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RAeS Hamburg in cooperation with the DGLR, VDI, ZAL & HAW invites you to a lecture

Insights into Future
Propulsion Technologies

James Hunt, BSc
Future Propulsion Lead, Advanced Manufacturing Research Centre (AMRC),
University of Sheffield

Date: Thursday, 23 October 2025, 18:00
Location: HAW Hamburg, Berliner Tor 5, Horsaal 01.10 (in-person only!)

The aviation sector has set ambitious targets
to achieve net zero flight by 2050, there are
several legislative, operational and
technological pathways that will contribute
towards this. Some of the greatest challenges |
are faced in developing solutions that will
directly reduce the emissions of the aircraft.
This presentation will provide some insights
into what technologies are being explored for
future propulsion systems based on new and
alternative fuels such as battery, hydrogen ¥
and sustainable aviation fuels (SAF). It will Aerospace Technology Institute (ATI), FlyZero, © AT
explain how the incumbent primes are adopting different approaches to decarbonisation, while
emerging companies are seeking to carve out niches with their disruptive technologies and business
models.

James has over 25 years of experience in applied research in industry and academia, specializing in
materials and manufacturing. After a decade in the UK steel industry, he joined the University of
Sheffield to advance metals processing, including additive manufacturing and electron beam welding.
As Future Propulsion Lead at AMRC, he works with industrial partners on zero-emission transport
technologies. He authored a report on hydrogen storage for the ATl's FlyZero programme and
collaborates with ATI’s Hydrogen Capability Network on hydrogen aircraft adoption.

DGLR /HAW  Prof. Dr.-Ing. Dieter Scholz Tel.: 040 42875 8825 info@ProfScholz.de

RAeS Richard Sanderson Tel.: 04167 92012 events@raes-hamburg.de B
Hamburg Aerospace

- Lecture DGLR Bezirksgruppe Hamburg https://hamburg.dgir.de
Series RAeS Hamburg Branch https://www.raes-hamburg.de
n VDI, Arbeitskreis L&R Hamburg https://www.vdi.de
i ZAL TechCenter https://www.zal.aero m
HAW Hamburg RAeS
VDI ZAL

Hamburg Aerospace Lecture Series (AeroLectures): Jointly organized by DGLR, RAeS, ZAL, VDI and HAW Hamburg (aviation seminar).
Information about current events is provided by means of an e-mail distribution list. Current lecture program, archived lecture documents
from past events, entry in e-mail distribution list. All services via http://AeroLectures.de.
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Introduction to the AMRC
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What is the AMRC?
A world-class centre for advanced manufacturing

Established in 2001 as a collaboration between industry & the University of Sheffield.

Helps manufacturers of any size to become more competitive by introducing advanced
techniques, technologies and processes.

Specialises in carrying out world-leading research into advanced machining, manufacturing
and materials, which is of practical use to industry.

Expertise in machining, automation, robotics, digitally assisted assembly, casting, additive
manufacturing, composites, designing for manufacturing, testing and training.

s
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MANUFACTURING
DONE BETTER

40x faster
Lower cost
Secured UK jobs



National reach
High Value Manufacturing Catapult

The AMRC is a core part of the | :n'rAI'-'I.I I.T

High Value Manufacturing Catapult, an alliance of leading J
manufacturing research centres backed by the UK’s ~ _Z_______
innovation agency, Innovate UK.

The High Value Manufacturing (HVM) Catapultis athriving NS\ = G __________
alliance that works with companies of all sizes to bridge
the gap in - and accelerate the activity between -

technology concept and commercialisation. G AEPSEEEN @ © Shefricid /AMRC

Being part of the Catapult ensures that we play a core role e S -
in the revival of the national manufacturing sector. R

A
s A’A”,__ Um ersit

TRIANEC
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Manufacturing Capability

High Value Design
and Rapid Prototyping

@)

sessne

engineering services

Sustainability

Digitalisation
Inspection,

validation and test **** "¢ Productivity

2

Smart Factory «««« s

«» '+ 2+ Automated Assembly

Component manufacture -
++ + o« composites, additive

\

LR

Process Technology

Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023)

i/ University of

&’ Sheffield

/AMRC



Setting the scene

Why do we need new propulsion technologies?



M, Loaded (maximum takeoff) weight, tons

DH 106 Comet 3 | @ Piston
S Turbojet/Turbofan
- o —#% | ® Turboprop
[=S— \ L]
: z £ .U
Fig. 1 e % b
600 % 3. (5 | \‘\ \\ 75% |
> Propeller Airplane Altbus K380 ES & N R
A Narrow Body (Single Aisle) Jet i LE o\ K
i e 3 ol L Waliinl | o B777-200LR
00 Wide Body (Two Aisle) Jet E S| peal® ER 207 *:._ 4. ;;t. -—~-—r-:~|l
] B CL.? B-747-200 e AP N
h Boeing 747-81 1|
i . [ SE=.2 SRS
400 ‘ Boeing 747-100 O 1930 1940 1950 1960 1970 _1980 1990 2000 2010
-.- e T~ q — Ul Entry Into Service
Image source: Future Aero Engine Designs: An Evolving Vision, K Kyprianidis, 2011
E . mrhuskSSUQOO E
McDonnell Douwglas MB11 *‘___-‘ Trend Continues 1990 2019
L‘-‘Hﬁ - Boeing 787-8
' & Lockheed Tristar L1011 g%n Energy per pkm 2.9MJ 1.3MJ
- : = 9N
200 - . Fm—— O
s O CO, per pkm 357g 157g
@ DouglasDC8-32 Aﬁ A EE
J_.l_‘_ deHa.\/i.IlandCOmet A ﬂlr?;izo Eh Bcemg?S?BDCl Enabllng teCh nO|Og|eS
Boeing 377 - ; H
L—%ﬁ s & AR * Larger aircraft
% o & Bombardier Dash 8 4 E . . .
Farman F60Goliath  Douglas DC-3 o i &X , Embraer EMB 110 m%% = * More efficient engines
R P R e  Lightweight materials
1900 1950 year 2000
Image source: The Evolution of airplanes, A. Bejan, 2014 o H Igher ||ft Wlngs

University of
8 Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023) Shefﬁeld



Global CO, emissions from avialion, 1940 10 2019

1 billion t

Doubling of emissions

800 million t % /
since 1990 "
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4 fold increase in traffic since 1990

8 trillion passenger kilometres in 2019

Long-term Global P ger Traffic F
(2016-2052)

E
Sls
E‘E
§|d
2n
]
! "
8 =i
L]
4
5 E
]
EreooCNNIRNRLERRSRARRE .
BRRRSfRRNSSASRRBSERRE

S —
2042 I T

2043

2037

g

© shetieid /AMRC

:

2045
2046
2047
2048
2050
2051
2052



Aviation's share of global CO, emissions. 1940 lo 2021 Our World

Global greenhouse gas emissions by sector 2 Table 2 Ghar
I'his is shown for the vear 2016 — global greenhouse gas emissions were 49.4 hillion tonnes CO,eq,

= Suiphate Diagram 1: Aviation’s climate impacts
e ::::r e Aircraft emit various other substances in
addition to CO,. Each of those substances
has a specific warming or cooling effect of
its own. Overall, they amplify the climate
impact of aviation.

not considered
by aviation in-
dustry

Contrails
Ozone oling effects

Induced Cloudiness t_en;‘met‘
@

Warming effects

A
i buildine

Sources: Lee/ Fahey et al. 2009, UBA Deutsch-
land 2012, UBA Deutschland 2016, UBA
Osterreich 2016

OurWoridinData.org
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Target net zero aviation by 2050
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Source: Sustainable Aviation 2023
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% of 2050 total unabated emissions

Key Technology Areas

More efficient aircraft

* Fleetrenewal

* Light weighting

* Aerodynamic improvements

« Ultra high by-pass ratio engines

* Thermal efficiency improvements
* More electric systems

Net-Zero
e Sustainable Aviation Fuels

Zero Carbon

» Battery electric

* Hydrogen Fuel Cell

* Hydrogen combustion

© shetieid /AMRC



Propulsion systems
Conventional
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i P . Image source: A review of installation effects
Turbofan o -

m - of ultra-high bypass ratio engines
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No of passengers

66-78 150-194
Range 1547NM 2150NM 3450NM 8745NM
T/O power 2x IMW 2 x 8MW 2 x 20MW 2 x 80MW
13
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Turboprop

More efficient than turbofan
Slower cruising speed
Lower altitude operation

N
\o

_ Praga Alfa SM-92T Dornier 228 ATR 72-600
6 19

No of passengers 44-78
Range 750NM 650NM 740NM
T/O power 500kwW 2 x 540kw 2 x 2MW

University of
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Piston-prop

More efficient than turboprop
Cheaper operating costs

Wider range of fuels

Low speed & altitude operation

Lo = S—
/'a' 7 #
‘ bt ‘
No of passengers 4-9 Up to 100
Range 675NM 4000NM
T/O power 2 x 220kW 4 x 400kW

© shetieid /AMRC
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Other variants

Freight Operations
171 MMT CO,
(19% of total)

Passenger D;parl‘ling Dis;a nce co, er\l;lissions
ight:
Narrowbody Operations Ights {km) (kg)
395 MMT (4! 747 MMT CO,
(81% of total)
Passengers: B <500km Il 2.000 < 3,000km
b B 500km < 1,500km >=3,000km
305 MMT (33

W 1,500 < 2,000km

Image source: Eurocontrol

Passengers: Regional
47 MMT (5%)

Flgure 1. CO, emissions in 2018 by cperations and aircraft class Image source: Internation council on clean transportation

University of
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Technology developments
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Battery electric

Image source Evolito
Rolls-Royce Spirit of Innovation
400kW peak power
385.4mph

Image source: MagniX

Lilium Jet eVTOL
Up to 6 passenger
30 ducted fan e-motors 100kW each

University of
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Battery electric challenges

19
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Battery technology

A320neo LHR-LIS 1565 km

Estimated total fuel burn 3.6t

43MJ x 3,600kg = 154,800M)

Assume GT 50% efficiency = 77,400MJ required
Assume 90% electric efficiency = 71.6t battery
A320neo dry weight = 64t

Other issues:
Cooling

Fire protection
Packaging on aircraft

Spirit of Innovation
Pack energy 72.9kWh
Assume 400kW power requirement

. . Durability
Run time approx. 10 minutes State of art 1.2MJ/kg Charging time
Mass: 450kg pack, 300kg cells Kerosene typically 43-48MJ/kg e mINEES H €2

Energy density approx. 160Wh/kg (0.5MJ/kg)

University of
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Ambition

"\

m
=

== |

Wright Spirit
Retrofitted BAe 146
100 passengers
Range approx. 1hr

4 x 2MW electric ducted fan motors

University of
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Fuel cell electric

Image source: ZeroAvia

Proton exchange membrane

Fuel H2
{Hydrogen)

Used Fuel
Recirculates

Flow Field
Plate

Gas Diffusion
Electrode (Anode)

Catalyst

(PEM) Fuel Cell

ELECTRIC CIRCUIT
{40% - 60% Efficiency)

02 (Oxygen)
from Air

Heat (85°C)
Water or Air Cooled

Air + Water Vapor

Flow Field

Plate

Gas Diffusion
Electrode (Cathode)

J L - Catalyst

Image source: TheSix Technology Solutions

23
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Fuel cell electric

End plate lﬁ
| i}

24

Current collecior ’ £

&

Air
§ Coolant

Hydrogen
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Potential FC powertrain layout

Distributed propulsion

Heat exchanger
located in nacelles

o AR i

A E %
Flg/) e P

Z EB INSTITUTE
(4

H2 tanks

Fuel cell and BoP

FlyZero regional aircraft concept

=
&5
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Fuel Cell challenges

Efficiency and heat rejection

250kW

1kg H2 = 33kWh

14.9kWh

250kW 220kW
50% efficiency 90% efficiency

University of
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Fuel Cell challenges

Efficiency and heat rejection

Mass in kg

0.525
w
3500 A -~ -0.500
s
-
—— Stack mass P 4
’
3000 +— Cornpr.e.ssor mass /a L 0.475
—— Humidifier mass S -
—— Heat exchanger mass # 2
2500 A 7T «
——— Total FC system mass L -0.450 G
- FC system efficiency %
2000 A E
F0.425 &
0
>
n
1500 4 &)
- 0.400
1000
-0.375
500 1+
r - 0.350
0.0 0.1 0.2 0.3 0.4 0.5
Oversizing factor
Image source: Preliminary Propulsion System Sizing Methods for PEM FC Aircraft, D. Juschus, 2021
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Mitigation

e Highly efficient low drag heat exchangers
e Evaporatively cooled thermal cycle

e High Temperature PEM stacks

Other issues:

Durability — flight cycles
Transient loads

PGMs for catalyst
Water management
Contrails

© shetieid /AMRC



Fuel Cell propulsion UK activity

e Intelligent Energy
GKN AEROSPACE

Aerospace
Solutions

w I ' ,W'W

= J
S =
[ .

L= ROAVIN

University of

28 Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023) % Sheffield I AM Rc



Electric motors

Safran ENGINeUS 100 MagniX Magni500

Air cooled PM radial flux Liquid cooled radial flux
125kW 3500rpm 560kW 2800rpm

Evolito D500 1x3

Liquid cooled axial flux
350kW 9000pm

5kW/kg peak, 3.5kW/kg continuous 3.4kW/kg peak, 3.1kW/kg continuous 12kW/kg peak

Various motor topologies being considered

Permanent magnet AC synchronous — high speed eVTOL
Brushless DC — low speed high torque

Wound field — superconducting machines

29 Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023)

Challenges:

Fault tolerance Magnet technology
Mass/packaging Partial discharge
Efficiency Certification

© shetieid /AMRC



Hydrogen storage 1kg Kerosene approx. 48MJ

Comparison of Energy Density and Specific Energy of Transportation Fuels
35

Li(u.:id s Lighter than kerosene  Lighter than kerosene Liahter
Compressed H, More storage space Less storage space 9

Storage volume for 1kg hydrogen (142M)J)

3

25

Compressed Liquefied Natural I
Natural Gas (CNG) Gas (LNG) I
L ]

L] .B“;‘"‘Gasolllr\’

1 Diesel
Heavier than kerosene Avgas Ke;gene (Jet Fuel)

Specific Energy: energy per unit weight (wrt to Kerosene)
b

. More storage space ® e e Coal
11,000 litres 0s . Ethanol
Different Batteries Methanol Heavier than kerosene Heavier
(Li-ion, Zn-air, etc.) Less storage space
0 . ®
0 0.5 1 15

Energy Density: energy per unit volume (wrt to Kerosene)

More Storage — Less Storage

m LH, = 1/3 mass of kerosene

But 4 times volume

Atmospheric
pressure

University of
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Hydrogen aircraft concepts

Introducing Airbus ZERC:e

Turboprop m‘i ' /.“

Blended-Wing Body

Turbofan

'Is it safe?' | Boeing executives cast
doubt on viability of hydrogen as an
aviation fuel

31 Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023)

',b 1,0004+nm

l’t‘ 2,000+nm

AIRBUS

Also fully electric version

4 pods
6 FC stacks for 2.4MW
2.1MW motor

FlyZero concepts have been created to understand the
technology potential and developments required.
* Regional FZR: hydr Midsize FZ-M
passengers, 800 nm —
to Prague)
= Narrowbody FZ-N: hydrogen gas turbine, 179 - ) U
are, 2 mi design range o N paT L b
Jml"”.’, a —
[ T L o
r- R =
L]
= Narrowbody FZ-N |
A
e 3
._‘__—-"'F-'I
T
PraC e T f"_;
. m_-»_#-
L]
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Hydrogen storage

Key challenges ©_TECHNOI OGY OVERVIEW

TP ey =
_________ » Pressurisation & Ve i

» Expected Max Operating Pressure

Temperature Management #* Failure Case Protection

* LH; & GH,

» Autogenous Pressurisation
» Active Cooling

» Stratification Mixing

e
* Materials compatibility i
* Hydrogen embrittlement (
* Permeability -
* Cryogenic %
* Bo A T
Boil off &
:
X
@
£
N

Structural Attachments

# Flight Loads /| Emergency Loads
# Tank Expansion / Contraction

# Thermal Bridge Isolation
Lightweight Cryogenic
Tanks

»  Metallic

= Composite

Leak Management
7 Leak Free Sealing
> Leak Detection & Mitigation

Refuel / Defuel « -
* Chilidown
» Purging

* Sloshing R
* Gravimetric efficiency

* System integration
e Location on aircraft
* Leakage

Heat Leak Control
» Conduction / Convection / Radiation

= Insulation - Foams, Vacuum & MLI Systems Equipment & Interfaces

» Pumps / Valves etc.

» Sensing / Gauging

» Bracketry & Supports
—_— » Pipe Interfaces

Electrical Grounding / Hydrogen Sloshing

» EMH # Structural Fluid Baffling

# Lightning Strike

Conceptual illustration of tank to highlight key design parameters only ~ ATI @ 2022 ATI Proprietary

University of
32 Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023) Shefﬁeld



Hydrogen combustion

"World first’ | Rolls-Royce and Easyjet
tests show 100% hydrogen
combustion can power aircraft take-

urning H2 in plane engine

2022 trials on modified AE2100 turboprop
2023 Pearl jet engine combustor trials
Full scale Pearl engine trails planned for 2025

33 Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023)

Challenges cf kerosene

Larger temperature gradients

Increased heat transfer of combustion products
Short guench distance

Increased water vapour

Hydrogen embrittlement

Mitigation

* New combustor/nozzle design

* Higher creep resistance alloys
Improved hot corrosion resistance
e Improved coating systems

© shetieid /AMRC



Sustainable Aviation Fuels (SAF)

Various non-fossil based derivatives
* Gen 1 produced from vegetable oils , crops
* Gen 2 produced from biomass (e.g. waste wood)

* Gen 3 synthetic fuels, power-to-liquid

All essentially a drop-in fuel and can be blended

SAF Pathways

Difficult to achieve true net zero
E-fuels Wastes Qils

Crops
-‘1@ 20%-70%

Net Carbon Emissions Relative to Fossil Jet Fuel

Image source: Climatedrift.com
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| H.0 [0
£ i .
|
Gasoline

PV Battery Electrolyser

Curtailment

A 4
Y

(=0

Air Air - CO,

—_— 0 Kerosene
= @ i - Production
— "\(CO%»
3 2 0
Wind Boiler CO, Capture CO, Storage
Diesel
O Electricty © Hydrogen O Heat o CO; Fuel

Image source: Royal Society of Chemistry

Potential other benefits of SAF

Reduction of the radiation
effect of contralls

» Significant reduction in
emissions at alrports.

no fossil CO,

Image source: FOCA
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Gas turbine developments

Ultra high bypass ratio (e.g. UltraFan)

140" fan diameter (ByPass Ratio 15:1)

25,000 to 100,000 Ib thrust

Carbon fibre fan blades with Ti leading edge &
composite case (saves 700kg)

Geared fan

Turbine stages reduced from 10 to 6

Ceramic matrix composites

Additive Manufacturing

10% more efficient than Trent X\WB

100% SAF compatible

Advanced hybrid (SWITCH)

Dual spool geared turbofan

Hybrid-electric

Water Enhanced Turbofan (WET)

20% improvement in fuel burn

50% reduction in climate impact (CO2, NOx,
contrails)

100% SAF compatible

35 Confidential. Copyright © The University of Sheffield AMRC 2023. Template: AMRC.PPTW — Revision 7 (Feb 2023)

Open rotor/unducted fan (e.g. RISE)

ByPass Ratio up to 20:1

Single rotating fan plus variable pitch de-
swirling vanes

All composite fan blades

Advanced metal alloys and CMCs
Additive manufacturing

20% efficiency improvement target
100% SAF compatible

Potentially compatible with hydrogen

© shetieid /AMRC



Hybrid solutions

GT z _Fuel Ce_ll
Turbofan

_ Motor

1 to Many
Fans
Motor

Fuel

Electric Bus Turbofan

Parallel Hybrid Electric

Hybrid system introduces
mass challenge, but
potentially unlocks specific
fuel consumption benefits

The scale of the benefits is

Turbofan
Electric Bus
1 to Many
Fans

Motor
| Y]

Generator

Battery

Partially distributed

Series Hybrid Electric

Turboshaft Electric Bus

Battery

Fully distributed

- —;

N

Distributed

Fans

still unclear, but the
underlying battery and
motor technologies are key
enablers.
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Propulsion system options

€0, Emissions

NOxEmissions

Contralls

Fuel Volume

Fuel+Propulsion
System Mass

Alrport
Infrastructure

Image source: ATl FlyZero

LH, Fuel Cell

LH, Combustion Gaseous H,

o=
8
3

SUB-REGIONAL

HYDROCEN ELECTRIC

iz

BATTERY ELECTRIC

REGIONAL NARROWBODY MIDSIZE WIDEBODY
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External factors and considerations

Fuel prices

Scalability of fuels

Green energy, green hydrogen

SAF trades at a premium compared to conventional jet fuel
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Global legislation and policy (USA oil & gas, cro

Airport infrastructure - globally
Supply chain: critical raw materials, carbon boz
New platforms to install new technology

Certification of new technology

Airbus pushes back ZEROe timeline and
ditches A380 fuel cell flight-test plan

By "g\: Dominic Perry | 8 February 2025
«

0000 Q

Airbus has delayed the service-entry target for a hydrogen-powered aircraft developed under Its
ZEROe project by up to 10 years and axed plans to flight-test hydrogen propulsion systems,

according to a French trade union.

Blaming significant technological and infrastructure challenges for the move, the airframer

nonetheless insists it remains “committed” to the eventual launch of a hydrogen-powered aircraft.
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Future propulsion technologies: summary

Aircraft engines have massively improved efficiency since their introduction

Increasing passenger numbers and flights has led to increasing emissions

Aerospace is difficult to decarbonise, so the share of emissions is increasing

Various technologies are being considered to provide zero or net zero propulsion

Challenges remain

41

Energy density of batteries
Power of motors

Thermal management
Hydrogen storage

Overall energy mix
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Thank you.

For further information please contact or visit:

j-hunt@amrc.co.uk

07917 307791

amrc.co.uk
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