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Abstract. The air transport system faces pressing challenges arising from CO,-emission reduction targets, fragmented
passenger needs, and a highly competitive market environment. Aiming for a reduction of CO,-emissions in the long-
haul sector, a holistic solution is suggested incorporating both operational and technological innovations in three areas:
(1) changes in the air transport network structure, (2) (liquid) hydrogen as energy carrier, and (3) new aircraft and cabin
design. To these ends, this paper focuses on the implications resulting from a passenger-distance improved air transport
network. Demand pooling is proposed to enable higher load factors, offer more point-to-point connections for passengers,
and generate new revenue sources for airlines. Based on a discussion of traditional airline business models, a seat exchange
platform named “ShAirline” is proposed, allowing multiple providers to rent out cabin space. The underlying business
model is evaluated considering implications for aircraft and cabin design, new passenger services, additional revenue op-
portunities, passenger journey times, required aircraft, as well as implications for airports. Findings indicate that the pro-
posed seat exchange platform in conjunction with a change in aircraft ownership structure assist in removing inefficiencies
across the current long-haul network and help offset barriers connected to the use of novel eco-efficient technologies.

Keywords: airline alliances, business model innovation, cross-airline seat sharing, decreased flight speed, hydrogen aircraft,

transportation system, travel time.

Introduction

Airlines operate in an environment characterized by con-
stant change. While ever-increasing demand!, especially
for long-haul?® travel, provides future growth perspectives,
a variety of challenges needs to be managed (Airbus, 2018).
With the Paris Agreement, CO,-emission targets defined
in Flightpath 2050 and the environmental goals of ICAO,
aviation has moved to the center of attention in the soci-
etal debate on climate change (United Nations Treaty, 2016;
European Commission, 2011; ICAO, 2010). Furthermore,
competition and the need for flexibility is increasing, lead-
ing to an ongoing market consolidation. Simultaneously,
passenger needs are becoming increasingly diverse, mak-
ing their satisfaction more challenging (Kluge et al., 2018).

! While demand plummeted by over 90 percent during the
COVID-19 pandemig, it is currently estimated that economic
growth in developing countries will likely support long term
growth scenarios (IATA, 2020).

2 1In this study, flights over 4,000 km are classified as long-haul.

While long-haul travel accounts for only 10 percent of
global aviation passengers, it is responsible for more than
30 percent of aviation fuel burn, and hence CO,-emissions
(OAG, 2018; BADA, 2019)3. Therefore, this market exhib-
its a significant lever to introduce operational as well as

3 It is important to note that aviation has an effect on climate
change not only through CO,-emissions, but through a variety
of other processes, summarized under the term non-CO,-
effects (for a comprehensive overview, see (Lee et al., 2020)).
We chose to solely focus on CO,-emissions in this work
because the specific influence of hydrogen combustion during
high-altitude aircraft movement on non-CO,-effects is largely
unknown: On the one hand, the exact influence of non-CO,-
effect of aviation on atmospheric temperature change is still
characterized by substantial uncertainties (Lee et al., 2020).
On the other hand, both the exhaust composition and its
influence on atmospheric physical properties and chemistry is
currently debated in academia (McKinsey & Company, 2020).
It would thus be out of the scope of this work to evaluate the
environmental benefits of a hydrogen powered aircraft from a
non-CO, perspective.
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technological innovations to reduce CO,-emissions in the
aviation sector. This paper focuses on network optimiza-
tion through operational improvements and addresses the
associated challenges connected to their implementation.
The fundamental motivation for these operational im-
provements is the societal challenge to mitigate the effects
of anthropogenic climate change. Yet, there is also an eco-
nomic rationale to reduce airline operating cost by increas-
ing fuel efficiency and thus CO,-emissions produced by
aviation as much as possible. This motivation is both root-
ed in the societal challenge to mitigate the effects of climate
change and the economic rationale to reduce airline oper-
ating costs in light of rising prices for CO,-emissions. The
approach to reduce fuel burn, and thus CO,-emissions is
enabled through operational adaptations by using hydro-
gen as energy source for propulsion, improving passenger
routing, utilizing aircraft more efficiently, and reducing
flight speed. In order to achieve these improvements, a
new business model is suggested to counteract the efforts
of transitioning to a new energy source. Consequently,
three pivotal elements — effective passenger routing, pas-
senger pooling and lower flight speed - in combination
with a hydrogen-powered aircraft are brought together in
a holistic framework called HyShAir.

The focus here is on the development and assessment
of a conceptual future business model (“ShAirline”), which
supports the implementation of a passenger-distance-op-
timized network structure. Additionally, the introduction
of hydrogen-powered long range aircraft catering to the
requirements of long-haul passengers is covered, which is
illustrated in (Troeltsch et al., 2020). Rather than imple-
menting only incremental changes, it demonstrates how
synergies can be achieved by simultaneously managing
the introduction of hydrogen-powered aircraft, passen-
ger-distance-optimized networks, and slow flight speed.
In line with this, policymakers, managers, researches, and
planners are addressed with the aim to develop feasible
eco-efficient air transport where stakeholder interests are
aligned. The paper is structured as follows: Chapter one
introduces the HyShAir concept and discusses the major
aspects of the aviation system which it seeks to address.
Chapter two describes the materials and methods used for
developing a suited business model and for analyzing po-
tential network effects induced by the HyShAir concept.
Chapter three presents the results regarding business
model set-up and network effects, while Chapter four puts
them into a larger discussion context. The paper is final-
ized with a short conclusion section.

1. Addressing long range aviation challenges with
the HyShAir concept

To meet future challenges faced by the air transport sector,
a holistic approach enabling the implementation of opera-
tional and technological innovations is presented. The Hy-
ShAir concept addresses three main questions that define
the global long range air transport system with regard to
the following:

1. Air transport network: How can the eco-efficiency
of the long-distance network be increased by chang-
ing the operating structure in the airline industry?

2. Energy supply scenario: How can the introduction
of alternative energy sources be fostered to reduce
the environmental impact?

3. Aircraft and cabin design: How should new vehi-
cles be designed to integrate new fuel options, op-
erational requirements, and future passenger needs?

In line with these questions, operational measures
promise reduced environmental impacts using currently
available technology. For example, fuel savings can be
achieved by making intermediate stops on long-range
flights (Linke et al., 2017). However, the examination of
climate impacts in the form of non-CO, effects shows that
intermediate stops, while saving fuel, can have adverse ef-
fects on local air pollution and the global climate (Grewe
et al., 2017). Replacing transfer connections with more
point-to-point routing, especially in the long-haul market,
may contribute to a more eco-efficient transport network
by reducing the detour factor from the optimal route.

In addition, significant improvements in eco-effi-
ciency require additional radical changes. A viable path
being to shift from fossil fuels to hydrogen, offering an
energy carrier that mitigates CO,-emissions if produced
with renewable electricity and sustainable sources (Grewe
et al., 2017). A concept for a hydrogen-powered aircraft
was already proposed two decades ago by Klug and Faass
(2001), but several factors, including investment costs, in-
frastructure requirements and aircraft design, have halted
a potential market uptake in the aviation sector.

While a new operational structure, including the airline
network, may favor specific aircraft types in terms of dis-
tances flown, passenger seating capacities and turnaround
processes at the airport based on economic considerations,
climate impact reduction would call for different require-
ments. Therefore, to propel the aviation sector towards
reaching challenging CO,-emission-reduction goals, dif-
ferent challenges in the aviation system have to be consid-
ered in combination. The analysis in this paper therefore
focuses on future business model innovations in the air
transport industry, highlighting the interlinkages between
future long-haul air transport network, aircraft and cabin
design as well as a hydrogen energy supply scenario.

1.1. Air transport network

Improved load factors and increased operational efficiency
both offer opportunities for reducing relative fuel burn
and CO,-emissions at the fleet and passenger level. Today,
more than 60 percent of long-haul passengers travel via
indirect connections, i.e. making at least one stop between
their origin and destination airports. These multi-stop
journeys have an average detour from the optimal route of
about 8 percent, and increase overall travel times for pas-
sengers. Furthermore, on average, 20 percent of seats on
long-haul flights remain empty across all airlines, creating
unused capacities across the network (SABRE, 2017).
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We suggest mitigating these inefficiencies by introduc-
ing a new long-haul network structure and new business
model. This may involve a shift from today’s airlines’ asset
ownership models towards a novel aircraft sharing plat-
form that pools demand across many airlines. Bundling
demand between two airports across airlines and allianc-
es reduces surplus capacity and enables additional direct
connections, representing an expansion of the currently
used code sharing between individual airlines to the en-
tire network. On the passenger level, the expansion of the
code sharing concept is reflected in an adaptable cabin de-
sign facilitating the introduction of individually branded
sections on a single aircraft. First, an increased load factor
on long-haul flights translates to decreased fuel burn per
passenger-kilometer and potential reductions in overall
movements. Second, omitted stopovers can be translated
into lower flight speeds without negatively affecting the
passengers’ overall travel time. For 60 percent of today’s
long-haul passengers, this implies more comfort and con-
venience by eliminating one or more intermediate stops
along the journey. For a new aircraft to operate economi-
cally, necessary requirements include maintaining current
aircraft productivity as well as a comparable level of fre-
quencies for passengers to choose from.

1.2. Aircraft design and cabin design

As a result of reduced travel speeds envisaged, aircraft
productivity, measured in seat kilometers flown per day
per aircraft, is reduced at a given seat count. Thus, the
productivity of individual aircraft can be maintained by
transporting more passengers per flight by improving ei-
ther the load factor or by adding seats. On the fleet level,
productivity can be maintained by increasing flight fre-
quencies. The proposed ShAirline concept provides an
approach towards achieving higher load factors, while the
tradeoffs between aircraft speed, flight distance, cabin size,
and flight frequencies with regard to aircraft productivity
will be discussed next.
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Reduced flight speeds decrease aircraft productivity,
ceteris paribus. The most profitable flight speed from air-
line perspective can be found using a cost index, between
the speed for minimum fuel consumption for maximum
range and maximum speed for minimum time, which is
around Mach 0.82 in current aircraft. Figure la shows
modeled aircraft productivity, measured in seat kilometers
per day, over flight distance and assuming a Mach 0.85
reference cruise speed. A ground time of 90 minutes per
flight is assumed, with an additional 7.2 hours of daily
ground time due to maintenance, repair and overhaul
(MRO) processes, delays and unutilized time (Randt,
2016). Reducing flight speed from today’s Mach 0.85 to
Mach 0.7 requires a 17% increase either in passengers per
flight or in flight frequency in order to maintain the same
level of long-haul productivity. In the case of the average
wide-body aircraft, this corresponds to a capacity increase
from 300 to about 350 seats, as illustrated in Figure 1b.
A reduction of average ground time (i.e. all ground han-
dling activities including turnaround, MRO, taxiing, as
well as time not utilized) by approximately 2.5 hours per
day, for example through operational improvements and
flight scheduling optimized for slower flights, can also
mitigate the lower productivity by increased utilization
(Figure 1b). Moreover, a given number of passengers on a
route can be transported either with smaller aircraft and a
larger fleet, or vice versa. Therefore, an assumed long-term
growth in air transport demand can either be absorbed by
offering more frequencies or increasing the size of aircraft,
or a combination of both.

2. Materials and methods

Radical shifts to new network topologies and eco-efficient
aircraft are difficult to implement in the current airline
business model structure. Due to small profit margins and
high capital requirements, airlines focus on incremental
improvements rather than on radical operational and
technological changes to increase their competitiveness.
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Figure 1. Aircraft productivy depending on flight speed, flight distance, and cabin size. a) The relative required increase in cabin size
or fleet is shown as a function of flight distance and cruise Mach number. At short distances, productivity is predominantly limited
by ground time, rather than flight speed. b) Daily aircraft productivity as measured in seat kilometers is shown as a function of
flight distance, considering variations in flight speed, ground time, and seating



190 D. Steinweg et al. A business model enabling a passenger-distance-improved long-haul network to decrease...

This paper therefore focuses on the proposition of a new
business model approach aiming at the implementation
of a passenger-distance-optimized long-haul network
structure as well as a respective hydrogen-powered air-
craft design. The lack of competitiveness of previous hy-
drogen-powered aircraft concepts is countered by the in-
creased transport efficiency in the network enabled by the
proposed business model and anticipated CO,-emission
pricing schemes that will make the operation of fossil fuel
powered aircraft more expensive in the future.

The core of the business model is the seat exchange plat-
form, facilitating a passenger-distance-optimized long-haul
air transport network while simultaneously distributing
energy supply infrastructure investments among platform
participants. In this regard, the number of passengers trans-
ported as well as travel times are two important character-
istics that influence the different elements of the proposed
business model innovation in the air transport sector. Sec-
tion 2.1 outlines prior work on business models from the
literature including the utilized business model framework
(Section 2.1.1) and an overview of current airline business
models (Section 2.1.2). Furthermore, a methodology to
evaluate the impact of the proposed business model using
selected performance metrics is described in Section 2.2.
The results are then presented in Section 3 and discussed in
Section 4. The last section concludes this paper.

2.1. Overview of business model frameworks

Business models describe how companies generate value
(Wirtz et al., 2016). Different definitions of the term “Busi-
ness Model” (BM) exist, along with several proposed busi-
ness model frameworks containing various components*
(Daft & Albers, 2013; Gassmann et al., 2014; Mason &
Morrison, 2008; Osterwalder & Pigneur, 2010; Wirtz et al.,
2016; Wirtz & Daiser, 2018). Some frameworks are more
general and not specific to any industry. The framework
proposed by Daft and Albers (2013) is applied to measure
the convergence of airline business models empirically, as
was done in a case study by Daft and Albers (2015). The
frameworks proposed by Wirtz et al. (2016) and Osterwal-
der and Pigeneur (2019) present generalized frameworks
that are not specific to one industry, that integrate all essen-
tial business model functions and require an already fully
developed, detailed idea in order to use them. This also
applies to the framework provided by Mason and Morrison
(2008), which has the advantage of being airline-specific.
Due to the scope of this study and its aim to develop a
novel, innovative business model, the St. Gallen Business
Model Navigator is considered to be the most suitable
framework for this analysis (Gassmann et al., 2014).

4 E.g. customer centricity, customer intelligence acquisition,
customer-oriented BM change, and BM evolution (Wirtz
& Daiser, 2018) or customer segments, value proposition,
channels, customer relationship, revenue streams, key resources,
key activities, key partners, and cost structure (Osterwalder &
Pigneur, 2010).

2.1.1. Business model navigator

The Business Model Navigator framework has already
been proven to accurately describe business model inno-
vation stories and to identify success factors in a compre-
hensive way (Gassmann et al., 2014). Furthermore, cus-
tomers are not just considered as mere sources of revenue,
but as stakeholder with individual needs and requirements
(Gassmann et al., 2014). They (the “Who”) become one of
the four key dimensions of the “magic triangle’, illustrated
in Figure 2, which describes the overall framework for in-
novating business models. The importance for a business
to target main customer groups, to know the trends driv-
ing these groups, and to understand how they will develop
in the future, is seen as a crucial and fundamental activity
at the heart of the magic triangle. Another key component
is the value proposition for the customers (the “What”),
defining the products and services that a company of-
fers to target customers. The third dimension is the value
chain itself (the “How”), describing the process of how
products and services are generated. The fourth dimen-
sion is the profit mechanism (the “Why”), which describes
how profit (including costs and revenue) is generated for
an organization (Gassmann et al., 2014).

2.1.2. Current airline business models

While the core product of airlines is the provision of a
transport service from origin to destination, airlines dif-
fer in their business models (Wittmer & Hinnen, 2016).
The classification between the two well-established airline
business models — Low-Cost Carrier (LCC) and Full-
Service Network Carrier (FSNC) - seems outdated. Soyk
et al. (2017) analyzes the emerging concept of long-haul
LCCs by investigating their business model characteristics
and cost advantages. Accordingly, long-haul low-cost car-
riers operate with 20 to 30 percent lower operating costs
than legacy hub carriers (Soyk et al., 2017). Furthermore,
other studies propose additional business model catego-
ries that exist in the market, such as global hybrid carrier,
global niche market carrier, and large-size network carrier
(Urban et al., 2018). Applying the business model canvas
model from Osterwalder and Pigneurs (2010), a trend

What do you offer to the customer?

Why does the
business model
generate profit?

How is the
value proposition
created?

Profit
mechanism

Who is your target customer
(segment)?

Figure 2. Business model innovation - the magic triangle
(Gassmann et al., 2014)
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towards an increased convergence between LCCs and
FSNCs is revealed. This hybrid model trend, manifested
by combining characteristics from LCC and FSNGC, is also
confirmed by Daft and Albers (2015).

2.2. Methodology for evaluating the proposed
business model on the network level

In the following section, a methodology is introduced
which evaluates the efficiency gains of the business model
approach. It describes how the supply of air transport
capacity is affected by the ShAirline concept. In order to
forecast the resulting effects on the global air transport
system, both the supply and demand side are investigated.

2.2.1. Analysis data

For this analysis, we used connectivity data provided by
the Sabre Corporation for the entire year of 2017, covering
worldwide direct and indirect connections. A total number
of 3.448 billion passenger journeys covering all intermedi-
ate stops are covered, including 5,689 airports. The dataset
used in this study covers 90.2 percent of passengers in 2017
(SABRE, 2017). An overview of the data format is provided
in Table 1. Itineraries include the number and location of
stops along the journey. For each leg, the operating airline
is provided. Furthermore, the annual total number of pas-
sengers traveling on this unique itinerary is shown.
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2.2.2. Approach for passenger demand pooling

To capture the effects of ShAirline on the network level,
the original data is transformed to reflect the new business
model. Four possible scenarios, summarized in Table 2, are
considered, reflecting traditional and new business models
as well as current and proposed slow-flying aircraft. The
resulting air transport system is subsequently described
by selected key performance indicators described in 2.2.3.
The strategic goal of the ShAirline concept is the accom-
modation of more direct connections in the network.
The following three steps, illustrated in Figure 3, are per-
formed, representing the necessary modifications of the
current air transport network:

1. Airline-independent demand for itinerary: in the
first step, all possible routing connections were com-
bined, independent of the operating airline.

2. Rerouting: in the second step, passengers were re-
routed on already existing but shorter routes if there
was no existing direct flight, or on direct flights if
direct flights already existed.

3. Introduction of new flights: in the last step, all
combined connections were re-evaluated to identify
the potential of introducing new direct connections.
A new direct flight is introduced for routes with a
maximum great circle distance of 15,350 km and an
annual aggregated number of 1,200 passengers.

Table 1. Travel data format

Itinerary Origin Destination Layover Operating Airlines | Total Passengers®
NON-STOP AAA AAB SU 1919.07
THREE-STOP BLL PMR CPH-PVG-AKL EE-SK-NZ-NZ 2.55

1. Bundling 2.1 Rerouting to non-stop flight

Concentrated Service

Separated Service

Concentrated Service

@ ®
(@

Separated Service

®

2.2 Rerouting to shorter stop-over flight

3. Introduction of new direct flights

Concentrated Service

ORG,

Separated Service

@ @’.
Sso ‘.,
S ",
~,
\@

Concentrated Service

ORO
()

Separated Service
: : ‘.
‘e,
; .,
\\ .,
N\,
- -

Gr ®

4==== AirlineA <«—— ShAirline
P Airline B @ Airport

Figure 3. Methodological approach representing the introduction of ShAirline by bundling, rerouting
and introducing direct flights

> Decimal numbers result from the regression model used by Sabre” to derive global route traffic.
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Table 2. Investigated scenarios

Flight Speed Regular Airline ShAirline
Regular flight Reference case ShAirline using
speed regular aircraft
Decreased flight Introduction of ShAirline using
speed new aircraft slow-flying aircraft

2.2.3. Key performance indicators

The performance of the resulting air transport system can
be described by the following four key performance indi-
cators (KPIs) to capture the effects of ShAirline and the in-
troduction of new aircraft technologies in the overall Hy-
ShAir concept. The (1) average deviation from great circle
distance for an individual passenger can serve as a proxy
for operational and ecological efficiency. The effects of re-
duced flight speed can be evaluated in terms of travel time.
Since airlines operating under today’s business models are
also at liberty to introduce hydrogen-powered-slow-flying
aircraft, the effects on (2) passenger journey times for vary-
ing flight speeds are evaluated for both business model
scenarijos. In addition, the (3) number of required aircraft
to operate the described air transport network is estimat-
ed. An average seat load factor of 85 percent is assumed
in all scenarios. The average utilization of the aircraft is
estimated at 50 percent, based on data reported by major
American carriers to the U.S. Department of Transporta-
tion for wide-body aircraft of (MIT, 2020). Furthermore, it
is assumed that aircraft operating at regular speed as well
as slow-flying aircraft have a maximum capacity of 400
passengers. The theoretical operating time of the aircraft
is assumed to be 24 hours, over 365 days a year, neglecting
airport night flying restrictions. Maintenance and turna-
round times, as well as inefficiencies due to scheduling are
considered in the average utilization. Finally, the change in
(4) airport passenger traffic provides additional insight into
the impact of the ShAirline business model.

2.2.4. Modelling the ShAirline network

Based on the data provided by Sabre, all annual passenger
itineraries I; for a specific routing S and airline L are
represented by

L5 = (ai )i:I,...,n ? (1)
being a sequence of airports a; € A, where A includes
all airports covered in the data set. For every airport, the
latitude ¢, and longitude A, are known. Additionally, for
every Ig; the number of annual passengers on a specific

itinerary ¢; ~ are known. The distance of a single flight
d between two airports a; € A and a, € A is given
Jara 1 2

by the haversine formula

d -
ful,uz

¢a _¢a }”u _}“u
: 2| T4 L in2| % il
2r arcsin \/sm[ 3 +cos(¢al)cos(¢a2)sm 5 .

2

Thus, the flight distance of a multi stop itinerary dj is

given by
F+l
dl = Ed‘f“w“nﬂ > (3)

with F being the number of flights in I. The additional
travel distance of a multi stop itinerary Ad,,,, of a multi
stop itinerary compared to the orthodrome between the
first airport in the itinerary g, and the last airport in the
itinerary a,, is given by

Adyy =—d, . +d;. (4)

1>4

The transport inefliciency ; of the investigated itiner-
ary is defined as the amount of passenger kilometers p;
deviating from the orthodrome between origin and desti-
nation and is given by

Hp=Ad,y -4 (5)

with g; being the annual number of passengers traveling
on itinerary I. For the entire network, the transport inef-
ficiency py becomes

N
Hy =DM - 6)
n=1

To represent the introduction of ShAirline, the pro-
vided Sabre dataset is reorganized to represent aircraft
sharing, as following: In the first step, referred to as bun-
dling in Figure 3, identical itineraries operated by different
airlines are combined. Therefore, it holds that

Igp =Ig 14> (7)
which results in
L
=4, (8)
I=1

In the second step, itineraries are reorganized to re-
place every itinerary I, for which an itinerary Iy with a
shorter total flight distance exists, without changing the
first and last airport of the itinerary. Therefore,

Adorth,X < Adorth,i /\alx = ali A anx =a

S _ _
IS Adorth,X 2 Adorth,i /\alx - ali A anx - ani

is applied. The execution of this step results in multi-stop

itineraries being changed to itineraries with a smaller or

no deviation from orthodrome distance compared to the

initial itinerary. In the third step, new direct flights are

introduced for multi-stop itineraries where the annual

number of passengers is greater than 1200, thus that
ag»>ay .. Ap q;, <1200

Ig= , 10
S ag.ap g 21200 nd; <ryc (10)

with 7, being the maximum range of the aircraft, which
is assumed at 15,350 km. The resulting itineraries provide
the potential savings of deviation from the orthdrome dis-
tance leading to the requirement of additional energy. The
implementation into a feasible flight schedule as part of
the aircraft routing problem is not considered here. The
duration of a single journey is calculated as following



Aviation, 2021, 25(3): 187-201

Yac
tI:—d +tTO'NTO,I+tL'NL,I’ (11)

I

with #; being the required flight time for a given itiner-
ary and v, the velocity of the aircraft. Additional time
for takeoff t; and landing t; is considered with 18 min-
utes each. Passenger transfer time between connecting
flights is not considered for the itinerary. v, is assumed
at 917 km/h for regular flight speeds and 746 km/h for
reduced flight speeds. The number of required aircraft on
airline and network level is estimated by

N
Dt
Wsrr “Hac "Gac 24-365

with f; being the trip time of an itinerary, g; number of
passengers traveling this itinerary pg; » being the average
seat load factor of the aircraft, 1, being the average daily
utilization of the aircraft, g, the maximum number of
passengers on board.

Nyc= (12)

3. Results

Following a detailed qualitative description of the ShAir-
line business model enabling the implementation of a pas-
senger-distance-optimized air transport network structure
as well as a slow-flying hydrogen aircraft in Sections 3.1,
its impact on the four main pillars of the business model
are outlined in Section 3.2. Subsequently, the defined KPIs
for the investigated scenarios are presented in Section 3.3.

3.1. Propositions of ShAirline

The new business model approach in this paper is based
on the following key propositions:

1. Proposition on airlines’ fleet management: airlines
move away from the traditional aircraft ownership
and leasing principle to a fleet management approach,
where aircraft can be partially leased, covering only
a fraction of seats on specific routes. With 20 percent
of scheduled seats remaining empty, passenger pool-
ing and aircraft sharing via a seat exchange platform
has the potential to increase utilization on long-haul
routes. Pooling demand across multiple providers
enables higher seat load factors and additional direct
connections on an airport pair. Aircraft are no longer
assigned on an airline-route basis, but by overall de-
mand per route, facilitating a better allocation of the
long-haul fleet across the network.

2. Proposition on airlines’ profit mechanism: in terms
of rethinking the ownership principle and bundling
passengers using the sharing concept, an innovative
cabin design with branded add-on services is con-
ducive. Passenger comfort and ancillary revenues
from add-on services take on more importance,
since passengers are on board for longer times due
to slower flight speeds. Improved comfort and con-
venience on long-haul flights could eventually lead
to a higher acceptance of longer travel times.
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3. Proposition on network topology: in the current
long-haul network, layover passengers travel on
routes an average of 8 percent longer than the di-
rect distance between origin and destination. The
longer trip distance stems from layovers at airports
not located on the orthodrome between origin and
final destination. By bundling demand, ShAirline
aims at providing more direct connections and thus
decreasing the necessary passenger seat kilometers
to meet the required transport requirements, thus
exhibiting the potential to reduce the environmental
impact.

3.2. Implementation of ShAirline

The outline of this section follows the structure of the
magic triangle (Gassmann et al., 2014). Based on the
key propositions of ShAirline, customer demands, value
proposition, system and cabin design, as well as potential
revenue streams and cost savings are described.

3.2.1. Meeting customer demands (“Who”)

Passengers are the first main stakeholder in the aviation
system, since they generate the demand for air transport.
In a liberalized market, they have a certain buying power:
several airlines and routes (e.g. point-to-point vs. self-hub-
bing for a price-conscious, long-distance alternative) are
available for travel. Six individual customer segments can
be considered; (1) cultural seeker, (2) family and vacation
traveler, (3) single traveler, (4) best ager, (5) environmental
traveler, and (6) digital native business traveler, each with
individual needs along the travel chain (Kluge et al., 2018).
In addition, future customers might demand that long-
haul journeys shall be tailored to personal preferences and
providing an environment allowing for a value-adding use
of their travel time, including comfort and convenience
(Kluge et al., 2020).

Airlines are the second main stakeholder within the
aviation system. They provide the air-transport service,
both to passengers and cargo customers, currently apply-
ing various business models. Next to ticket sales, ancillary
revenues are an essential income stream for airlines, with
LCCs relying heavily on them. To increase profitability,
airlines aim for the optimal balance between supply and
demand to maximize the utilization of their fleet (current-
ly measured by a high passenger load factor). Due to the
large capacity of long-range aircraft, the introduction of
new routes and satisfaction of fluctuating demand is chal-
lenging, since transport capacities cannot be split between
different destinations. Moreover, maintaining customer
satisfaction, loyalty and brand recognition is becoming
challenging for airlines due to increasingly diverse pas-
senger profiles. Accordingly, travel products need to be
tailored on a more granular level to address customer
needs. At the same time, airlines are challenged in light
of recent political advances to provide environmentally-
friendly air transport in order to meet CO,-emission tar-
gets (European Commission, 2011). Conversely, radically
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new aircraft technologies could be a solution, but require
a large investment, especially if technology is novel and
requires additional investments in new ground infrastruc-
ture and scaling up also considering the costs incurred
during the entire life cycle, from manufacturing, opera-
tions and out of service.

Third parties outside the aviation industry can profit
by providing additional by-products and services to pas-
sengers during their comparatively long travel time. An
opportunity is presented by introducing individually
customizable containers in the aircraft cargo hold that
can be accessed by passengers. As an example, this may
include hotel brands providing amenities before custom-
ers even reach their destination (e.g. by furnishing one
of the containers with beds). Further benefits of these
containers include a potential increase in sales for retail-
ers, as they can get in touch with customers during the
flight for an extended period, and thus may have a will-
ingness to shop. Additionally, customers might also get
in contact with retailers they did not know before, turn-
ing the container spaces into areas for discovering and
experiencing unknown brands, similar to a fair. Lastly,
these proposed container applications may include food
vending, an activity and exercise area as well as sleeping
compartments.

3.2.2. The value propositions (“What”)

As a service, ShAirline offers air-transport capacity be-
tween a specific origin-destination pair. Within the pro-
posed model, a centralized aircraft operator in charge of
providing, maintaining, and managing the aircraft and
its required infrastructure offers white label transport ca-
pacity to airlines and other interested parties. Individual
areas within the aircraft can be configured to individual
airline needs and brand requirements. Further, configur-
able cargo containers with access to the passenger deck
allow airlines to provide additional services to customers,
including beds, food services and entertainment.

Quite noticeably, certain similarities to the concept of
point-to-point code-sharing exist, most notably, the use
of aircraft seats by an airline not owning said aircraft. The
current sharing of seats between airlines ranges from in-
terlining, in which airlines mutually accept tickets issued
by a partner, to code sharing, in which an airline blocks
fixed spaces for a partner airline on specific flights (Nugra-
ha, 2018). However, ShAirline expands this code-sharing
practice by extending the possibility to rent out seating ar-
eas within a shared aircraft to every business, and not only
airlines or alliance members, and hence introducing more
flexibility in regard to participating partners per flight.
This increases the potential for higher seat load factors.
Further, the possibility to rent a larger section allows for
better branding opportunities, enabling a single aircraft
cabin being branded in different ways. While with code-
sharing, passengers are confronted with the branding of a
different airline, the HyShAir concept gives the possibility
for a seamless branding along the whole trip, disregarding

the ultimate owner of the aircraft. Lastly, there is no need
for an operating carrier. The shared aircraft can also be
operated by third parties, which do not need to be airlines,
or centralized aircraft management entity.

Third parties: Currently not represented in the avia-
tion industry, these have the option to lease a presence
within an aircraft, similar to any other real estate location.
Depending on the route and preference of the passengers
traveling, this can include but is not limited to branded
food, shopping and personal services. Unlike in brick and
mortar stores, business success will likely depend on the
space and weight needed for the products themselves or
the equipment needed.

For passengers: The comfort level on long-haul flights
varies among the different flight phases and has its low
peak while stowing luggage in the overhead bin and dur-
ing the cruise time. Sleeping is the preferred activity of
passengers on long-haul flights (Bouwens et al., 2017).
Hence, space is a general issue, including knee space (seat
pitch), comfortable sleeping options, and moving around.
However, the goal of airlines is to provide the best cost-
benefit ratio for passengers, instead of maximizing com-
fort. As such, the aim of airlines is not to increase com-
fort as a general rule rather than perfectly addressing the
passenger need. While most travelers prefer additional
personal space, the utility function of price-sensitive pas-
sengers does not reward additional room over fares. With
the ShAirline concept, an increased variety of options
becomes available to passengers to accommodate their
needs. For exceptionally long flights, passenger health
requirements with regard to space have to be considered
as well.

Journeys tailored to personal preferences: Targeted
customer segments have different profiles with respec-
tive requirements. To personalize the long-haul flight, the
in-flight entertainment (IFE) system is replaced by bring
your own device (BYOD) entertainment. Using advances
in technological developments, virtual reality headsets al-
low visual experiences decoupled from the physical space
in the cabin. Such experiences can be highly personalized,
too. For example adding child-friendly content (for family
and vacation travelers), concerts and destination informa-
tion, and meeting or e-learning options (for digital native
business travelers). To increase the entire door-to-door air
travel experience and provide maximum personalization,
mobility service integrators on personal devices could
possibly be included within the overall concept (Hoser &
Schmalz, 2021).

Value-adding use of travel time: Longer travel time due
to slower flight speeds should not be lost time, but should
rather be spent in a value-adding way. Personal preferenc-
es of targeted customer segments can be met in dedicated
areas within the aircraft cabin. These can include provid-
ing a family area, a separate space for toddlers and small
children, a working and meeting area for business travel-
ers, as well as a general lounge area for all passengers.
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3.2.3. New cabin design (“How”)

The cabin design: The slow-flying hydrogen-powered air-
craft (Hyliner 2.0) in this study possesses two spherical
hydrogen tanks in the front and rear of the cabin, leading
to a fuselage with an almost circular diameter of 8.46 m.
The resulting cabin, illustrated in Figure 4, is therefore
much wider, but also shorter compared to current air-
craft. In addition to two passenger decks, a third enhanced
cargo deck can be included inside the fuselage. Classes
and seat types can be introduced at the liberty of airlines,
where each airline may provide a specific seat. The upper
deck contains the central meeting and lounge areas, which
are accessible from both the upper and the main deck via a
staircase. Furthermore, a dedicated area in the upper deck
consists of seat groups located around tables, enabling
easy interaction between passengers. Due to the large
cabin width and the fact that a single excuse cabin design
(maximum of one person to pass when standing up) in-
creases passenger comfort, a three-aisle configuration is
used. In the aft of the main passenger deck, grouped seats
and open spaces provide leisure room for families and
playing children. In the center of the main deck, a stair-
case connecting the upper deck, a lounge area as well as
a meeting space complete the enhanced passenger experi-
ence on the decks. In effect, increased space, movement
options as well as a variety of offers on-board is seen as
a way to mitigate the negative effects of prolonged travel
times on the passengers’ health. Furthermore, these meas-
ures increase comfort for the majority of the passengers.
Integrating the business model: Since the cabin is
split into several separate areas, different seat vendors can
operate in the aircraft at the same time. The consequent
BYOD strategy lowers the aircraft's weight and facilitates
the re-branding of the travel experience, e.g. via airline
specific ticketing and entertainment apps. The lower
container deck can be accessed via a staircase in the aft
of the cabin. Containers can be loaded into the aircraft
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during longer turnarounds or minor checks depending on
the routes the aircraft is serving. Hence, services can be
adapted to passenger demand, region, season and airline
generating additional revenue on the aircraft. Different to
the already established concepts of swappable containers
which are often considered for the whole cabin, these con-
tainers are independent of the cabin itself. They represent
an opportunity to repurpose redundant cargo space and
increase the space accessible by passengers during a flight.
The business model is schematically illustrated in Figure 5.

3.2.4. Revenue streams and efficiency improvements
(“Why”)

The economic viability of ShAirline is based on four key
assumptions.

1. Tailored products increase passengers’ willingness
to pay.

2. Additional service opportunities aboard the aircraft,
enabled through adaptable containers accessible to
passengers.

3. Higher load factors through the improved match of
supply and demand.

4. Mitigation of high capital requirements needed for
the introduction of eco-efficient aircraft in order to
fulfil long-term regulatory requirements.

Under these assumptions, the concept leads to more
revenues and increased profitability as compared to to-
day’s business models.

Passengers’ willingness to pay: As already mentioned
above, one core proposition of ShAirline is a travel expe-
rience individually tailored to passenger needs. With in-
creased flexibility due to the containers, more diverse ser-
vices can be offered on-board to cater to a wider array of
demands. Taking away the burden of operating the aircraft
allows airlines and service providers to focus more on the
travel experience aboard, thereby increasing the journey
value for the passenger. While this can include amenities,

Figure 4. Illustration of three-deck cabin layout (Engelmann et al., 2020)
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Passenger-centric journey
Passenger defines trip
characteristics: Origin and
destination, time,

amenities
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Figure 5. Conceptual representation of the Seat sharing concept proving transport capacity to
multiple airlines on the same aircraft

it can also extend to low cost, last minute tickets targeting
price conscious travelers. In general, specifically tailoring
services to customer needs increases spending willingness
and thus revenue (Franke et al., 2009).

Additional services opportunities: The introduction
of exchangeable containers provides additional flexibility
to the operator of the aircraft, airlines and third parties,
allowing them to increase revenue in two ways. As with
traditional airlines, the space in the belly of the aircraft
can be monetized by transporting cargo. However, unlike
with traditional aircraft, where an average of 40 percent of
the belly cargo capacity remains empty, this space can be
used for accessible containers used to provide services to
passengers (Raja, 2015). The containers increase revenue
opportunities for service providers by offering the unique
option to follow passengers around the world. Their dy-
namic adjustment allows adaptions depending on the
region, flight duration, or time of day. Containers with
sleeping compartments may be used on long overnight
flights, whereas entertainment providers might provide
a space for social activities on typical tourist routes. De-
pending on the region and passenger segments on board,
food and beverage vendors might accompany the journey.
Additionally, tailored by-products may improve passen-
gers’ willingness to pay.

Increased load factor: One proposition of the seat ex-
change platform is to achieve high load factors while ena-
bling more point-to-point connections, thus improving ef-
ficiency. The flight network is optimized towards bundling
passengers in order to offer a larger number of route-spe-
cific seat contingents. With this approach, airlines are able
to better match the expected demand with the available
supply. New routes within their network can be estab-
lished without the need to allocate an entire aircraft. Fur-
thermore, as a cost reduction strategy, airlines currently
bundle passengers in a hub-and-spoke network structure
(Kahn, 1993). With ShAirline, this approach evolves into
bundling demand between particular airport pairs to de-
crease the cost connected with passenger detours. This
concept relies on changing the ownership structure of air-
craft, as already been discussed in the literature (Plotner

et al,, 2017). Hence, aircraft are no longer owned and op-
erated by individual airlines®, but rather by a centralized
aircraft management entity or third parties, which sells
seat contingents over a single exchange platform. Through
this system, demand can be better allocated to aircraft,
thus avoiding unutilized capacities on large aircraft or an
insufficient number of seats on too small ones.
Mitigation of capital-intensive environmental regula-
tion: The seat sharing platform also facilitates the intro-
duction of new aircraft technologies connected to large
infrastructure investments. While individual airlines may
adopt new technologies, their incentive is the increase of
either revenue, profitability, or both. However, in the cur-
rent system, eco-efficiency does not impact or does only
marginally impact airline profits, with the exception of
fuel costs. Investments in new aircraft technologies and
clean energy sources bear the risk of not boosting com-
petitiveness, thus effectively impeding the airline business.
Providing airlines with access to flexible shares of eco-ef-
ficient air transport capacity gives them the opportunity
to move to cleaner technologies with less financial risk.

3.3. Quantitative evaluation of passenger-distance-
improved long-haul network

The scenarios described in Table 2, influencing selected
key performance indicators, are summarized in the fol-
lowing chapter. The ShAirline model reduces kilometers
flown that deviate from the orthodrome distance by 90
percent. The worldwide long-haul detour traffic decreas-
es from 4.87 percent to 0.48 percent of flown long-haul
passenger kilometers. When considering only multi-stop
long-range flights, the worldwide long-haul detour traffic
amounts to 8.02 percent. In Figure 6, the deviation from
the direct route between origin and destination weight-
ed by passengers is illustrated for long-haul, multi-stop
connections. The deviation is provided for today’s net-
work with regular airlines and a network operated by the

6 Or operating carrier, as for instance seen in the code-sharing
concept.
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Figure 6. Deviation from orthodrome distances for passenger itineraries over a combined length of 4,000 km

ShAirline. If detours are considered as inefficiencies, it can
be seen that ShAirline significantly reduces the amount of
additionally flown distances in the network.

The variation in flight speeds directly influences the
average travel time of passengers. Figure 7 illustrates the
average travel time over great circle distance between ori-
gin and destination for the investigated scenarios. Com-
paring the current business model at regular flight speeds
with the ShAirline concept operating at regular flight
speed shows, that the average travel time over all distances
can be reduced, along with the trip-time standard devia-
tion. The proposed reduction in flight speed by 17 percent
generally yields a 20 percent increase in average travel
time over all distances.

However, the adverse effects of slower flight speeds
can be partially compensated by the ShAirline business
model. Considering a regular airline that limits flight
speed to Mach 0.7, the resulting increase in average travel
time can be reduced by 25 percent through the decrease in
flight distance enabled by ShAirline. Further time savings
gained by avoiding the latency and boarding processes in-
volved in a layover are not considered in this study.

With regard to the number of aircraft required to
operate within the network, ShAirline can eliminate in-
efficiencies, especially for smaller airlines. This is attrib-
uted to routing inefficiencies that typically decrease with
increasing network size. Depending on the flight speed,
the proposed business model can reduce the fleet size by
20 percent as illustrated in Figure 8. Further, abandoning
layovers at hubs in exchange for more direct flights also
impacts airports. Figure 9 illustrates the change in the
number of layover passengers at airports for the fifteen
airports gaining and losing the most. The loss of layover
passengers at big hubs primarily served by long-range
flights is especially apparent. While this effect may not
be desirable from the standpoint of the airport operator,
ShAirline offers a solution to decrease the traffic near
big hubs located close to cities in order to reduce local

CO,-emissions and noise, or to free up valuable slots for
new destinations and growth. While more than 60 per-
cent of long-haul passengers travel on indirect connec-
tions, the overall share of layovers in the entire air trans-
port network is below 10 percent. Thus, on the global air
transport network level, ShAirline reduces the number of
passenger departures by 5.13 percent.

Average travel time [h]

Description
No sharing — regular flightspeed
~ No sharing - slow flightspeed
Sharing - regular flightspeed
~ Sharing — slow flightspeed

o 5000 10000 15000 20000
Great circle distance between origin and destination [km]

Figure 7. Influence of business model and flight speed on
average travel time of the itinerary
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Figure 8. Required aircraft within the long-haul air transport
network depending on the airline business model and aircraft
flight speed
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Figure 9. Top 15 decrease and increase in passenger numbers at worldwide airports
through ShAirline.

4. Discussion

In the present study, three interrelated challenges to de-
crease the climate impact of long-haul aviation are ad-
dressed, including the air transport network structure,
hydrogen as an energy carrier as well as aircraft and cabin
design. To meet these challenges, the innovative business
model of the ShAirline is proposed that mitigates obsta-
cles on the path toward environmentally-friendly aviation.
The core idea is the introduction of a seat sharing platform
that enables airlines to better match their supply and de-
mand. A single transport capacity provider offers white
label seats to airlines, with multiple airlines serving pas-
sengers on a single aircraft. To counter the effect of lost
productivity due to reduced flight speeds, slightly larger
aircraft are used. In contrast to existing alliances, pooling
the entire capacity supply in a single organization enables
improved aircraft routing and thus increases efficiency.

Key stakeholder are described along with the corre-
sponding value propositions offered to them, including
their realization and assumptions leading to financial vi-
ability. It is shown that the proposed concept is capable
of reducing passenger kilometers resulting from layovers
by 90 percent. Together with efficient aircraft routing,
these performance improvements can be used to partially
compensate for the drawbacks of slower flights and high
investment costs of the hydrogen infrastructure. The num-
ber of required aircraft for the entire long-haul air trans-
port network can be reduced by about 20 percent, along
with a 5 percent decrease in travel times. However, the
study presented here only constitutes an initial concept
rather than a final solution.

This study should be considered as a first exploratory
approach. Further investigations are required with regard
to technological requirements for the containers and flex-
ibility of aircraft interior. While the use of flexible con-
tainers enables the provision of additional passenger and

cargo services, the introduction of such a system increases
structural weight and thus fuel burn, while at the same
time decreasing the maximum useful payload. As seen
in the described business model frameworks, a strong
customer orientation is essential. The next steps can in-
clude the integration of the customer demand side into
the concept development. In line with this, the assessment
of the concept in this paper focuses on network effects
that are quantifiable with existing data. Further studies
may also address the financial feasibility of introducing
larger aircraft and the associated customer behavior. As
seen with the retirement of the Airbus A380, despite its
relative young age, airlines are not able to fully exploit the
potential efficiency of larger aircraft in terms of fuel burn
per passenger kilometer, since their maximum seating ca-
pacities are typically not fully utilized. Other aspects not
addressed here include the exact extent to which larger
networks improve efficiency when solving the aircraft
routing problem. Finally, the specific effects of a sharing
platform on airline differentiation and airline marketing
would also be worth investigating.

As outlined in the introduction, the long-haul network
accounts for more than 30 percent of aviation fuel burn
and thus CO, emissions, making it challenging for airlines
to meet CO,-emission targets and offer environmental-
ly-friendly transport in the near future. While alterna-
tive modes of transportation including trains and fully
electric aircraft offer environmentally friendly solutions
on short-haul routes, they are not suitable for long-haul
transport either because of travel time or engineering
constraints. Within the HyShAir project, we argue that
liquid hydrogen, in conjunction to operational network
optimization, presents a feasible solution to reduce fuel
burn and CO,-emissions caused by long-haul flights. The
climate effects of implementing this proposed new net-
work structure as well as the introduction of a slow-flying
hydrogen-powered long-haul aircraft are not the subject of
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this paper. Further research needs to focus on the assess-
ment of these effects.

In addition, to offset the significant upfront investment
costs associated with introducing hydrogen as an alterna-
tive aviation fuel that airlines as well as other stakeholder
in this industry would be subject to, the ShAirline concept
also offers the potential to bundle the demand for eco-
efficient technologies. The airline-specific first-mover pen-
alty can be mitigated, and investment and infrastructure
efforts can be distributed between multiple stakeholder,
thereby reducing the entry barrier for individual airlines.
Further research in this area is required to evaluate the
costs and benefits of such a concept, and thus the potential
for a market uptake.

Finally, a major challenge arises particularly in the ear-
ly phase of implementation and transition, where techno-
logical risks and financial investments are high. Especially
for airlines operating in highly competitive markets, high
costs and deficits related to the introduction of new tech-
nologies and business models can become a heavy liability.
Consequently, it seems reasonable to first introduce the
HyShAir concept on individual high-demand routes. This
would have the advantage that a large number of indi-
vidual airlines are already present on these routes, where
the sharing concept seems particularly promising. Further,
high passenger demand would ensure a good saturation
of increased capacities. Finally, initial investment costs
in infrastructure and systemic components could be kept
relatively low due to scaling effects. Public support in the
early phase of market diffusion seems reasonable to partly
mitigate investment risks, and to ensure high standards for
safety and security.

Conclusions

This paper proposed the HyShAir concept whose ultimate
goal is to reduce CO,-emissions on the long-haul aviation
market by altering the air transport network structure, in-
troducing liquid hydrogen as a new energy carrier, and by
proposing a new aircraft and cabin design. This enables
operational improvements with regard to passenger rout-
ing, passenger pooling, and flight speed adaptation. The
results of the paper indicate that these improvements can
be achieved with a new business model and a hydrogen-
powered aircraft optimized for lower flight speeds. The
business model proposes to open up aircraft cabins to
third parties by using a seat sharing platform provided by
a single aircraft operator. It is suggested that a seat shar-
ing platform can improve the match of supply and de-
mand in the air transport system and thus increase load
factors as well as reduce the number of required aircraft
in the future. Furthermore, the seat sharing platform mo-
tivates the feasibility of pooling passengers, thus reducing
unnecessary passenger kilometers caused by layovers. Ef-
ficiency gains can subsequently be used to promote the
introduction of new, eco-efficient hydrogen-powered air-
craft, which requires substantial financial investments. In
the context of introducing passenger-distance-optimized
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air transport network structures, new aircraft technolo-
gies and energy sources, innovative business models can
provide significant leverage for facilitating radical changes
to the air transport system. Future research is needed in
order to better understand the complex and dynamic in-
terplay between these elements of the aviation industry.
Specifically, the impact of extending code sharing through
the proposed seat sharing platform on airline strategy and
competition is still ambiguous. Further, the feasibility of
the “ShAirline” flight schedule with regard to aircraft
routings has to be further investigated. Together with the
presented research, this would give the opportunity to
substantially reduce CO,-emissions of the aviation sector.
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Notations

Symbol Description Unit

a Airport -

Set of all airports -
o Distance between two airports km
d; Distance of all flights in itinerary km
Ad g, Additional travel distance of multi stop itinerary compared to orthodrome km

q Number of passengers -

41, Annual number of passengers travelling on itinerary Ig -

qis, Annual number of passengers travelling on itinerary Iy ; -
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201

Symbol Description Unit
I Annual passenger itineraries for a specific routing S -
Iy Annual passenger itineraries for a specific routing S and airline L -
F Number of flights in itinerary -
N,c Number of required aircraft -
Nro Number of take-offs in itinerary -
Ny Number of landings in itinerary -
tr Duration of entire itinerary I min
153 Duration of landing min
tro Duration of take-off until cruise speed min
Uy Transport inefficiency of itinerary km
Uy Transport inefficiency of network km
% Range of aircraft km
Yac Cruise speed of aircraft km/h
by Latitude of airport rad
' Longitude of airport rad




