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Automotive Council UK roadmaps 2024
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How do our technology roadmaps look?: A sample from Electric motors
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Technology indicators

Mass-volume
technology

Luxury
technology

High-
performance
technology

Volumetric power density (kKW/)
Gravimetric power density (kW/kg)
Peak power (KW)*

Continuous power (KW)*

Volumetric power density (kW)
Gravimetric power density (KW/kg)
Peak power (kW)

Continuous power (KW)*

Volumetric power density (KW/)
‘Gravimetric power density (kKW/kg)
Peak power (KW)*

Continuous power (KW)*

“potertially deliversd by muttiple motors

Power dens:
Continuous

Power is Net Power, as defined in ECE R85
“*NAMM with lower power requirements such as forklifts
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Technology Roadmap 2024
Electric Machines

Volumetric power density (KW/T)
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Executive roadmaps - launched Narrative reports - launched Innovation opportunities - 2025/2026
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Structure for the innovation opportunity report @ PROPULSION

Innovation opportunities for electric machines
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Technical innovations
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Enablers and opportunities to hit technological indicators

Durability and long
operational life

Thermal

management Energy efficiency

Lightweight and Diversified motor
compactness architecture

l

Supply chain and cross-cutting trend innovations

Cross-cutting
technology trends

Rare-earth
resilience

Security of supply

Enablers and opportunities to tackle supply chain and technology trends



Methodology for the innovation on technical pathway PROPULSION
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There were 14 identified innovation technology priorities for the five capabilities. Within these identified innovation areas, based on the
significance and the feasibility to the UK’s capability, the opportunities were further aggregated into the following five prioritised innovation
opportunities

Innovation requirements: 5 key Identified Innovation areas: 14 Prioritised innovation list: 5
capabilities needed innovation areas identified Priority innovation areas to

Inputs to review

Technical capability themes Identified innovation areas Relevance to the UK’s

Roadmaps needed significance

Technical requirements for Identified innovation

hitting targets opportunities Prioritised list

Workshops with experts

Relevance of opportunities
to meeting requirements
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Prioritised opportunity for technical innovations ADVANCED
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Feasibility (Ability o Axial flux architeoture and in-
and time to wheel motors
commercialise in
the UK)

SMC (soft-magnetic

composites) ‘

Advanced
cooling
methods

Al-based
control strategy

Innovative winding techniques

4

>
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Strategic importance to the UK

’Thermal management ’ Energy efficiency ’Diversified motor architecture



Prioritised opportunity for supply chain and cross-cutting innovations ADVANCED
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Summary recommendations for technical innovations
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Innovation opportunity Description Actions to strengthen the
opportunity in the UK

Diversified motor architecture

2 Soft magnetic composites (SMC)

3 Advanced cooling methods

4. Al based control strategies for e-motor
control

S. Innovative and ultra-low loss winding
techniques

Axial flux motors can offer high torque density in
compact, lightweight packages conducive to in-
wheel or near-wheel mounting

Using soft magnetic composites (SMC) in place of
laminated steel

Advanced cooling methods to improve the
performance and efficiency of electric motors in
auto applications

Al-based torque and speed control mechanisms

Development of unique winding configurations for
improving the efficiency of the motors.

Strengthen and leverage the
current scale-up facilities

Invest in R&D for improving the
manufacturing readiness levels

Invest in R&D for improving the
TRL levels

Identify and incentivise
companies in the UK who have
the capabilities

To invest in scale-up facilities
for the winding manufacturing
companies in the UK
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Innovation opportunity Description Actions to strengthen the opportunity
in the UK
1 Magnet supply innovation To provide opportunities in the UK for de-risking Establishing advanced facilities for
the rare-earth supply vulnerabilities the recycling of NdFeB magnets
2 Scale-up lines for Induction To de-risk and accelerate the adoption of rare-  Set up scale-up facilities and e-motor
motor and EESM earth-free motor types, which has clear foundries for non-PM motors in the UK
environmental and supply chain benefits
3 Al-driven design and To leverage the strengths of Al-driven Identify and invest in R&D use cases
optimisation technology trends that can provide real-world objective
data on the Al applications
4. Additive manufacturing Additive manufacturing for stators and rotors Work closely with Industry and
also presents an area of opportunity, academia to form a collaborative

particularly for innovative winding techniques research network
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Rare-earth export controls incoming from China @ PROPULSION

China’s Ministry of Commerce (MOFCOM) has announced sweeping new export controls on lithium-ion battery components and rare earth
elements. The 9 October 2025 announcement expands restrictions beyond raw materials to encompass production technologies and
processing equipment, marking a major expansion of Beijing's export controls.

HREE price volatility timeline Vertically integrated Chinese rare-earth supply chain poses a
Unit: US$/kg significant challenge for the European critical industries
Nowv-24: New Apr-24:
quota China's HREE
regulations exports 260
1,200 a_\r_‘ld ) controls
stér:-nce?abf::lgg introduced o
eeme Rare-earth mining Rare-earth refining Magnet manufacturing
250 9% 600
31% | b
1,000 \
’J\VJ 240
800 \ﬁ/\/\ “h \'J\/‘ 230
220 = China = RoW = China = RoW = China = RoW
600
Sep-24 Nov-24 Jan-25 Mar-25 May-25 Jul-25 Sep-25
®Tb(LHS)  ®Dy (RHS) 99% of the rare-earth permanent magnets are made of NdFeB, and 95% of the
bublished price sssessont: 10/05/2095 T 44 BENCHMARK NdFeB used in EVs are sintered magnets.

Source: Woodmac,Benchmark intelligence
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Magnet recycling value chain can play a key role in securing future of automotive(( rrorursion

electrification in the UK

REE magnet manufacturing
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REE magnet recycling
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EV motor
assembly

Short-loop recycling
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Dismantling
of motors

NdFeB waste

Refurbish magnet

long-loop recycling

material through
hydrogen gas
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Leaching magnetic

waste to produce rare- <=
earth oxides

Source: REIA and Innovate UK



Developments within UK for permanent magnet recycling in short and long- QEX,QBESE,%N
- ENTRE UK
loop recycling

HYPROMAG
Site visit: HyProMag opens UK’s first rare jonic
earth magnet recycling facility technologies

Rare earth recycling plant wins £12M UK govt grant offer

lonic Technologies' commercial-scale Belfast magnet recycling plant edges nearer

James Stent

yProMag inaugurated the UK's first commercial rare earth magnet recycling and
manufacturing facility on 15 January at an event attended by Benchmark rare earth
analysts Neha.Mukherjes and Evelyn.Zhou .

Source: Benchmark Intelligence

Source: Mining Magazine
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Comparison of key rare-earth free motor technologies PROPULSION
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The comparison shown in the table above highlights why PMSMs remain the dominant EV motor, combining very high efficiency and
torque density with strong startup performance

EfflClency Very high High Medium—high Medium-high Medium-high Medium

Very high High Moderate Moderate—high Moderate Moderate

Heavy Partial None None None None
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Rare-earth free motor landscape is evolving to cater supply chain needs PROPULSION

The current geopolitical risks and supply chain shocks countries outside China face due to export controls, has pushed OEMs to innovate

on alternate technologies

Externally excited / wound
rotor synchronous motors
(EESM aka WRSM)

MAHLE

| = JENEINN
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@ SCHAEFFLER

BOSCH

Switched reluctance and
synchronous reluctance
motors (SRMs & SynRM)
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Electric
Machines
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Ferrite magnet motors

OLAELECTRIC

AL HR HD
Mmpmw

Magnetics

o) &
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Induction Motor

N

Q) Allison

Transmission

CATERPILLAR

Source: APC Analysis

Note: list is non-exhaustive and is
constrained to traction motor applications
only. Some auto OEMs not shown here may
be exploring EESM/WRSM in the future but
no publicly available information was found.
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Thank you for listening
QR code links to our Knowledge Base

Contact:
Aditya.thiru@apcuk.co.uk
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