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Introduction
e Achieving industry net-zero targets requires alternative fuels and disruptive technologies

e Challenges:

e Scaling up drop-in alternative fuels
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e Range limitations of all-electric aircraft
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e Compatibility of hydrogen aircraft designs gggﬂ:-:ﬁngsssmws N ET'Z E RO 2 0 5@

e Uncertainties in fuel cost, infrastructure, operating cost, etc.

e Social acceptance
> Under what Jet fuel and alternative fuel prices will airlines operate new aircraft profitably?
» How will consumer preference influence airline adoption and deployment of new technologies?

e To investigate airline and passenger responses to novel aircraft technologies, the UCL Airline Behaviour Model (ABM)
(Doyme et al. 2019) is adapted

e Domestic China selected as case study due to increasing air demand and rapid rise in CO2 emissions
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Data

e 78 major airports, 2176 city pairs in China

e Passenger movement, fare, and schedule data for
2015 used (Sabre, 2017)

e Direct network: 99% of total passenger numbers

e Global alliances
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UCL Airline behaviour model (ABM)

e Each airline is a player in an n-player noncooperative game
e Each airline A aims to maximise its profit

e Decision variables: airfare, flight frequency and type of aircraft across the network
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Revenue Operating cost: flight-related costs & passenger-related costs

e Set of constraints (e.g., airport capacity) are imposed to reflect real limits on airline operations
e Airlines sequentially adjusting decision variables, iterate until profit equilibrium

e Doyme et al. (2019) and Dray et al. (2022) for more detail
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Airline behaviour model adaptation for China

e Passenger itinerary choice and demand model estimated using Asia pacific data (9146 itineraries, 18334 city pairs)
e Demand model estimated based on a nested structure (Jamin et al, 2004)

e Fare endogeneity corrected using two-stage control function (Guevara & Ben-Akiva, 2006)
e Hausman-type Instrumental Variable (1V)

e Validity of IV tested using overidentification test proposed by Guevara (2018)
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Airline behaviour model adaptation for China

Itinerary choice model R?: 0.97"
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Airline behaviour model validation for China

1e6 Predicted vs Actual Itinerary Passenger Numbers
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Modeled 2015 Chinese domestic aviation network, thicker lines represent higher flight frequency
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Airline Responses to New Technology — Liquid Hydrogen (LH2) Aircraft
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e Choice and demand model parameters kept at
base model value

e Assume unchanged airport capacities and
available infrastructure

Market Share of LH2 Aircarft

e Assume fleet turnover has taken place Hydrogen Prices ($/kg) (Energy equivalent of jet fuel)

e LH2 aircraft modeled with A321 fuel burn (energy
equivalent) similar operating cost to A321

Aircraft Size
Class Example Aircraft Seats Number Max Range km
Class3 A320neo 175 4500
Class4 A321 189 5500
Class8 A321hydro 175 4500

e Simulated LH2 uptake with jet fuel price at $0.7/kg
and varying hydrogen prices (hypothetically
introducing LH2 aircraft into the 2015 system)

LH2: 1.4%/kg
0.5%/kg (energy
equivalent of jet fuel)
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Airline and Passenger Responses to New Technology- Liquid Hydrogen (LH2) Aircraft

e Consumer Willingness-to-Pay (WTP) for flying on LH2
aircraft: $41 (Li P et al, 2023)

e ltinerary choice model modified to combine Revealed
Preference (RP) and Stated Preference (SP) data
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WTPhydro + bfltfreqlog(freqi) +Yi

e Higher market share for LH2 with consumer WTP

e LH2 price at $0.4/kg and $0.5/kg: 8% increase in total
passenger numbers and 6% increase in total flight
frequency with consumer WTP

Market Share of LH2 Aircarft
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Airline and Passenger Responses to New Technology- Liquid Hydrogen (LH2) Aircraft

Jet fuel: 0.7$/kg

LH2: 1.4 $/kg, 0.5$/kg (energy equivalent of jet fuel)

Number of Aircraft Used per Airline without WTP Jet fuel: 0.7$/kg

LH2: 3.3%/kg,1.2%/kg (energy equivalent of jet fuel)
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Conclusions
> LH2 Adoption without consumer WTP: $0.2/kg cheaper than jet fuel (energy-equivalent basis)

» Social Acceptance: critical for introducing new technology
=  When LH2 costs are high (>0.5%/kg JetA equivalent), consumer WTP increases LH2 market share considerably.

= 20% market share achievable with hydrogen priced at $1.2/kg JetA equivalent, with consumer WTP
» Induced Demand: Consumer WTP leads to an increase in total passengers and flight frequency

> Limitations:

|. Based on 2015 airline operations
lI. Assumptions for LH2 aircraft and inputs

> Future Work:

|. Evaluate LH2 uptake in future years
lI. Assess different levels of WTP impact on market share
lll. Use ABM to assess the feasibility and market impact of all-electric aircraft and SAF

11
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Thank you

More information:
UCL ATSLab http://www.atslab.org/
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