide analytics and ML program running on AWS and 
developing cloud applications and services that can scale efficiently to meet 
demand, helping to optimize flight scheduling and other aircraft operations; uses 
IoT and Amazon SageMaker ML tools to predict irregular operations and respond 
faster to potential delays. 

Table 1. AI airline applications for flight operations — flight planning/routing/fuel optimization/aircraft 
utilization/crew scheduling/sustainability/recovery
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For example, Lufthansa is experimenting with 
Google’s Vertex AI Forecast service to better pre-
dict the Bise wind, which blows from the northeast 
to southwest in Switzerland and can have a major 
impact on flight schedules. Google says the service 
can accurately predict the Bise hours in advance 
with a more than 40% relative improvement in 
accuracy over Lufthansa’s internal heuristics.10 

F L I G H T  P L A N N I N G ,  R O U T I N G  
&  F U E L  O P T I M I Z A T I O N

Most major airlines are using some form of AI to 
optimize their aircraft flight-planning and routing 
operations. Goals include reduced flight times, 
fewer unscheduled interruptions, and better fuel 
consumption (allowing aircraft to fly longer routes 
without having to land and refuel).

These goals both improve the CX and reduce CO2 
emissions, supporting airline sustainability efforts. 
The ability to conduct longer flights also helps 
airlines meet growth initiatives, giving them the 
ability to fly to new destinations and/or service 
new markets.

A D V A N C E D  W E A T H E R  M O D E L I N G

Airlines are also focused on improving their 
weather modeling. This includes applying predic-
tive analytics and other ML techniques to develop 
applications that not only support more accurate 
weather forecasts but also recommend changes in 
aircraft flight operations (e.g., reduced speed, alti-
tude) to optimize fuel use and shorten flight times. 

Several airlines are turning to AI experts at major 
cloud providers to assist their efforts. Lufthansa 
and Swiss International are both working with 
Google to build predictive analytics for advanced 
weather modeling, and other airline flight opera-
tions using BigQuery and Vertex AI.

A I R C R A F T  U T I L I Z A T I O N / 
F L I G H T  R O T A T I O N 

Flight rotation management (FRM) is the process of 
selecting the aircraft best suited for a particular 
flight, and it’s key to optimizing flight operations 
and decreasing fuel consumption. 

Aircraft selection is a complex problem that must 
take into account aircraft availability, capacity, 
range, fuel consumption, weather, and mainte-
nance schedules. Consequently, airlines have made 
FRM a key target for applying AI. Several airlines 
are experimenting with AI as a tool to improve FRM, 
including Lufthansa.11

C R E W  S C H E D U L I N G

Airlines are upgrading their crew management 
capabilities to optimize flight operations and 
improve their ability to respond to staffing prob-
lems. To meet their needs, vendors of commer-
cial airline solutions are building AI and analytics 
into their tools. For example, CAE (a Canadian 
manufacturer of simulation technologies) has 
added ML to its crew-planning/crew management 
resource-planning tools to improve crew-resource 
forecasting and help airlines recover faster from 
disruptions (e.g., a storm that results in large 
numbers of crew members not being able to get 
to their assignments).

A I  I N  G R O U N D  O P E R A T I O N S

Airline ground operations include aircraft gate 
scheduling and assignment and the many other 
activities and processes required to maintain 
and prepare an aircraft for flight. Table 2 pro-
vides an overview of AI applications currently in 
use or under development by airlines for ground 
operations.

Table 2 describes applications in which airlines 
are combining AI with IoT, predictive analytics 
and other ML techniques, mobile, and machine 
vision technologies to perform aircraft mainte-
nance (including predictive maintenance) and to 
optimize their gate-scheduling and various other 
aircraft-turnaround activities.

The efficiency with which ground operations are 
conducted can have a huge impact on airline flight 
operations. Consequently, airlines are intensely 
focused on applying AI to ground operations as 
a way to improve overall operational efficiency, 
reduce turnaround times, and streamline gate 
assignments to eliminate confusion and reduce 
the need for lengthy taxis.

1 8

A M P L I F Y

V O L .  3 6 ,  N O .  5



These goals are also essential to reducing fuel 
usage, which would lower costs and reduce CO2 
emissions (helping airlines meet their net-zero 
goals). The ability to maintain on-time departure 
and arrival schedules also has a positive effect 
on passenger satisfaction and can help airlines 
comply with regulations.

I N T E L L I G E N T  
G A T E  A S S I G N M E N T

Gate assignment is complex. It must take into 
account walking distances for passengers 
(including transfers), baggage-handling distances, 
connecting flight schedules, aircraft/gate-size 

AIRLINE APPLICATION/DESCRIPTION 

Alaska  
Airlines 

Deployed Aermetric’s cloud-based maintenance and logistics hub platform; uses 
IoT, big data, and ML to provide near-real-time analytics for inter-fleet health 
monitoring, including chronic issue identification and predictive maintenance  
for smart aircraft fleet management; this increases aircraft availability while 
providing substantial savings in reduced unplanned maintenance. 

American 
Airlines 

Uses intelligent gating application at DFW airport; analyzes data in real time, 
including routing and runway information, to automatically assign the nearest-
available gate to arriving aircraft; this has reduced manual gate assignment 
workload and taxi times by about 10 hours per day; also uses mobile app 
ConnectMe, which lets maintenance personnel, ground crew, pilots, flight 
attendants, and gate agents collaborate to increase on-time departures and 
accelerate aircraft turnaround times. 

British  
Airways 

Uses Assaia ApronAI smart video system to record every moment from when an 
aircraft arrives at the airport to its departure; this helps turnaround teams 
monitor numerous tasks (e.g., fueling, cleaning, baggage handling, catering, 
loading, and unloading), alerting them to issues that could delay departure; also 
uses ML to adjust volume of fresh food loaded onto individual flights to help 
meet customer demand while minimizing waste. 

Greater Toronto 
Airports 
Authority 

Deployed Assaia ApronAI smart video system to optimize operations at Toronto 
Pearson International Airport’s 106 gates; system monitors aircraft turnaround 
processes in real time, capturing and analyzing data used to highlight and 
address inefficiencies and provide accurate estimates of timeliness to increase 
gate availability, improve on-time performance, and provide accurate 
information to passengers. 

Lufthansa 
CityLine 

Uses a smart video system to monitor aircraft turnaround and reduce flight 
delays; developed by zeroG (part of Lufthansa Systems) and based on Microsoft 
Azure Video Analyzer (Azure Stack Edge service); provides auto-generated,  
near-real-time data of what happens during aircraft turnaround, including 
safety-related information; video streams are processed on the edge and remain 
on-premise; extracted data can be integrated with existing customer back-end 
systems directly or via cloud; system automatically blurs out people working 
around aircraft and apron from video material and does not store personnel-
related data. 

Scandinavian 
Airlines 

Uses ML application running on Microsoft Azure Cloud to predict correct quantity 
of fresh food to be loaded onto flights; system improves customer satisfaction 
and reduces food waste by 45%. 

Swiss 
International 
Airlines 

Trialing an AI-based video system to automate passenger count process during 
flight boarding; goal is to ease crew workload; data recorded will be used solely 
for passenger count and will not involve facial recognition; recordings will be 
processed in full compliance with strict European (GDPR) and Swiss (FADP) data-
protection provisions and then deleted. 

 
Table 2. AI airline applications for ground operations — aircraft gate assignment/maintenance and 
turnaround
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compatibility, gate availability, time restrictions 
on an aircraft remaining at a gate, and taxi dis-
tances.12 Airlines first started using rule-based AI 
systems in the late 1980s to automate gate assign-
ments. Today, many are applying updated ML and 
AI techniques to optimize gate assignment.

American Airlines operates an intelligent gating 
system at its largest hub, Dallas Fort Worth 
International Airport (DFW), where it has 136  
gates. The cloud-based application combines  
ML and analytics to conduct real-time analysis 
on routing and runway information to assign 
the nearest-available gate to arriving aircraft. 
American says the application reduces aircraft 
taxi times, saving the airline thousands of gal-
lons of jet fuel each year. The application’s 
decision-making also factors in connecting cus-
tomer information, allowing extra time for passen-
gers to catch their next flight.13 

Previously, gating decisions for American aircraft 
at DFW required more manual involvement from 
gate planners. The new application can analyze 
multiple data points simultaneously for hundreds 
of daily arrivals, shaving more than a minute of taxi 
time per flight. This adds up to 10 hours of reduced 
taxi time per day, lower fuel usage, and reduced 
CO2 emissions.

M A I N T E N A N C E  &  A I R C R A F T 
T U R N A R O U N D

Aircraft turnaround involves considerably more 
than gate scheduling. Upon gating, an aircraft 
must be deplaned, refueled, cleaned, catered, 
safety-checked, and boarded. Every second a plane 
remains on the ground can result in lost revenue, 
and a variety of advanced tools are being used or 
considered by airlines.14 

C O M P U T E R  V I S I O N

Smart camera systems are being deployed to 
monitor and analyze turnaround processes. 
The data can be used to improve multiple 
aircraft-preparation processes, including gate 
assignments, alerting, delay prediction, safety 
compliance, and sustainability. British Airways, 
Lufthansa, Swiss International, and the Greater 
Toronto Airports Authority are all using (or plan to 
deploy) such applications to replace manual, error-
prone processes that require collecting data from 
various maintenance units. 

These systems apply ML to video imagery acquired 
from cameras deployed in various scenarios. 
For example, Assaia ApronAI analyzes captured 
images to determine the exact time each turna-
round process starts and ends, tracking whether 
or not each task was being performed on time.15 
Analysis is performed in real time to show what 
is happening on the apron (the area around the 
parked aircraft), allowing planners, gate sched-
ulers, mechanics, and other ground-support staff 
to better understand the current situation as it is 
developing. To ease performance demands, smart 
cameras typically perform processing on edge or 
near-the-edge devices (i.e., cameras). This also 
ensures the system complies with the General 
Data Protection Regulation (GDPR), California 
Consumer Privacy Act, and other data-protection 
and privacy regulations.

P R E D I C T I V E  A N A LY T I C S  F O R  
F R E S H  F O O D  O P T I M I Z A T I O N

Airlines are using ML to more accurately pre-
dict the volume of food loaded preflight onto 
an aircraft. Goals include less food waste, lower 
costs, and improved customer satisfaction. British 
Airlines and Scandinavia Airlines are using or 
testing such systems.
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C O M B I N I N G  A I ,  A N A LY T I C S  &  M O B I L E 
T O  S P E E D  A I R C R A F T  T U R N A R O U N D

Airlines are implementing mobile apps that allow 
maintenance personnel, ground crews, pilots, 
flight attendants, and gate agents to collaborate 
to ensure that flights depart on time. These apps 
give ground personnel access to the information 
they need to prepare the aircraft before departure 
(which typically resides across different systems) 
on their phones, replacing unwieldy desktops 
and laptops. For example, American has deployed 
ConnectMe, a Microsoft Power App that team 
members can access from any mobile device.

C O N C L U S I O N

The airline industry has turned to AI to digitally 
transform airline operations to remain competitive 
and better respond to current issues and future 
threats.

As highlighted in this article, most airlines are 
focused on applying AI to optimize key flight and 
ground operations but appear open to experi-
menting with the technology across a broad range 
of applications. (A number of the applications 
covered in this article are fairly new developments 
or are in testing or pilot stages.) Many airlines are 
also using AI to support their additional strategic 
goals of providing a better CX and to achieve their 
sustainability initiatives.

To get around the limitations imposed by their 
existing legacy architectures, airlines have 
embraced a cloud-first approach. In addition to 
using the cloud’s dynamic scalability to support 
rapid application development and deployment, 
airlines are increasingly leveraging the expertise 
of the major cloud providers’ AI gurus and data 
scientists to help them implement cutting-edge 
applications that combine AI with analytics, IoT, 
machine vision, and mobile. A key trend to note is 
the increasing use of machine vision in smart cam-
eras deployed to support aircraft maintenance and 
turnaround operations (beyond their widespread 
use in airport security scenarios).

Going forward, we expect to see airlines continue 
to develop comprehensive applications that not 
only facilitate scenario planning for a range of 
flight and ground operations, but also factor con-
siderations like sustainability, resiliency, and CX 
into the decision-making process.
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Each year in the UK, nearly 6,000 people are hurt 
by their trousers and another 10,000 by their socks 
and tights — to the extent that they need hospital 
treatment. Our trousers and tights are not out to 
get us, but risk exists. Nor do most of us consider 
how to mitigate the risk posed by getting dressed. 
The associated risk has not occurred for us — at 
least not beyond the extent to which our response 
of grabbing the side of the bed hasn’t mitigated it. 

In business, investors and infrastructure operators 
make risk assessments moment to moment based 
on historical information, likely future events, and/
or ways in which risk can be expected to materi-
alize. A great deal of management time goes into 
reducing or managing the extent of anticipated 
risk and likely impacts. The cost of mitigating this 
risk and establishing contingency plans is well 
thought through and broken down into costs and 
possible market responses.

Typically, economic regulators deal with risk 
through the weighted average cost of capital 
(WACC) they assign to a regulated company for 
the period of the price control. The WACC con-
siders “normal” risk for equity and credit investors, 
then makes adjustments based on how risky the 
regulated business is relative to a benchmark. 
For example, regulated water companies tend to 
have a lower WACC than airports because they are 
deemed less risky. Regulated airports generally 
have higher levels of demand risk than regulated 
water companies.

At one level, the economics of risk are simple: 
the riskier a business is, the higher the return an 
investor will require to put their money into that 
business. But things get complex very quickly when 
we start to think about just how risky a business is 
and who should pay for that risk.

The answer, of course, is that the consumer pays 
— but how? Regulators only have two choices. 
One option is for the regulated company to bear 
the risk, in which case we see a higher WACC and 
higher charges. Alternately, the consumer bears 
the risk (e.g., by the regulator “insuring” the busi-
ness against certain events), in which case charges 
may be lower, at least until the risk crystalizes. 

The only way to avoid risk is to do nothing. And even that carries the risk of nothing 
getting done. To be active is to bear risk. To be productive is to bear risk. Some risk can 
be expected from past experience and mitigated, and some risk can be anticipated 
with less precision and best-effort contingency plans put in place. But risk cannot be 
removed from life or business practice. 
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The general idea with respect to airport regulation 
is that if you can reduce the risk borne by the reg-
ulated airport, it will be less expensive and better 
for consumers. That opens up another conten-
tious area — the risk is still being borne and paid 
for, just not by the regulated business. However, 
our interest here is not in the mechanics of risk 
in general, but in how regulators can deal with 
unanticipated shocks.

D E A L I N G  W I T H  S H O C K S 
A T  D U B L I N  &  H E A T H R O W 
A I R P O R T S  P R E - C O V I D

Shocks happen, and when they do, they tend to 
affect passenger volumes at airports. Heathrow 
Airport Limited (HAL) is the business that owns 
and operates Heathrow Airport, and when it was 
putting forward its business case for the next price 
control on airport charges back in 2014, it specifi-
cally considered the issue of demand shocks. More 
precisely, it looked at how negative shocks like 
volcanic ash, avian flu, and 9/11 affected passenger 
volumes through the airport.  

One can argue about whether short-term shocks 
lead to an overall loss of demand or just a demand 
shift (i.e., people still fly but on another day) and 
whether events like the Olympics (which was 
expected to boost tourism to the UK in 2012) lead 
to an overall decline or increase in passengers. One 
could also argue that the extent of the impact of 
a demand shock (e.g., from unexpected snowfall) 

might turn on how efficient the airport’s response 
is to the shock.

However, we know for certain that shocks occur, 
and when they do, they can have an adverse effect 
on demand. The UK Civil Aviation Authority’s (CAA) 
approach, broadly, was to take this shock data, 
make a few adjustments, and argue that while you 
can’t tell exactly when a shock will hit, they tend 
to happen every X years and have an average effect 
on demand. CAA divides one by the other to come 
up with an average annual figure that is applied to 
the passenger forecast to offset volumes.

CAA argues that it is not double counting to 
include both the WACC increase for risk and the 
shock factor, as they account for different situa-
tions. According to CAA, the risk uplift in the WACC 
should only contain the risk that the CAA accom-
modation in the passenger forecast is wrong and 
so should be smaller. However, as CAA has never 
stated what the WACC uplift was, it’s impossible to 
say what effect the shock factor had on the WACC.

In contrast, the Irish Aviation Authority (IAA) 
price-control settlements for Dublin do not 
include explicit shock uplifts in the WACC or an 
adverse shock generator in the passenger fore-
casts. Rather, IAA relies on the more traditional 
method of allowing the market to add in the cost 
of the risk of shocks and assumes that is what has 
happened when it makes its WACC decision.

W H A T  H A P P E N E D  
D U R I N G  C O V I D ?

The difference between the COVID-19 pandemic 
and previous shocks is that it lasted much longer 
and its effects were much more significant. 
Consequently, it is reasonable to assume that 
mechanisms designed to deal with lesser shocks 
might be overwhelmed. Indeed, the responses 
by the two regulators were different, but each 
was consistent with their original positions on 
factoring in shocks.

CAA’s position was that shocks were already 
accounted for in the settlement, so all that needed 
to be done was to make HAL whole because the 
pandemic’s impact was so much larger than antic-
ipated. CAA faced a decision on how to do this. It 
could either allocate an additional amount to the 
OPEX settlement (so-called fast money, as the 
airlines would have had to pay back over a short 
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period) or allocate an additional amount on the 
regulated asset base (so-called slow money, as 
the airlines would pay the money back over a much 
longer period through funding the depreciation of 
the regulated asset base). Given the state of the 
airline industry at the time, CAA chose the slow 
money approach. One can argue about the amount 
repaid, but in essence it was making HAL whole 
following an unexpectedly large shock.

In Dublin, the strategy was different. Rather than 
a “truing up” like at Heathrow, IAA and the Irish 
government reacted in real time. IAA suspended 
portions of the settlement (CAPEX triggers and 
service-quality targets were suspended), and there 
was support from the national government. IAA 
estimates these packages of support were worth 
some €220 million to the airport operator over 
two years. 

In addition to responding differently to the pan-
demic, the regulators took different approaches 
to their most recent price-control announce-
ments. CAA put in place a significant framework 
to account for shocks like the pandemic. This 
included the retention by the CAA of the adverse 
shock generator (which it calls the “Shock Factor”) 
and the traffic risk sharing (TRS) mechanism. 

In essence, the Shock Factor is an overlay of a 
percentage decrease in the forecast of passengers 
determined by CAA for a regulatory period. CAA 
describes the result of applying the Shock Factor 
as a risk-weighted forecast of passenger num-
bers. It does this to take into account the impact 
on passenger numbers of both the frequency and 
likely impact of noneconomic shocks for a regu-
latory period. For the current regulatory period, a 
Shock Factor value of 0.87% was applied by CAA to 
its passenger-numbers forecast to result in a pre-
diction that has been adjusted down by 0.87% to 
take into account the prospective impact of shocks 
on the outturn of passenger numbers for HAL. 

TRS reflects variations of traffic volume outturns 
from what was forecast, and from what was the 
basis of airport charges, through adjustments to 
the regulatory asset base (RAB). If passenger num-
bers were well below the forecast, for example, 
there would be a CAA-approved increase in value 
of the RAB. This would result in future increased 
charges to depreciate the increased RAB and/or 
an amount of charges being paid by users. 

At a detailed level, CAA has implemented two 
“bands” based on the extent of prospective pas-
senger volume variations from what was forecast 
and was the basis for the price cap established 
by CAA. First, there is a band designed to take 
account of passenger variation volumes of up to 
10%. CAA has decided that within this band, 50% 
of traffic-related airport charges risk would be 
shared with airlines and the passengers that fly 
with them. Second, CAA established another band 
for volume outturns of more than 10% from what 
was forecast. CAA states that where variations 
are more than 10%, 105% of traffic-related airport 
charges risk would be shared with users.1

By comparison, IAA has not seen the need to 
dramatically change the architecture of its price 
control. There are no bands to take account of 
variations in passenger numbers from what was 
forecast and no adverse shock-adjustment factors. 
For IAA, it is essentially business as normal.

H O W  R O B U S T  A R E  
T H E  A I R P O R T S ?

To determine robustness, we must first estab-
lish some context. Both airports use hub models, 
pooling passenger demand from a wider range of 
destinations than point-to-point airports. Healthy 
hub airports tend to be more resilient to adverse 
economic shocks than point-to-point airports. 

In 2017, CAA commissioned a comparison of 
Heathrow with a number of other airports, looking 
at EBITDA as a measure of financial performance 
and passenger volumes as a measure of demand. 
The study showed that when looked at in terms 
of EBITDA per passenger, Heathrow performs well 
against its comparator group and is outperformed 
only by Hong Kong and Seoul. Further analysis 
shows that Heathrow’s EBITDA performance was 
in the top two or three comparator airports and 
that over the 2011–2015 period, Heathrow’s perfor-
mance was improving.

The same study also included data for Dublin 
Airport, but was not specifically designed to 
assess Dublin’s performance against a comparator 
group. While Dublin’s financial performance was 
solid, Heathrow consistently outperformed it, and 
Dublin’s performance was consistently toward the 
bottom end of the comparator group.  
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When the pandemic hit, both airports were prof-
itable and had passenger volumes near capacity 
(see Table 1). The effect of the pandemic on EBITDA 
and passenger volumes was dramatic and seems 
to have lasted for two years (2020 and 2021). It’s 
interesting to note that Heathrow still reported a 
strongly positive EBITDA and that Dublin remained 
broadly profitable (although it recorded a small 
negative EBITDA of -€2 million in 2020 before 
recovering in 2021). 

The strong recovery in 2022 is also interesting. 
Heathrow EBITDA and passenger volumes improved 
by 338% and 218%, respectively. At Dublin, the 
numbers were 880% and 256% (although this is 
slightly misleading as Table 1 compares Dublin 
Airport 2021 performance with group performance 
for 2022).

There is some debate between the two airports 
and their airlines about the speed of the recovery 
and its likely path. What we can say for certain 
is that recovery has been rapid, financial perfor-
mance is improving, and even the most pessimistic 
forecasts suggest a return to pre-pandemic traffic 
numbers by 2025. Consequently, we can conclude 
that both airports are relatively resilient.

W H O  W A S  R I G H T ?

Dublin and Heathrow airports aren’t directly com-
parable. Although they are both hubs, there are 
notable differences. Heathrow is a major hub, one 
of the world’s busiest and strategically important 
globally. Dublin is a secondary hub that’s experi-
encing strong growth and is well placed to gain 
business in the lucrative transatlantic market. 
Their ownership structures, debt-to-equity ratio, 
and ambitions are all different. What matters is 
whether the regulatory interventions are appro-
priate and support their development.

Both airports were relatively near to capacity 
pre-pandemic, were relatively robust during it,  
and have now experienced strong traffic recovery.

Airport investors need certainty to invest. Of less 
certainty is the rate of return they will demand. 
The offering from IAA is a straight RAB environ-
ment that is effectively underwritten with sup-
port from the regulator and the government if 
the shock is severe enough to warrant it. Such an 
approach is flexible and agile, and the regulatory 
compliance costs are low. IAA and the Irish govern-
ment have demonstrated that they will be accom-
modating should this type of shock hit again.

 
 2017 2018 2019 2020 2021 2022 
HEATHROW 
EBITDA 
adjusted 
(£m) 

1,752 1,792 1,828 270 384 1,684 

Passenger 
volumes (m)  

78 80.1 80.9 22.1 19.4 61.6 

DUBLIN 
EBITDA (€m) 254 273 276 -2.1 25.4 249* 
Passenger 
volumes (m) 

29.6 31.5 32.9 7.4 8.5 30.3* 

*Dublin Airport data not available for 2022, so group data is reported. 

Table 1. A comparison of EBITDA and passenger volumes at Heathrow and Dublin Airports  
(source: regulatory account annual submissions to CAA and IAA)
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The downside is the amount of trust this approach 
relies on. Investors must trust that a future reg-
ulator will be sympathetic and supportive in the 
event of another pandemic-type shock. If they 
believe that to be the case, all is good; if they 
don’t, some risk will be priced in, and costs at 
Dublin Airport will rise.

Conversely, CAA has fettered the discretion of the 
future CAA by creating a regulatory superstruc-
ture that determines how it would react. The plus 
side is certainty for investors. The downside is the 
regulatory cost and the risk that the dead bands 
are incorrectly set, alongside any gaming or unan-
ticipated behavior that goes with any regulatory 
decision.

Essentially, any final conclusion turns on how one 
views the pandemic. If one sees it as a one-off in 
terms of the size and scale of the shock that was 
properly dealt with at the time, a big regulatory 
structure isn’t needed. This is especially true if the 
markets trust the regulator to do the right thing. 

Alternatively, if one thinks the pandemic marked a 
change and that shocks are likely to become larger, 
longer-lasting, and unpredictable to the point that 
they overwhelm existing regulatory arrangements, 

a CAA-type approach is wise. This is especially true 
if prices are particularly sensitive to the WACC or 
the regulator is not fully trusted by the markets.

Although it is too early to say whether we are now 
in a world where pandemic shocks will be common, 
it does appear that recovery has been rapid and 
strong for these two airports and the airlines that 
fly from them. If the COVID-19 pandemic was a 
one-off, it should be readily accommodated within 
existing regulatory structures, and there is no 
need for the additional regulatory superstructure 
adopted by the CAA.

The truth is, both regulators are gambling: IAA on 
its credibility and the COVID event being a one-off, 
CAA on the world having changed and markets 
needing it to fetter its discretion. Unless we see 
another COVID-type event, IAA’s gamble seems the 
one more likely to pay off.

R E F E R E N C E

1 “Final and Initial Proposals for H7 Price Control.” 
UK Civil Aviation Authority (CAA), accessed May 
2023. 
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The industry is committed to achieving decarbon-
ization by continuing energy-efficiency efforts 
and introducing sustainable fuels and new types 
of aircraft. Currently, the focus is on fuels for 
flight operations and, to a lesser extent, low- to 
zero-emission ground operations.3 Most recently, 
multiple alternative-propulsion systems and fuels 
have been proposed, including electrified and 
hydrogen-fueled aircraft.

Meeting US and international 2050 goals for 
sustainable aviation fuel (SAF) will require drastic, 
rapid improvements in carbon reduction and 
advancements in current technologies or intro-
duction of new ones.4 Deep decarbonization 
(gradual elimination of carbon-emitting fuels) of 
the industry is now critical; strong evidence links 
climate change with increased CO2 levels in the 
upper atmosphere and other aviation-induced 
factors.5 CO2 and non-CO2 aircraft emissions 
exacerbate climate change; impacts vary with 
the altitude at which they are emitted.6 Non-CO2 
impacts from aircraft include nitrogen oxides, con-
trail cirrus, water vapor, aerosol sulfate, and soot 
emissions that, combined with CO2, create a posi-
tive radiative-forcing effect that causes warming.7

Airports and ground operations contribute about 
10% of aviation GHG emissions, often with dis-
proportionate impacts on surrounding lower- and 
middle-income communities.8 Many airports have 
committed to decarbonization and transforma-
tion of their operations as they prepare to serve a 
more diverse aircraft portfolio.9 Figure 1 shows the 
sources of GHG emissions spanning fuels, aircraft, 
and infrastructure operations.

The complexity and interdependencies required to 
safely move passengers and goods across trans-
portation modes will continue to increase, gen-
erating the need for innovative technologies and 
integrated solutions. Adding to the complexity is 
aviation’s extremely high safety standards, global 
scale, and current market evolution.

Near term, SAF is a priority solution. Meeting 
industry goals of carbon neutrality requires 
advancing the state of SAF production, decar-
bonization, and deployment while advancing new 
technologies and logistics. 

Supporting technologies include alternative 
energy carriers, propulsion systems, and infra-
structure. Alternative energy sources, including 
hydrogen and electricity, could add benefits such 
as noise reduction, localized emissions reduction, 
decreases in ongoing maintenance, and higher 
viability for autonomous aircraft routes due to the 
inherent benefit of simpler aircraft systems. New 
aerial vehicle designs, propulsion requirements, 
uses, and automation drive complexity while 
offering new value.

Around the world, entities of all sizes seek to modernize the aviation industry by opti-
mizing routes, increasing aircraft efficiency, and reducing fossil fuel dependence. The 
industry is balancing strong passenger and cargo demand, safety, and the need for 
decarbonization.1 Globally, aviation accounts for about 1 gigaton of greenhouse gas 
(GHG) emissions per year (approximately 2% of global emissions in 2019) and is poised 
to increase.2 
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Since its inception at Kitty Hawk, North Carolina, 
USA, the aviation industry has evolved into a safe, 
reliable system that continues to improve en 
route and aircraft efficiency in a complex system 
that balances safety, economics, available infra-
structure, and technology advancements. As 
major energy users, transportation systems play 
a key role in many communities, whether from 
energy transport, noise, emissions, or mobility 
connectivity. 

Deep decarbonization of the aviation sector 
thus requires contributions from environmental, 
economic, human, operational, and energy per-
spectives. Opportunities to improve efficiency and 
lower emissions can benefit from a holistic view 
that strengthens existing initiatives — potentially 
unlocking unforeseen opportunities and over-
coming constraints.

Focusing on any one set or even related sets of 
systems for transformation in the aviation industry 
addresses only part of the challenge. As aviation 
operations diversify to include electrified options, 
hydrogen, SAF, and other low-carbon fuels, the 
interdependencies between support systems will 
require holistic assessments and multiple solution 
sets to achieve full decarbonization. 

Integrated system analyses can lead to 
well-coordinated approaches prior to implemen-
tation. The ability to develop and de-risk solutions 
for global implementation will allow impacted 
stakeholders (e.g., regulatory agencies, airport 
authorities, manufacturers, cities/towns, financial 
institutions, the public) to choose implementation 
pathways at an appropriate pace and scale.

U N D E R S T A N D I N G  T H E 
A V I A T I O N  E C O S Y S T E M

Figure 2 shows the interdependencies across 
the aviation industry. Each set of systems (com-
munications/technology, energy justice, energy 
solutions, human systems, and transportation 
networks) comprises multiple subsystems, high-
lighting the degree of connectivity in this industry 
and thus the need to approach solutions holisti-
cally. Each subsystem influences other subsys-
tems and supports the critical infrastructure of 
aviation-based operations.

Figure 1. Carbon sources from aviation ecosystems (source: Airport Carbon Accreditation)
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For example, low- and no-carbon solutions have 
the potential to improve efficiencies, innovate 
solutions, and address local and global issues, 
including improving energy justice by influencing 
jobs, emissions, noise, or other factors. Physical, 
electrical, and cyber resilience are paramount 
for communications/technology to support the 
transportation of fuels, passengers, and goods. 
Human systems demand the highest safety fac-
tors throughout the three pillars of fuels, airport 
ecosystems, and aircraft while recognizing related 
needs of the transportation market driven by cus-
tomer experience, accessibility to transportation, 
and community impact of established or emerging 
transportation amenities.

T R A N S F O R M I N G  T H E 
A V I A T I O N  E C O S Y S T E M

Decarbonizing the aviation industry will require 
steady, transformational growth. Efforts are 
already underway and growing, with commitments 
from industry coalitions such as the US Federal 
Aviation Administration (FAA), International Civil 
Aviation Organization (ICAO), International Air 
Transport Association (IATA), and others to reduce 
CO2, other emissions, and environmental impacts. 

For example, ICAO’s global coalition for sustain-
able aviation includes companies like Airbus and 
Archer that are pursuing zero-emission aircraft 
and universities like Cranfield University, UK, 
and the Eindhoven University of Technology, the 
Netherlands, that are researching novel fuels.10 
The coalition includes 47 partners dedicated to 
sustainable aviation. 

Major efforts are focused on SAF, and leading 
airports are evaluating ways to both modernize 
and decarbonize, targeting net-zero operations 
by 2050 or sooner.11 To meet these goals and 
create financially viable low-carbon solutions at 
unprecedented speed and scale, public and pri-
vate stakeholders have expressed the need to 
collaborate. They recognize that new approaches 
will be needed to bring these solutions to fruition, 
including a coordinated research, development, 
demonstration, and deployment (RDD&D) focus.

Figure 3 shows the three major pillars of the avia-
tion ecosystem: energy carriers (fuels), airport eco-
systems, and aircraft. Categorizing the numerous 
interconnections, subsystems, and energy-related 
influences is key to ensuring prioritization of the 
largest, most influential decarbonization pathways 
while minimizing unintended consequences to 
adjacent activities and communities.

Figure 2. Interdependencies in the aviation industry (source: National Renewable Energy Laboratory)
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Traditionally, aviation fuels have been petroleum- 
derived liquids that are delivered to airport storage 
facilities. Decarbonized solutions for future fuels 
include SAFs (including electrofuels, aka “e-fuels”), 
hydrogen, and electricity.12 Each alternative has 
challenges related to production, distribution, and 
storage.

SAF requires multilayered development and val-
idation along the feedstock supply (e.g., cooking 
oil), pretreatment, intermediate stream produc-
tion, technology validation, refiner, distribution, 
and customer value chain. Numerous feedstock 
pathways must be scaled up to address the global 
use of local resources and the volume required 
to meet global demand. Turning feedstocks into 
liquid fuel requires physical collection, contam-
inant processing, and chemical manipulation, so 
refiners need significant technical, environmental, 
and economic reassurances to successfully scale 
up operations.

Streamlined ASTM certification processes and 
other initiatives have contributed to significant 
airline offtake agreements and the US federal 
government’s SAF Grand Challenge, which aims 
to have 35 billion gallons of SAF in place in the 
US by 2050.13 Companion efforts by the FAA focus 
on improving aircraft efficiency and quantifying 
various elements to reduce emissions and increase 
aircraft operations efficiency under programs such 
as Continuous Lower Energy, Emissions, and Noise 
(CLEEN)14 and ASCENT (Aviation Sustainability 
Center).15

Despite numerous challenges, SAFs have the 
potential to decrease carbon emissions from air 
travel. SAF is simpler and faster to implement than 
other solutions, giving experts time to develop 
zero-emission solutions for the long term. Because 
SAFs still emit GHGs (and global aviation fuel 
use is on track to double from 106 billion gal-
lons in 2019 to 230 billion gallons in 2050), more 
carbon-neutral forms of SAF should be a part of 
the solution to decarbonize aviation.16

H Y D R O G E N - B A S E D  F U E L S

Hydrogen gives aviators the ability to refuel 
at rates equivalent to fossil fuels. It may also 
lower engine-noise levels; reduce or eliminate 
carbon emissions; and leverage infrastructure 
across ground, marine, and air transportation and 
industrial networks.17 

Hydrogen refueling rates are comparable to Jet 
A refueling rates, with the National Renewable 
Energy Laboratory (NREL) recently making sig-
nificant progress on rapid delivery to vehicles. In 
April 2022, NREL demonstrated an average mass 
flow rate of 14 kg/min (21-kg/min peak), similar to 
those used by heavy-duty vehicles. A kilogram of 
hydrogen has approximately the same amount of 
energy as a gallon of jet fuel. Pairing localized 
renewable energy generation with hydrogen can 
lead to energy-storage and grid-stabilization 
capabilities that support transportation needs. 

Figure 3. Sustainable aviation solutions (source: National Renewable Energy Laboratory)

3 4

A M P L I F Y

V O L .  3 6 ,  N O .  5



Distance traveled depends on decreasing weight 
within the system; currently, hydrogen offers 
longer distances than battery-fueled electric 
aircraft. However, the technology needs improve-
ments to reach the operational capabilities of 
traditional fossil fuels due to hydrogen’s lower vol-
umetric energy density in both gaseous and liquid 
form.18 Estimates show that hydrogen combustion 
could reduce aviation’s climate impact to a degree 
similar to SAFs.19

Hydrogen economics, infrastructure, and storage 
on the aircraft present significant challenges 
for the two pathways currently under devel-
opment: direct combustion and hydrogen fuel 
cell–generated electricity. Efforts are underway 
to mitigate these issues. Airbus announced 
that hydrogen-fueled propulsion systems 
would be at the heart of a new generation of 
zero-emissions commercial aircraft.20 The first is 
a turboprop-driven aircraft capable of carrying 
around 100 passengers about 1,000 nautical miles. 
United Airlines and Alaska Airlines have announced 
investments in hydrogen-based aircraft with 
ZeroAvia for the type of 70-seat aircraft pervasive 
in regional travel.21 In 2012, the US Army launched 
16 fleet vehicles powered by hydrogen fuel cells in 
the US state of Hawaii, fueled by hydrogen stations 
on Oahu, Hawaii.22 

The cost of hydrogen is high compared to other 
sustainable energy sources. To address that chal-
lenge, in June 2021, the US Department of Energy 
announced the Hydrogen Shot initiative, which 
aims to reduce the price of 1 kg of hydrogen to US 
$1 in one decade.23 Another key challenge involves 
the emissions intensity of current hydrogen fuel 
production. The most economic method uses 
steam methane reforming of natural gas. For 
hydrogen to be an effective contributor to the 
decarbonization of the aviation industry, whether 
as a direct energy carrier or a feedstock for liquid 
fuels, production processes like clean electrolyzers 
and carbon-capture technologies must become 
more cost-effective.

E L E C T R I C  F L I G H T

Electrified propulsion provides a significant oppor-
tunity to decarbonize travel for trips under 500 
miles, but there are a range of emerging technolo-
gies and propulsion types. Electric vertical takeoff 
and landing (eVTOL), alternative-propulsion 
conventional takeoff and landing, and larger 
short-haul aircraft are being pursued by various 
commercial ventures. Potential benefits include 
reduced noise, maintenance, and emissions; use of 
existing energy infrastructure (although improve-
ments may be necessary); and opportunities for 
local electrical generation and storage.

At least seven manufacturers are in the FAA-
certification process. Several others are actively 
developing propulsion systems, forming airline 
partnerships, and seeking certification through 
ICAO-approved pathways. Multiple manufacturers 
have completed test flights, and initial deploy-
ments have begun in flight-training operations and 
short-distance seaplane services using retrofitted 
aircraft. Benefits such as efficiency gains, lower 
operating costs, and the potential to use existing 
general aviation airports (or expanded vertiport 
locations) make this technology appealing to 
underserved markets and subsidized routes such 
as the US federal Essential Air Service market.

It will take years before this approach achieves 
mass certification, builds the necessary support 
infrastructure, and gains passenger confidence. 
Nonetheless, battery electric vertical takeoff and 
landing capabilities were more established than 
hydrogen options as of 2022, based on aircraft 
known to be in the FAA-certification process. This 
is particularly the case with the general avia-
tion sector, which accounts for more than 90% 
of registered civil aircraft in the US and where 
shorter-haul flights are more common.24

T H E  C O S T  O F 
H Y D R O G E N  I S 
H I G H  C O M P A R E D 
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C O N C L U S I O N

Proper assessment of aviation decarbonization 
opportunities will require research on: (1) inter-
dependencies with other industries and (2) their 
social, economic, and environmental impacts. 
These include energy generation, transmission 
and distribution planning, ground transporta-
tion and other intermodal logistics, industrial 
and manufacturing needs, community energy 
and transportation planning from rural to urban 
locations, autonomous energy systems to facil-
itate incorporation of grid edge technology, and 
energy/environmental justice. 

Multiple US federal agencies are addressing com-
ponents of this system while seeking additional 
collaboration aimed at decarbonizing aviation at 
a system level in a resilient, sustainable manner. 
Industry, federal, and state collaborations are nec-
essary for the aviation industry and related inter-
dependent systems to reach their decarbonization 
goal. Such a holistic approach would highlight 
other benefits of the global aviation ecosystem 
moving toward decarbonization:

 – Mobility options are anticipated to accel-
erate with the commercialization of elec-
tric and hydrogen-based aviation. Rapid 
intercity-to-regional transportation, point-to-
point, or rural-to-urban flight options may offer 
better coordination for intermodal connec-
tions and provide new, lower-cost options for 
commerce. 

 – Emission, contrails, and other environmental 
pollutants will be reduced should greater volumes 
of decarbonized fuels integrate into the aviation 
industry. 

 – Cyber measures leveraged from energy-sector 
efforts are available to increase the security and 
safety of new aviation options. 

 – As more airports adopt onsite renewable elec-
tricity generation and energy storage, resilience 
of the energy supply and ability to meet demand 
may offer enhanced benefits for both aviation and 
local community energy needs. 

 – Carbon-negative SAFs or e-fuels would assist with 
environmental efforts. 

 – Lower-cost mobility and freight/package delivery 
costs could provide an economic boom to the US 
and the world.

The decarbonization challenge is formidable. 
Airports, bases, and vertiports are complex, inter-
dependent systems that are rapidly changing in 
their energy types, use cases, and demand models. 
However, advanced research and analysis on an 
aircraft’s energy components such as batteries, 
power electronics, and hydrogen components 
(including fuel tank and material composites) 
could accelerate new mobility applications, and 
holistic RDD&D could maximize impact and accel-
erate decarbonization across the industry. 

This is an excerpt of a larger technical report from 
the National Renewable Energy Laboratory (NREL). 
Access the full report or visit the NREL website to 
explore ongoing sustainable aviation research.

This work was authored by NREL, operated by the 
Alliance for Sustainable Energy, LLC, for the US 
Department of Energy (DOE) under Contract No. 
DE-AC36-08GO28308. The views expressed in the 
article do not necessarily represent the views of 
the DOE or the US government. The publisher, by 
accepting the article for publication, acknowledges 
that the US government retains a nonexclusive, 
paid-up, irrevocable, worldwide license to publish or 
reproduce the published form of this work, or allow 
others to do so, for US government purposes.
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Airports often have their own particular 
accounting needs (somewhat like retail entities), 
utilities, asset management requirements, per-
sonnel requirements, and management hierarchy. 
Some US airports (like those in San Francisco, 
Philadelphia, Atlanta, Denver, and Chicago)  
have a city/county government hierarchy; others 
(like those in New York City, Los Angeles, Dallas, 
Toronto, and Orlando) operate as their own 
authority. In aviation circles, it’s usually accepted 
that all airports, regardless of management model, 
should run at a surplus — bringing in more rev-
enue than their expenses. Because airports are 
considered public sector entities, we use the term 
“surplus” rather than “profit.” 

What is less known is that the surplus is gener-
ated by non-aeronautical activities (concessions, 
car rental, parking, hotels, advertising, and other 
property uses), rather than aeronautical revenues. 
At larger airports, in my experience, revenues for 
these commercially oriented activities can account 
for 70% or more of total revenue, with aviation 
revenue (e.g., airline fees) accounting for around 
30%. In a sense, airports are like urban or suburban 
shopping districts that happen to have an aviation 
component.

In 2019, enplaned passenger numbers (one key 
performance indicator) peaked, and airport suc-
cess stories proliferated. It seemed as though just 
about every airport had new gates, a new terminal, 
new concessions, or some other renovation in 
progress, including Orlando International Airport’s 
Terminal C1 and New York’s LaGuardia Airport’s 
billion-dollar renovation.2 

In 2020, airport economic development and the 
industry’s basic business model were severely 
challenged by the pandemic. Associations like 
the Airport Council International, the American 
Association of Airport Executives, the International 
Civil Aviation Organization, and the International 
Air Transport Association (IATA) and their member 
airlines, airports, and affiliated vendors pivoted to 
address the precipitous drop in air travel. Through 
interviews with individuals with deep airport 
knowledge, this article strives to answer the 
following: 

 – How were airport economic models able to flex 
during the pandemic?

 – Is there a success story that can serve as a model 
for other airports and other public sector entities 
for future resilience?

 – How has the push toward sustainability affected 
airport management, and how might it drive the 
public sector in the future?

 – What technology investments can be made for 
long-term operational efficiencies? How will air-
ports of the future be able to exert more control 
over their campuses through autonomous electri-
fied vehicles and sustainable aviation? 

 – How can the industry take advantage of artificial 
intelligence and analytics going forward?

Airports are microcosms of cities. In the early 2000s, the term “aerotropolis” was coined: 
a metropolitan subregion with infrastructure, land use, and economic activity centered 
around an airport. Like cities, airports usually have defined utilities, roadways/streets, 
commercial regulations, and special construction permits.
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R E M A R K A B L E  R E B O U N D

Both US and international enplaned passenger 
statistics have shown a consistent climb out of the 
hole caused by the pandemic (see Table 1).

Note that although the 2023 estimates are my 
calculations, they are rooted in expert predic-
tions that passenger numbers will soon return to 
2019 levels. Willie Walsh, Director General of IATA, 
says that by the end of 2023, most regions will 
reach or exceed pre-pandemic demand levels.3 
According to IATA, international air travel con-
tinues its recovery (albeit below the US’s recovery 
slope), despite the fact that domestic markets are 
still strongly dependent on COVID-19 policies and 
pandemic-related developments. Generally, the 
recovery in international air travel has been strong, 
but Asia-Pacific still lags, following a prolonged 
shutdown and only more recent market reopenings, 
especially in some of the largest markets.4

Airports were abruptly impacted by the pandemic, 
but there was a certain confidence about main-
taining a level of service, the necessity of air travel 
in our lives, and a post-pandemic rebound. IATA’s 
Annual Review 2022 put it this way:

 Looking back at the pandemic, we can point to our 
service with pride ... airlines kept the world connected. 
Airlines kept vital supply lanes open to deliver lifesaving 
vaccines and medical supplies. And they operated to 
the highest levels of safety throughout. Over and over, 
the aviation workforce rose to the occasion. In fact, the 
importance of aviation was made absolutely clear by 
the pandemic restrictions. People recognized that their 
quality of life deteriorated and economies suffered.5

Most organizations experiencing a 60% drop-off 
in customers, as airports did in 2020, would have 
simply ceased operations. Airports were able to 
survive through a combination of adjustments 
that demonstrated their resilience. For example, 
they quickly made changes corresponding to 
airline flight schedules, including staffing, gate 
and terminal openings/closures, parking systems, 
and concession management. Some airports even 
continued their expansion plans, and Orlando 
Airport’s belief in the need for its new terminal 
was validated. “Orlando International Airport saw 
nearly 10 million more passengers in 2022 than 
the year before,” says Kevin Thibault, CEO of the 
Greater Orlando Aviation Authority. “These num-
bers validate our strong belief that Terminal C was 
more than needed to meet projected demand. By 
continuing to build during the pandemic, we are 
now well positioned for the future growth and eco-
nomic expansion of the Central Florida region.”6 

Reconfiguring many administration aspects 
allowed airports to stay open while other busi-
nesses closed. In essence, airports were able to 
tread water until travel restrictions were eased 
and they could revert to business as usual. 
Assistance from the US government is helping 
with the recovery, including the Investment in the 
Infrastructure and Jobs Act (IIJA), which contains 
US $15 billion for airport infrastructure funding.7 
Money from IIJA can be invested in runways, taxi-
ways, safety, and sustainability projects, as well as 
terminal, airport-transit connections, and roadway 
projects.

YEAR US PERCENT 
CHANGE 

WORLDWIDE PERCENT 
CHANGE 

2019 927 3.9% 4,543 3.8% 

2020 388 -58.2% 1,807 -60.2% 

2021 658 69.8% 2,185 20.9% 

2022 853 29.5% 3,781 73% 

2023* 937 9.01% 4,594 17.71% 

       *Author estimates 

Enplaned 
passengers  
(in millions) 

Table 1. Steady growth in US and international passengers following the pandemic (sources: US 
Office of the Assistant Secretary for Aviation and International Affairs, Statista, US Federal Aviation 
Administration, US Bureau of Transportation Statistics, World Bank, International Air Transport 
Association, International Civil Aviation Association)
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A  S U C C E S S  S T O R Y

Airports followed the historic downturn with a con-
sistent recovery, overcoming difficulties like fuel 
price increases, personnel shortages (pilots, crews, 
and support staff), and a demand for travel that 
sometimes outpaced flight supply. Not to mention 
that much of the world continues to experience 
pandemic-related reduced flight schedules as well 
as a general recession, lockdowns in China, and a 
war in Ukraine. 

To get a firsthand view into how airports were 
able to survive the downturn, rebound, and move 
forward, we spoke with Phillip Washington, CEO of 
Denver International Airport, which currently ranks 
third in the world in enplaned passengers. 

Denver International Airport had a quicker recovery 
than many other airports because it’s less reliant 
on international and leisure travelers, Washington 
told us. The airport experienced declines in sur-
plus, but airline revenues were roughly the same. 

Interestingly, recovery was not the only objective 
for Denver. Washington and his team created a 
strategic plan called “Vision 100” that set targets 
for handling 100 million enplaned passengers in 
five to eight years (the airport was designed for 50 
million).8 Government funding in the hundreds of 
millions of dollars is part of the plan, but there’s 
more to it. The plan also aims to:

 – Empower people. Encourage internal employees 
and vendors of all sizes to be innovative. To this 
end, the airport has established a Center of Equity 
and Excellence in Aviation (CEEA) that aims to 
tackle the workforce issues facing all transpor-
tation sectors and create a starting point for 
innovation. CEEA is focused on three key areas: a 
business development training academy, career 
pathways, and a research and innovation lab.

 – Improve capital program management. Grow 
the infrastructure by being efficient and proper 
stewards of governmental grants allocated to the 
airport while interacting with the agencies within 
the City and County of Denver.

 – Improve asset management. Ensure that all 
assets are maintained to achieve their economic 
lifespan, adhere to preventive maintenance 
schedules, and ensure safety for employees and 
passengers alike. Within this pillar, there is a 
major component of enhancing the customer 
experience and another aimed at greenhouse 
emissions mitigation.

 – Expand global connections. The airport has 
formed a connection with Ethiopia that coincides 
with the US having the largest diaspora commu-
nity of Ethiopians in the world (approximately 
500,000). Growth in air cargo and domestic flights 
are also part of this pillar.

Washington told us he wants to examine how 
airports can identify technology trends and look 
for applications that can be quickly adopted by 
airport staff to propel them, as a team, to become 
a leading authority. One potential area is using 
predictive analytics, especially in the third pillar 
(asset management), where early warnings can 
mitigate or eliminate reactive maintenance. 
Decreasing outages of all kinds is a clear goal of 
any customer-facing enterprise, airports among 
them. 

I N T E R E S T I N G LY, 
R E C O V E R Y  W A S 
N O T  T H E  O N LY 
O B J E C T I V E  F O R 
D E N V E R
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I M P R O V I N G 
S U S T A I N A B I L I T Y  & 
T E S T I N G  T E C H N O L O G Y 

The aviation industry continually strives to do 
better with regard to sustainability. IATA members 
(airlines and airports) have resolved to achieve 
net-zero carbon emissions by 2050.9 Airports like 
Denver International see value in having connected 
autonomous vehicles handle the 24/7/365 routes 
for ever-present hotel and rental car shuttles. 
In fact, because of their route monotony, airport 
shuttles are better candidates for autonomy than 
vehicles with even slight route variations. In addi-
tion to being autonomous, airport shuttles could 
be electrified to provide a cost-effective, eco-
friendly customer experience. Denver International 
Airport is going even further with the planned con-
struction of a consolidated rental car facility that 
should reduce the number of shuttles transporting 
customers to and from rental car parking lots and 
terminals for more sustainable operations. 

When it comes to general technological transfor-
mation, airports are excellent proving grounds. 
Potential pilots include smart parking, chatbots 
(for the type of virtual assistance increasingly 
seen in the retail industry), sustainable fuels, 
cybersecurity, customer experience, and private 
networks. 

The latter could enhance a number of applications 
like airport operational systems (gate and terminal 
management), customer-facing systems (flight 
information displays, baggage-handling systems), 
and tenant-facing systems (concession, car rental, 
hotel, and airline). Additionally, the large amounts 
of data contained in an airport’s Internet of Things 
could be facilitated by a fast, highly secure, reli-
able communications backbone using a private 4G 
or 5G network. 

Many airports are trying to solve traffic congestion 
exacerbated by the ride-share renaissance. Some 
airports have four or more lanes going around 
the airport that are now reduced to two due to 
drop-offs and pickups in the two lanes closest to 
the curb. High-occupancy vehicle lanes are one 
answer; automatic tolling for single-occupancy 
vehicles is another possibility.10 
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Of course, Denver is not the only airport with 
innovative sustainability solutions. The Chicago 
Department of Aviation’s (CDA) O’Hare Airport 
has used goats and other grazing animals to 
maintain dense scrub vegetation on its property. 
The grazing sites are outside the airfield fence, 
including hilly areas along Willow-Higgins Creek 
that are difficult to maintain with traditional 
landscaping equipment. The program helps CDA 
achieve many economic, operational, and environ-
mental benefits, including:11

 – Providing a more efficient way of removing vege-
tation along steep embankments and rocky areas 
that are difficult to maintain with traditional 
mowing

 – Reducing habitat for wildlife that may be 
hazardous to airport operations

 – Reducing soil erosion and rutting from the use  
of heavy equipment

 – Reducing air pollution from gasoline-powered 
equipment

 – Reducing landscaping waste sent to landfills  
and air pollution from trucks hauling the waste

 – Clearing weeds and invasive species without the 
use of herbicides

 – Allowing US Department of Agriculture research 
on the effectiveness of the grazing herd on veg-
etation removal and wildlife changes resulting 
from grazing

C A P I T A L I Z I N G  O N 
R E S I L I E N C Y  &  E X P A N D I N G 
T H E  A I R P O R T  M O D E L

Airports have become public sector stars. They 
are models of strategic resiliency, confidence, 
and positive attitude, often running more like a 
commercial enterprise than a public agency. They 
quickly recovered from recent socioeconomic 
downturns, demonstrating to public sector entities 
like cities, counties, and states how to run at  
a surplus and ignite economic development. 

Denver International Airport, a clear model for 
the industry, is the economic engine for its met-
ropolitan region, generating $33 billion a year, 
employing nearly 30,000 employees, and sup-
porting nearly 260,000 jobs.12 Rather than rest on 
its accomplishments, it is planning to double its 
capacity, an achievement that would positively 
impact the region.

Beyond sheer economics, applying the guiding 
principles of Denver’s Vision 100 (below) to public 
sector entities nationwide could yield a level of 
resilience, confidence, and positivity for all:13

1. “Sustainability and resiliency. Our goal is to 
become the greenest airport in the world while 
ensuring that our actions and decisions foster a 
healthy and resilient organization.

2. Equity, diversity, inclusion, and accessibility. 
We are better when everyone is at the table and 
when we respect and listen to all viewpoints.

3. Operational excellence. We maintain focus on 
ensuring efficient and effective operations while 
collaborating with our partners to identify and 
address challenges and review our experiences, 
implementing improvements based on learning.

4. Enhancing the customer experience. This is our 
core business. We will work closely with our stake-
holders to meet and exceed the needs and desires 
of our travelers.”

Other public sector entities could benefit from the 
airport model by:

 – Creating programs like CEEA to simultaneously 
promote equity and diversity

 – Enhancing communication infrastructure to pro-
mote telehealth, remote education, and telework

 – Promoting the citizen experience by deploying 
virtual assistants to help users navigate complex 
websites

 – Adopting and developing sustainability ideas like 
landscaping herds

 – Adopting electric and autonomous vehicles to 
mitigate traffic and reduce pollution

We can conclude lessons learned from airports can 
and should be extrapolated and redeployed into 
larger public sector settings. They have validated 
many innovations and proven to be valuable, con-
trollable test sites.

A M P L I F Y

© 20 2 3  A R T H U R  D .  L I T T L E 4 5



1

R E F E R E N C E S

1 Orlando International Airport Press. “Orlando 
International Airport Breaks 50 Million 
Passenger Mark for 2022.” Greater Orlando 
Aviation Authority, 3 February 2023. 

2 “A Whole New LGA Nears Completion.” A Whole 
New LGA, accessed June 2023. 

3 “IATA Annual Review 2022.” International Air 
Transport Association (IATA), accessed May 
2023. 

4 Karp, Aaron. “ACI Warns Asia-Pacific’s Airports 
Remain in Financial Distress.” Aviation Week 
Network, 12 April 2023. 

5 International Air Transport Association (IATA) 
(see 3).

6 Orlando International Airport Press (see 1).

7 “Bipartisan Infrastructure Law — Airport 
Infrastructure.” US Federal Aviation 
Administration (FAA), accessed May 2023. 

8 Murray, Jon. “Denver International Airport Ranks 
Third in the World — Again — for Passenger 
Traffic.” The Denver Post, 6 April 2023. 

9 “Major Projects: Vision 100.” Denver 
International Airport, accessed May 2023. 

10 IATA (see 3).

11 Menzano, Ralph. “Smartphone Toll Systems: 
Boost Revenue, Enable Congestion Control & 
Promote High-Occupancy Commuting.” Amplify, 
Vol. 35, No. 8, 2022. 

12 “Grazing Herd.” O’Hare & Midway International 
Airports, accessed May 2023. 

13 Denver International Airport (see 9).

4 6

A M P L I F Y

V O L .  3 6 ,  N O .  5

https://orlandoairports.net/press/2023/02/03/orlando-international-airport-breaks-50-million-passenger-mark-for-2022/
https://orlandoairports.net/press/2023/02/03/orlando-international-airport-breaks-50-million-passenger-mark-for-2022/
https://orlandoairports.net/press/2023/02/03/orlando-international-airport-breaks-50-million-passenger-mark-for-2022/
https://www.anewlga.com/
https://www.iata.org/contentassets/c81222d96c9a4e0bb4ff6ced0126f0bb/annual-review-2022.pdf
https://aviationweek.com/air-transport/airports-networks/aci-warns-asia-pacifics-airports-remain-financial-distress
https://aviationweek.com/air-transport/airports-networks/aci-warns-asia-pacifics-airports-remain-financial-distress
https://www.iata.org/contentassets/c81222d96c9a4e0bb4ff6ced0126f0bb/annual-review-2022.pdf
https://orlandoairports.net/press/2023/02/03/orlando-international-airport-breaks-50-million-passenger-mark-for-2022/
https://www.faa.gov/bil/airport-infrastructure#:~:text=The%20Bipartisan%20Infrastructure%20Law,transit%20connections%20and%20roadway%20projects
https://www.faa.gov/bil/airport-infrastructure#:~:text=The%20Bipartisan%20Infrastructure%20Law,transit%20connections%20and%20roadway%20projects
https://www.denverpost.com/2023/04/06/denver-international-airport-ranks-third-in-the-world-again-for-passenger-traffic/
https://www.denverpost.com/2023/04/06/denver-international-airport-ranks-third-in-the-world-again-for-passenger-traffic/
https://www.denverpost.com/2023/04/06/denver-international-airport-ranks-third-in-the-world-again-for-passenger-traffic/
https://www.flydenver.com/vision100
https://www.iata.org/contentassets/c81222d96c9a4e0bb4ff6ced0126f0bb/annual-review-2022.pdf
https://www.cutter.com/article/smartphone-toll-systems-boost-revenue-enable-congestion-control-promote-high-occupancy
https://www.cutter.com/article/smartphone-toll-systems-boost-revenue-enable-congestion-control-promote-high-occupancy
https://www.cutter.com/article/smartphone-toll-systems-boost-revenue-enable-congestion-control-promote-high-occupancy
https://www.flychicago.com/community/environment/herd/pages/default.aspx#:~:text=The%20grazing%20sites%20are%20in,safety%20hazards%20to%20airport%20operations
https://www.flydenver.com/vision100


1

Ralph Menzano is CEO of ARKS GROUP LLC, established 
in 2021, where he helps people and businesses in a “sea 
of trouble.” His areas of focus include aviation, roadways, 
maritime, rail and bus organizations, and various other 
industries. Mr. Menzano’s past positions include Executive 
Director, Global Transportation Industry Solutions, Oracle 
Corporation; Transportation Domain Leader, KPMG; and 
VP/CIO at JPMorgan Chase Bank, General Motors, Saint 
Gobain, and SEPTA. He has also been an Adjunct Professor 
for the University of Pennsylvania Graduate School and 
a board member for Amtrak, LaSalle University, Villanova 
University, and Musicopia. Mr. Menzano has been featured 
in lead articles of CIO Magazine and Philly Tech, has written 
numerous other articles, and is the author of Making IT 

Happen. He has been a frequent speaker for American 
Public Transportation Association (APTA), Airport Council 
International (ACI), American Association of State Highway 
and Transportation Officials (AASHTO), International 
Transportation Forum (ITF), Intelligent Transportation 
Society of America (ITS America), ITS World Congress, and 
at many smart cities conferences, including Meeting of the 
Minds, Living Labs, Global Markets Forum, Port Management 
Forum, and the USA-Brazil Infrastructure Planning Summit. 
Mr. Menzano is an active participant in the Business Council 
for International Understanding and a Certified Systems 
Professional. He earned a bachelor of arts degree from 
Villanova University and holds an MBA from Jefferson 
University. He can be reached at ralph.menzano@gmail.com.

About the author

A M P L I F Y

© 20 2 3  A R T H U R  D .  L I T T L E 4 7



For more content, 
visit www.cutter.com

Cutter Consortium, an Arthur D. Little community, is 
dedicated to helping organizations leverage emerging 
technologies and the latest business management 
thinking to achieve competitive advantage and mission 
success through our global research network. Cutter 
helps clients address the spectrum of challenges 
disruption brings, from implementing new business 
models to creating a culture of innovation, and helps 
organizations adopt cutting-edge leadership  
practices, respond to the social and commercial 
requirements for sustainability, and create the  
sought-after workplaces that a new order demands.

Since 1986, Cutter has pushed the thinking in the field it 
addresses by fostering debate and collaboration among 
its global community of thought leaders. Coupled 
with its famously objective “no ties to vendors” policy, 
Cutter’s Access to the Experts approach delivers  
cutting-edge, objective information and innovative 
solutions to its community worldwide.

Amplify is published monthly by Cutter Consortium,  
an Arthur D. Little community, 37 Broadway,  
Arlington, MA 02474-5552, USA

Founding Editor: Ed Yourdon 
Publisher: Karen Fine Coburn 
Group Publisher: Christine Generali 
Production Manager: Linda Dias 
Editors: Jennifer Flaxman, Tara K. Meads

© 2023 Arthur D. Little. All rights reserved. For further 
information, please visit www.adlittle.com.

Anticipate, Innovate, Transform

http://www.cutter.com
http://www.adlittle.com
https://www.cutter.com/journals/amplify

