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Scope and distribution

This document has been produced solely for consultation purposes and
does not represent an official strategy of the HVM Catapult.

The document is a working draft issued ahead of wider industrial
consultation and should be treated accordingly. It will be updated in the
coming weeks as feedback is gathered and incorporated into the
strategy framework ahead of formal publication.
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Technology transformation map

transformation maps support industrialists and researchers to underst

hnology
capabilities will emerge and reach maturity so they can navigat I

dv ar

l f vation landscape.
spire
HVMC Technology transformation map

Mid-level overview mapping priority technology vision, connecting industry
chal long-term innovation goals for strategic direction and
ion.

Level 1 Technology transform

eeeee

igne provide a concise summary and positioning of technology domain.

Chief Technology officers & other executive functions
Government officials

Industry leaders

Chief & Principal Engineers

Academics

Timelines
Each time horizon is separated by colour strands and helps illustrate when

technologies and capabilities will reach maturity ready for industry adoption

Priority industry capability needs

these are the critical areas identified through our

extensive workshop process and data analysis.

Refer to the L2 pathways diagram for further details 3
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Key demand drivers caTAPULT
are the relevant challenges to this manufacturing techno UK
manufacturing sectors are facing 1

ties ‘ catAPULT Level 2 - Influence

°
Sessnet Standardised, sustainable Increas; i Re 4 Cost tive, resource- Materials innovation and Key d e m a n d d rlve s

manufacturing and m ‘argesca supply chains . and carbon certified circular material-
circularity practice nufaci manufacture lar imised manufacturing, supply chains
minimising wast space sleas =ate ¥ through advanced tooling,

gupoycling, and Vdrogen ssctors " design and simulation R peramance oy o A comprehensive and detailed breakdown of industry
enabu use P . . . .
e e : 5 challenges and opportunities within this technology domain.

uce larger, more:
g and repeatably.
reiiance on imports.
~oration ot dightat manutacturing
technologles: Use of advanced simulation,in- Mstariat and process agility innovative t-
frocess monitoring, and adaptive controt to Developing iexioie nea net shaps processes Do
‘ensure dimensions! accuracy and traceability hat can muttple alloys and ! s circutartty:
in large-scale companents Component geometriss ACToss SECIOLs.

Designed to provide social, economic, political, environmental
and legal direction to our technology roadmaps.

Investment in advanced infrastructure Dightsi conne~
‘Expansion af nation taciities and testbeds Imptementing ——
‘#0108 HVMC cantres to support inoustrial- Standarsstos naparency, quain,
scaletrials snd quaiication ot large. assurance, ponse o suppl &
companents.

S e an ey ... S o e 4 = Chief Technology officers
Innovation: Shared R&D in slloys, coatings, ‘s feadstocks, U L RIS .
el he et b SNEm 4 = Strategy focussed executives
oo i st ‘ e )

= Chief & Principal Engineers
= |ndustry leaders

= Academics

Strategic summary

There is a strong and growing demand for low-carbon, energy-efficient production, m o : :
expanded large-scale manufacturing capabilities, and resilient domestic supply chains ol Strategic Imperatives

across the UK’s high-growth sectors. To achieve sustainable and scalable growth, itis
essential to position and support the UK’s advanced manufacturing sector as a leader ) skilled > d
in high-value, circular, and precision-engineered manufacturing for NNS. ) - ) S~

Dr Evgenia Yakushina, NMIS
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Industrial capability needs

cAatAPULT

High Value Manufacturing

are what industry needs to be able to do (skills, processes, tools, systems)

to stay competitive & meet future challenges

Level 2 - Influence
HVMC technology domain roadmap

Detailed view mapping connected innovation areas & providing a
clear review.

Designed to guide organisations with the development of internal
technology and product roadmaps.

Chief Technology officers
Strategy focussed executives
Chief & Principal Engineers
Industry leaders

Academics
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Innovation requirements cATAPULT

are the technologies, tools, processes or technical en\blGNo

support the UK’s frontier industries
Level 2 - Influence

HVMC technology domain roadmap

nnnnn

Detailed view mapping connected innovation areas & providing a
clear review.

Designed to guide organisations with the development of internal
Digratrvesa T technology and product roadmaps.

= Chief Technology officers
uuuuuuu - ; g = Strategy focussed executives
= Chief & Principal Engineers
T - - = Industry leaders

= Academics




Y,

N

Pathways for priority industry capability needs

catAPULT

High Value Manufacturing

This view lays out a potential connected system architecturefor industry

scale-up supported by our network of specialisticentres

@] Pathways for priority industry eapability needs
— A potential connected systemiarchitecturefor industry s¢ale-up

Near net

caTAPULT

2026 2027, 2028 2029 2030 2031 Industry deployment and further innovation 2038

Viable methods to reconsti

> critical metals into high-qu

complex comp:
7 Create W aterials {:Q} 2
\ database, digital passports, recycled ¢ -strength

‘smart testing facilities, \ and longer rials

. and demand mapping
\Qlcuhrm nufacturing

Integrate modelling, digitsl twins
system architecture to support real-ti
process optimisation and predictive

control across manufacturing stages Improved process control and
z assurance through intelligent
= 077 monitoring, metrology and self- oy foemm e o

and carbon optimised =
Wﬁn‘.mwm N
d d \ calibrating tooling

Establish NNS focussed cross-
groups for industry
with arge-scale prototyping hubs
to support automation and
rapld product development

rototyping.

complex component designs

R RTEER \
and localised heating A\
systems for forming and

; ity tor S ” : \ Accelerated at-scale process
lmwmw forging applications \ > P
advanced t \o 7/ development, optimisation and
mu,md—m-d R A— {837 qualification through advanced
! 0p valida attwins,
‘hydrogen sectors e s o it process modelling & digitalisation
tools to enable certified NNS

manutacturing routes

Diagram Legend

. Y
Key Demand Drivers D !&
High-growth  ,4vanced

® B & B ®

Defence Foundation Digital & Life Clean Energy
sectors Manufacturing Industries Technologies Sciences Industries

Technology domain innovation priorities as
highlighted by our TSPGs

Large scale industrial capability development
opportunities

Networked innovation pathways

Potential impact mapped to UK high growth
sectors

THE UK'S MODERN = "
INDUSTRIAL - - Executive
STRATEGY,
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High Value Manufacturing

I Level 1 Technology transformation map catAPULT

2026 2030 2035 Vision

Near net

Innovative end-of-life strategies, Vi_:_b‘elme‘th‘l’d_“: Le_;‘:"s“‘l'f:e / Leading innovation for near net shape

optimise materialusage through critical metals into high-quality, . .

simulation, and design for sorting complex components, using higher technologies and strategies by
and remanufacture recycled content, high-strength pioneering new techniques,

and longerin use materials

. O
Low-carbon feedstocks, electrified reducmg waste |g|tal|sat|on,
Build UK supply chain intelligence, » X heatingsy.sterr?sz energy-efficienttooling and enablir sustainable,
material datasets, and demand Eff[Clent heannAgfor and precise digital process controls to la ~ale manufacturing
i igh- hybrid and sustainable reduce emissions and material waste
forecasts aligned to high € ) - L UK’s high
performance applications formingprocesses a > g

'h sectors

{ Improved process control ;:é'} 4 Stand s to suppo e)-
d Recycled contentfor and assurance through manufacturing, enablingan
el hybrid and sustainable intelligentmonitori logy increasinguse of high-value,
/ formingprocesses and self-calibratingtooling recycled material

Accelerated at-sca oces:

. : develop nt, optimi onan N e N
Dlagram Legend alifice nthrough anced Con.1blne addltlve., cas.tlngand.
" N formingtechnologies with hybrid
process mo ingandd lisati

toolingto create tailored composite

Key Demand Drivers structures and components

are the relevant challenges to this
manufacturing technology that the Expand UK strategic
UK manufacturing sectors are facing capability in

incremental forming

Increased automationand
digitalisation to enhance

Industry Capability Needs

are whatindustry needsto be able to

do (skills, processes, tools, systems) to Create national materials
stay competitive & meet future challenges database, digital passports,

Innovation Requirements smait testingfacl
a and demand mappi g e , digitaltwins ani
are the technologies, tools, processes

N il i support real Partner with powder suppliers
or technical enablersneeded to support imi: i and universities to develop and
the UK’s frontier industries " N

anufa qualify materials for extreme

Priority industry capability needs environments and formability
these are the critical areas identified through our
extensive workshop process and data analysis. 4
Refer to the L2 pathways diagram for further details ydrog d electric furnaces to e

enable cleanerthermalprocessing (EAE S :
. . . by replacingfossilfuel-based heating accel?rate thevalidation
L1 interactive sunrise i h-temperature operations of sustalnal?le manufacturing
diagram o technologies and complex
componentdesigns

production efficiency, consistency
and data-driven decision-making

Scaled-up testi

Embed modularisation, DFX,
and dismantling principles into

design standards and materials
processingknowledge base

Click here to access the interactive version ~ Follow the QR code or you can also
of this capability roadmap click here


https://www.jasondavies.com/innovateuk/
https://iuk-business-connect.org.uk/wp-content/uploads/2023/03/Innovate-UK-Materials-and-Manufacturing-Vision-2050.pdf
https://hvm.catapult.org.uk/wp-content/uploads/2025/07/Composites-manufacuring_July-2025.pdf

Near net
shape

Standardised, sustainable
manufacturing and materials
circularity practices by
minimising waste,
maximising upcycling, and
enabling re-use

Process efficiency through precision
forming: Near net shape techniques reduce
machining allowances, material waste, and
embodied carbon by producing con nts
closer to final geor

i-loop terial syste
Enha d sc ecovery and yre-i ing
practices ena ircular use gh-va
metals such as nium, alu um, anc
nickel s ralloy

wins for lifecycle optimisation
Data-driven modelling of forming and forging
processes supports predictive control of yield,
recyclability, and material flow.

Cross-sector knowledge transfer

Lessons from aerospace, defence, and energy
sectors drive scalable, sustainable near net
shape solutions for wider UK manufacturing
adoption.

Strategic summary

Increased capacity for
largescale advanced
manufacturing for
aerospace, nuclear, offshore
and hydrogen sectors

Scalable near net sh= o« process
Development of high- rage forgir rming
&cn g car Tties nduce lar; more

co ax structures effi tly and rey ably.

Integration o tma returin
technologies: U: ‘advar uation, in-
roCc nonito and adaptive control to
asure.c cinalaccuracy and traceability
large-scale components

Investment in advanced infrastructure
Expansion of national facilities and testhers
across HVMC centres to support

scale trials and aua'ification of la,

componel

Cross-sect esign and erial
innovation: red R&D in yS, CC gs,
and formingr ods to meet deman
performance ¢ safet \dards across
aerospace, enc d offshore sectors.

Resilient UK manufacturing-
supply chains to
manufacture !'=rge, cciiiplex
components for varied
operating conditions

Distribu near n: pega ity

Building dnalm facturing i) LLs

equippec ‘01 zastirc ‘orging, and formingto

strengthen domestic capacity and reduce
L.uiice onimports.

Material and process agility

Developing flexible near net shape proce=
that can accommodate mul*pt o
componentgeoma* /i 3 sector.

D ~onnectiv nd trac~ability
mplementingend gitaltwins & A
dai nensur nsparency, qualit
ranc drapi 3ponse to supply ¢/ iui

and secure g
[vomotingthe use of recycled feedstocks, UK-
based material supply, and circular economy
principles to enhance long-term resilience and
sovereignty.

Key demand drivers: industry challenges and opportunities

Cost-effective, resour

efficient and carbc

optimised manufacturing,
hrough advanced tooling,
2sign and simulation

Optimised process design

Using advanced simulation and digital twins to
minimise trial-and-error, reduce material use,
and optimise forming sequences for cost and
carbon savings.

Innovative tooling solutions

Developing adaptive, long-life tooling and dies
that improve process accuracy, extend service
life, and reduce waste.

Integrated design for manufacturability
Embedding near net shape principles early in
product design to reduce machining, energy
use, and production time.

Data-driven performance monitoring
Leveraging in-process sensing and analytics to
continually improve yield, efficiency, and
sustainability metrics.

catAPULT

High Value Manufacturing

Materials innovation and
certified circular material-
supply chains

Ad d alloy devel Designing new
high-performance alloys optimised for near net
shape forming, improving formability, strength,
and recyclability.

Recycling and re-melting innovations:
Establishing efficient re-melt and reuse
pathways and standards for high-value metals
such as titanium, nickel, and aluminium to
close the materials loop.

Design for circularity:

Embedding circular economy principles in
component and tooling design to enable easier
recovery, repair, and re-use of materials.

Process-material co-optimisation:
Using simulation and data-driven controlto
match materials and forming processes for
maximum yield and minimum waste.

Sustainable feedstock sourcing:

Expanding use of secondary and certified low-
carbon materials to reduce embodied
emissions and support UK supply chain
resilience.

There is a strong and growing demand for low-carbon, energy-efficient production
expanded large-scale manufacturing capabilities, and resilient domestic supply chains
across the UK’s high-growth sectors. To achieve sustainable and scalable growth, it is
essential to position and support the UK’s advanced manufacturing sector as a leader
in high-value, circular, and precision-engineered manufacturing for NNS.

!?.E""'"" Strategic Imperatives

) Skilled and empowered ) Resource efficient and regenerative
) Innovative and Digital

Dr Evgenia Yakushina, NMIS




Innovation requirements — near net shape

2026 2030 2035

catAPULT

High Value Manufacturing

2040

Expand UK strategic capability in incremental forming Combine additive, casting and forming technologies m‘ e Q posite str

Expand UK strategic capability composite thermoforming through Address UK gaps manufact ply chai
equipment development

1.CM a h-quality anufa
Develop hydroforming and electro-hydroforming presses to support P igh-qual NS ma
advanced forming processes in NNS manufacturing 3. R g mil S inium) igh-qua

Technology domain
specific

build workfo

Innova drog and electric localised heating systems for forming and
ging applications

L ase, digital passports, smart testing faci
DIZEERIEIRE i r circular manufacturing

Manufacturing F

advanced materials

Value retention

Advanced and
interconnected process
modelling

into design dards and materials processing knowledge base

Harmonised life Establish LCA databases and carbon accounting standards to measure
cycle analysis sustainability across f i

Intelligent manufacturing I Develop validated digital twins, process models, and simulation tools for PM-HIP and Near net shape certification

assurance & regulatory
engagement Work with.regu!ators and agencies !ike. NI?A to align Near net shape Create hydrogen testing facilities and collab with dards bodies
hnol with l di g needs and OEMs for material qualification




Technology domain

Embedded Al for
advanced manufacturing

Manufactu
advanced

Value retention

Advanced and
interconnected process
modelling

Intelligent manufacturing
assurance and regulatory
engagement

Harmonised life cycle
analysis

Industry capability needs — near net shape

2026

|

Efficient heating for hybrid and sustainable forming processes

Expand UK HIP furnace capacity, reuse existing equipment, and scale up
forming of ceramics and refractory metals

|

Recycled content for hybrid and sustainable forming processes

Promote right behaviours across industry to support adoption of sustainable
and advanced manufacturing practices

Address UK skills gap in heavy industry through targeted training and workforce development initiatives

caTAPULT

High Value Manufacturing

2040

Improved process controland assurance through intelligent monitoring,
metrology and self-calibrating tooling

Enable recycled metals in NNS, improve formability, and validate performance
against virgin and mixed material inputs

Build UK supply chain intelligence, material datasets, and demand forecasts aligned to
high-performance applications

Low-carbon feedstocks, electrified heating systems, energy-efficienttooling and precise digital process controlsto reduce emissions and material waste

Viable methods to reconstitute critical metals into high-quality, complex components, with higher recycled content, high-strength & longer in use materials

Innovative end-of-life strategies, optimise material usage through simulation, and design for sorting and remanufacture

Reduce joining, optimise models for PM-HIP, ceramics, and tooling cost
reduction through robust simulation tools

Accelerated at-scale process development, optimisation and qualification
through advanced process modelling and digitalisation

Intelligent monitoring, flexible tooling, and advanced metrology for improved assurance
and thermal control

Standards to support (re)-manufacturing, enabling an increasing use of high-value, recycled materials

Develop LCA, repair, and recycled material standards; accelerate certification
and centralise carbon and performance data




Pathways for priority industry capability needs
: . . catAPULT
A potential connected system architecture for industry scale-up

Near net
2026 2027 2028 2029 2030 2031 Industry deployment and further innovation 2035
shape o O O 0 0 O = = = = e e e
Partner with material suppliers Work with regulators and
and universities to develop and standards agencies to
Standardised, sustainable qualify mﬂt:fiﬂlsdf;" ex"gfl'.‘: Sux!::r:i:‘c':‘l?a‘re;:ft‘::;gli:s Viable methods to reconstitute
manufacturing and materials environments and formability critical metals into high-quality,
circularity practices by minimising O‘ - —O complex components, using higher
Wwaste, maximising upcycling, CRLIOOMEREE LS “ recycled content, high-strength
and enabling re-use database, digital passports, du 5 ial
smart testing facilities, and longer in use materials

and demand mapping
for circular manufacturing

Materials innovation and certified

circular material supply chains for
manufacturing

ishL abasesm
¥ coul standards to
measul stainability across NNS

manufacturing technologies

Cost-effective, resourc

Improved process control and
assurance through intelligent
monitoring, metrology and self-
calibrating tooling

and prototyping

erate the validation of
ustainable mal turing technologies

ﬂomple ponent designs

with large-scale prototyping hubs
to support automation and
rapid product development

for larg L

advanced manufacturing for
aerospace, nuclear, offshore and

Accelerated at-scale process
development, optimisation and

e el e eT qualification through advanced
hydrogen sectors evelop validated digital twins, ) )
process models, and simulation process modelllng &di

tools to enable certified NNS
manufacturing routes

Diagram Legend .

4 5 Er ot Eaie

i i i ili gartmem for | [ o ."“If:ﬁ

Key Demand Drivers Innovation Requirements Industry Capability Needs Bliineas & Trade (E'n E !ﬁ iy @;
are the relevant challenges to this are the technologies, tools, processes are what industry needs to be able to . == — =
manufacturingtechnology that the ortechnical enablers needed to support do (skills, processes, tools, systems) to ngh'grOWth
UK manufacturing sectors are facing the UK’s frontier industries stay competitive & meet future challenges

Advanced Foundation Digital & Life Clean Energy

sectors Manufacturing Defence Industries Technologies Sciences Industries



Additive
manufacturing

"‘ where
il , l(. ha%f:%%fss = innovating

for industry




Additive
® manufacturing

Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnglogy that the
UK manufacturing sectors are facing

Industry Capability Needs

are what industry needsto beable tor

do (skills, processes, tools, systems) to
stay competitive & meet future challenges

Innovation Requirements

are the technologies, tools, processes
ortechnical enablers needed to support
the UK’s frontier industries

Priority industry capability needs

these are the critical areas identified through our
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details

L1 interactive sunrise
diagram

Technology transformation map

2026

Improve designs of next-
generation components
with lower through-life cost

Advanced design, materials and
manufacturing concepts to enable
large complex assemblies with
lower part-count

Circular metals strategy supported
by efficientrecycling loops and
material recovery driven by
government policy

Adoption of circularity
principles by UK
industry, specifically
supply chains

2030

to develop and qualify
and recycled materials

035

Digitaltools thatenable an {g}&,
effective design workflowand "
digitalthread

Mature, reconfigurable
additive and hybrid
manufacturing systems

A mature, robust and flexible
UK supply chain with a capable
workforce, manufacturing

equipmentand material
2

Standards and best practice {@}/‘
guidance for manufacturing and

certification of AM components ..
Fast validation of product

performance and shorten
developmentcycle
Improved cost, rate, scale ;&'}
and quality of AM processing ™
to enable economic and
sustainable applications
Automate design workflow for high-

complexity geometries supported
by process modelling

catAPULT

High Value Manufacturing

Lead the UK’s advancement in additive
manufacturing, drive innovation,

AM standards and insight to accelerate
adoption, strengthen industrial
capability and unlock sustainable
economic growth through developing
accessible world-class expertise,
technical leadership and

technology foresighting

Al-supported part

Develop and apply priority AM
technologies to process materials and
create componentsto enable new
applications and life extension

Develop end-to-
end process chain
thatintegrates with
the AM processes

Demonstrate an effective design
workflow and tal thread,
supported by materialdata, process
simulation and process data capture

Automate design workflow for
high-complexity geometry
supported by process modelling

Implementtechnicaland
commercialtr: programmes,
including apprenticeships and
upskilling of existingroles

Improve efficiency and efficacy of
partinspectionfor QA, creating
routes to rapid qualification

Follow the QR code or you can also
click here

Click here to access the interactive version
of this capability roadmap



https://www.jasondavies.com/innovateuk/
https://iuk-business-connect.org.uk/wp-content/uploads/2023/03/Innovate-UK-Materials-and-Manufacturing-Vision-2050.pdf
https://hvm.catapult.org.uk/wp-content/uploads/2025/07/Composites-manufacuring_July-2025.pdf
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Additive
manufacturing

Key demand drivers: industry challenges and opportunities

Improved designs of next-
generation components
with better performance
and value

Advanced design for AM enables complex
geometries impossible with traditional
methods, improving component functionality
and system performance

Lightweight lattice strt:otures redu
while maintainin g 2bling €
efficiency des' iordemai fapp ions

Integraied m material pr 18 providas
tailored prope enhancin ability
thermal monag tand| .rvice
reliabili

nabled part consolidation will reduce
assembly steps and improving operational
robustness across product lifecycles.

Digital design workflows link simulation and
AM processes, accelerating innovation and
reducing development time for advanced
components

Strategic summary

Reduced cost of
manufacturing through a
more efficient and flexible
manufacturing process

On-demand, distrib'**~ | manufa ng
reduces inentory, too ‘expense, long
sup” 2 nce.

Ra; foneveles mise rew: nd
deveiepr Tnes, rering ¥ "
more cost-effect: roduc il

J0l-le .<tion enables economical
v-volume and customised manufacturing
compared with traditional forming or
machining.

Automated AM workflows impi
repeatability and redt~a labour-i sive
steps, low >r part

Advanced |
use by build
loweringwas

gn for AM ces matarial
nly require ome
\d produr i costs

Sustainable
manufacturing througl
reduced material was

a nergy usage

Near-n hape A} s ining
operatio nd ass ted energ,
consump acros oduction lines

cycled metal powders and polymers
extend material life and reduce environmental
impact of feedstock sourcing

Digital monitoring optimises bui
parameters to reduc demand
minimise proces iability

tion supy
\sport emissions &
L performance across

ns, decreasing

AM enabled local
c
i oving environm

sess optimisation minimises scrap
generation, supporting circular economy goals
and resource efficiency

Advaneed digital toc

and end to end

manufacturing da
rocessing frameworks

Integrate sensor-rich AM equipment with
real-time monitoring systems to capture
detailed build data forimproved control

Develop interoperable data standards
enabling seamless communication between
design software, AM machines, and
downstream inspection processes

Implement automated analytic pipelines
that convert raw AM process data into
actionable insights for quality assurance

Use digital twins and predictive modelling
frameworks to optimise AM workflows,
reduce variability, and enhance production
efficiency

Create digital warehouse to enable on
demand manufacturing of replacement
components without the requirement of a
physical inventory

catAPULT

High Value Manufacturing

Extend component life
and value across the
lifecycle (e.g. through
remanufacturing)

AM repair techniques restore high-value
components, reducing replacement needs and
extending operational asset life.

Precision deposition enables targeted
refurbishment of worn features, improving
component performance and durability.

Digital twins support predictive maintenance
and AM-enabled repair planning across
complex industrial assets.

Customised AM overlays enhance surface
properties forimproved wear, corrosion, and
thermal resistance.

On-site AM repair capabilities reduce
downtime and cost, strengthening resilience of
critical systems and infrastructure.

Additive manufacturing is transforming UK industry through innovative component
design, efficient digital production, and sustainable, low-waste processes. It extends
asset life, reduces costs, and strengthens supply-chain resilience. By enabling
advanced materials, rapid iteration, and distributed manufacturing, AM underpins a
more competitive, adaptable, and future-ready high-value manufacturingeconomy.

- movt- Strategic Imperatives

) Skilled and empowered ) Resource efficient and regenerative

ient and respor ) Innovative and Digital

Dr Hoda Amel, MTC




Industry capability needs - additive manufacturing caTAPULT

2030 2035 2040

Advanced design, materials and manufacturing concepts to enable large complex assemblies with lower part-count
T

Improve designs of next-generation components (better performance, more sustainable, better value) with lower through-life cost

Technology domain specific Distributed (and reconfigurable) manufacturing system and increased supply chain collaboration for resilience / centralised (i.e., clustered) factories

value retention and virgin-to-Eol material supply chains

Reduce cost of manufacturing through more efficient and flexible additive Deployment of a skilled workforce across the manufacturing value chain to support additive manufacturing, component lifecycle,
manufacturing processes

High performance AM components enabled by the design freedoms offered by additive manufacturing to improve the efficiency of clean energy systems

+

Digital Thread Deploy advanced digital tools and end-to-end manufacturing data processing frameworks

) Define acceptable read-across conditions for transferring material and process
Intelligent manu ing qualification across AM machines and applications.

assurance & re| ory
engagement Fast validation of product performance and shorten development cycle

Open access methods for material traceability > Optimised AM materials with higher strength and performance characteristics

Manufacturing with advanced
materials Circular metals strategy supported by efficient recycling loops and material recovery driven by
government policy

Adoption of circularity principles by UK industry, specifically supply chains

i Pi timisati d predictabilit ing data, < lation, control syst f L
Advanced and interconnected rocess optimisation anciprecictabiy YVEIEEET, il el CAEE S i) 0 Fast validation of product performance and shorten development cycle
process modelling productivity, performance, energy use, assurance and cost savings

Embedded Al for Digitalisation and data-driven manufacturing for efficiency, quality, cost and sustainability Integrated decision tools for production based on combination of simulations
advanced manufacturing improvements and real data

Automation of processes and

al integration Mature, reconfigurable additive and hybrid manufacturing systems >

Extend life of components across lifecycle with additive manufacturing

i Advanced additive manufacturing methods to minimise waste . X
Value retention g technologies (e.g., repair / remanufacture)




Technology domain
specific

Digital Thread

Manufacts
advanced matel

Advancedand
interconnected process
modelling

Embedded Alfor
advanced manufacturing

Automation of processes
and digitalintegration

Value retention

Harmonised Life Cycle
Analysis

Innovation requirements - additive manufacturing

2026

2030

2035 2040

Drive mar

Pull-through AM techn

for keysectors

efficiency

training

rify current Al
applications,

Partner with p
recycled materials

Focus on materials toenable priorityi i i
development of emerging high-potential matcrials

workflow for higl
modelling

AM process ing for i
applications

Developii
detect deviations instantly

ityto ernally,
e

ntinuous improvement of the
ndards / data setstokeep up

with technology developments

multi-material,
ign worl

rapid build
cost reduction

toreturn

Filld. in for priority

Supportis

Encourage adoption of
interchangeable AM processes &
interoperable process chain steps

catAPULT

High Value Manufacturing




B

Additive
manufacturing

Advanced digital tools and end to end
ing data p g
frameworks

Improved designs of next-generation
components with better performance
and value

bl ing gl
reduced material waste an

energy usage

Reduced co
through a more et

Extend component life and value
across the lifecycle

Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

Pathways for priority industry capability needs
A potential connected system architecture for industry scale-up

catAPULT

High Value Manufacturing

2026 2027 2028 2029 2030 2031 Industry deployment and further innovation 2035
o o o o o O mmm e m R 0
AM. ical and
Automate design workflow for aining - P
high-complexity geometry Y ALl ©
. develop a highly capable, future-ready
supportedby process modelling . . e
manufacturing workforce Dlglta Ltools that enable an
O— —O effective design workflow

Demonstrate end-to-end
digital thread

changes in

rate/scale/quality

. -
Integrate modular design, DfAM
methodologies, and end-of-life

disassembly considerations into additive

Pull-through AM technology
developments providing step

and digital thread

Improved cost, rate, scale

ing design
. and quality of AM processing
Identify areas of strength AEEIEY mature, s B0 R . to enable economic and
and weaknesses for UK ies in powder sustainable applications
g bed systems for

considering scale-up

P P
larger, high-quality

predictions for key sectors
with consistent reliability

Achieve mature, scalable additive

Supportimprovement z
of standards/data sets (SN P
to measure producing larger, high-quality
with i reliabili

environmentalimpact

Establish HVM Catapult data sharing
and ability to share externally,

in line with existing standards

.

ki ik
Innovation Requirements Industry Capability Needs ﬁg;’e‘;’;"g‘{fﬁ’de
are the technologies, tools, processes are what industry needsto be able to .
or technical enablers needed to support do (skills, processes, tools, systems) to ngh-growth
the UK’s frontier industries stay competitive & meet future challenges
sectors

P
and cost reduction

Standards and best practice
guidance for manufacturing
and certification of AM
components
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Advanced Def Foundation Digital & Life Clean Energy
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Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

Industry Capability Needs

are whatindustry needsto be able to

do (skills, processes, tools, systems) to
stay competitive & meet future challenges

Innovation Requirements

are the technologies, tools, processes
ortechnical enablers needed to support
the UK’s frontier industries

Priority industry capability needs

these are the critical areas identified through our
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details

L:I interactive sunrise L2 capability roadmap
diagram

Follow the QR code or you can also
click here

Click here to access the interactive version
of this capability roadmap

Technology transformation map

2026 2030

Co-ordinated sectorial
collaboration to drive

2035

Establish test facilities
supporting the testing
of emerging products

regulatory advancements and and applications

development of new standards Accepted methods and {ég

frameworks to ensure
single source of truth
for assurance data Establishtest beds to develop,
integrate and validate novel
inspection, measurementand
testtechniques and processes
Integrated frameworks
and maturity grids for
assessmentand adoption
of assurance processes Developed best practice and
cyber security for
certification and quality data

Demonstration of data
driven quality/fault
prognosis, decision
making and control

Acceptance of in-process
practices as definitiveand
credible sources of inspection
and measurement

Cross sector transferable
inspection, measurement
and certificationbest
practice

ertification data

Demonstrate credible
consistency in detection of
n recognition systems

Cost/benefit/riskanalysis
framework for investmentin
pection, measurement
and test activity

Establish secure traceable
assurance data throughout
the full Model-Based
Engineering (MBE) workflow

Demonstrated integration of
assurance requirements
within MBD models

Encourage adoption of
digital sharing of
assurance data among
supply chain

Adoption of developed

catAPULT

High Value Manufacturing

Vision

Deliver UK competitiveness as a

provider of safe and reliable products
across high value manufacturing
through best practice, and
challenging traditional approaches
to product measurement,
inspection, testing and
certification.

new product & process
assurance standards

Simplified approaches,
software, and Al to
address assurance

challenges

&

Advanceduse ofdata .
and simulationacross %
quality and certification
activities

Process certification by

analysis, reducing physical

Assurance for Maintenance,
Repair, and Overhaul/
Remanufacture, Repurpose,
Reuse and Recycle

Develop DoE programme to
validate accuracy of in-
process detection methods

Develop adaptive & dynamic
inspection planning based on
results and in-process
measurement

testingthroughanalysis and

in-process techniques

Al developed towards
accelerated certification
pathways, inspection,
measurement and test
processes and technologies

Demonstrated secure
external access and
sharing of assurance data
across external supply
chain partners



https://www.jasondavies.com/innovateuk/
https://iuk-business-connect.org.uk/wp-content/uploads/2023/03/Innovate-UK-Materials-and-Manufacturing-Vision-2050.pdf
https://hvm.catapult.org.uk/wp-content/uploads/2025/07/Composites-manufacuring_July-2025.pdf

Key demand drivers: industry challenges and opportunities catAPULT

High Value Manufacturing

Assurance

Assurance Barriers to
Adoption of Advanced &
Flexible Manufacturing
Technology

Integrating Digital
Manufacturing and
Assurance Data traceability

Advancing Assurance,
Certification and Regulatory
Pathways

Assurance Challenges for
Circularity, Remanufacture
and Maintenance

Assurance Skills Gaps and
Pathways

Assurance Skills & Knowledge Sharing:
Collaborative platforms , documentation and
best practice to accelerate the exchange of
assurance expertise and thus enabling
consistent and sustainable methods.

End-to-End Data Frameworks
Demonstrating and encouraging advanced
digital tools (Model Based Design, Model
Based Enterprise, Digital Product passport) to
establish connected manufacturing data
flows, allowing the transfer of assurance
requirements, decision-making, and
collaboration.

Regulatory Compliance:
Evolving regulations demand rigorous
assurance frameworks to deliver safe, certified
products across nuclear, energy, and
aerospace sectors as well as emerging new
products and applications

Circularity Systems:

Assurance techniques to support circularity
and enable efficient material reuse. Thus
enhancing sustainability, and reusable
material pathways across manufacturing
ecosystems.

Process Optimisation:

Using trusted data-driven optimisation
enhances productivity, improves energy
efficiency, reduces cost, and strengthens
quality across manufacturing systems.

Available Assurance Skills:
Availability of assurance practitioners to
support industry across the range of
assurance related inspection techniques.

Assurance for Life Extension:

Approaches to enhance the value of lifecycle
data, ensuring performance through-use and
enabling re-certification of in-service legacy
equipment.

Accelerated Certification:

Utilisation of existing and in-process data can
streamline certification, reducing barriers,
supporting new products, and enabling faster
market entry.

Emerging Manufacturing Technologies:
Encouraging adoption of advanced and flexible
manufacturing technologies that present
unique assurance challenges which must be
suitably addressed and enabling future
products.

Accredited Assurance Skills:
Formal accreditation and recognised training
pathways to strengthen competency and
ensure trust of inspection and measurement
results and outcomes.

Digital Thread for Data Traceability:
Adoption of digital thread as the means of
automating and strengthening traceability,
driving quality improvements, lifecycle
visibility, and demonstrating assurance across
manufacturing operations and supply chain.

Assurance Importance:

Advocating forand demonstrating the
importance ofinvestment in assurance and
value of robust inspection, measurement and
testing of products to industry, government
and regulators.

Recovery and Remanufacturing

Optimised MRO strategies ensuring safety and
compliance while allowing recovery of parts
with retained value, extending part life,
minimising MRO cycles and improving
sustainability outcomes.

Emerging Inspection Technology:
Demonstration, standardisation and best
practice of new and potentially disruptive
inspection and measurement technology.

Control Systems Integration:
Demonstrating and setting assurance
requirements for integrated sensing and
control systems to enable responsive data
driven closed loop control in support of high-
performance manufacturing.

Strategic summary

Assurance is fundamental to the credibility of the work carried out within - Innovat: rategic Imperatives 5’ ;
HVM Catapult. Through advancement of in-process measurement, K g P g Q‘— i '

traceability and the exploitation of data, HVYMC is helping position the UK as

a global leader in the adoption and exploitation of novel assurance methods.
This work supports UK manufacturers in ensuring robust product-assurance
approaches, while reducing cost and development lead times. > 0 = D

Graeme Bisland CEng, NMIS

) Skilled and empowered urce efficient and regenerative

(=
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Industry capability needs - assurance

0

caTAPULT

High Value Manufacturing

2040

Training frameworks and delivery mechanism for assurance skillsets and digital upskilling of existing assurance workforce

Integrated frameworks and maturity grids for assessment and adoption of
assurance processes

Establish test facilities supporting the testing of emerging products and
applications

. Secure investment to encourage adoption and research in digital and emerging assurance technologies
Technology domain
specific

Cross sector transferable inspection, measurement and certification best
practice

Co-ordinated sectorial collaboration to drive regulatory advancements and
development of new standards

Adoption of developed new product & process assurance standards

Demonstrated the trustworthy comparative robustness of emerging inspection,

Establish test beds to develop, integrate and validate novel inspection,
measurement and test technologies

measurement and test techniques and processes.

Accepted methods and frameworks to ensure single source of truth for . . . .
ac Encourage adoption of digital sharing of assurance data among supply chain

Developed best practice and cyber security for certification and quality data >

Adoption of machine learning to enable adaptive/risk based inspection and measurement strategies
Embedded Al for -
advanced manufacturing

Simplified approaches, software, and Al to address complex uncertainty quantification

Certification, ensured quality and reliability of products that are Remanufactured, Repurposed, Reused and Recycled

Value retention

Advanced use of data and simulation across quality and certification activities

Intelligent manufacturing

Demonstration of data driven quality/fault prognosis, decision making and
assurance and regulatory P
engagement

Acceptance of in-process practices as definitive and credible sources of
inspection and measurement




Innovation requirements - assurance catAPULT

High Value Manufacturing

2026 2030 2035 2040

Cost/benefit/risk lysi: k for il in inspection,
measurement and test activity

Technology domain
specific

Assurance skills pathways for technicians and certified professionals ‘
across allinspection, measurement and test activities

ds for certification of new products to meet
emerging needs, such as clean energy

D ated external
and sharing of assurance data across
external supply chain partners

Digital Thread ention strategies

Establish secure tr bl datatt gh the full Model-Based
Engineering (MBE) workflow

Embedded
advanced m.

Manufacturing with
advanced materials

Value retention Repair, and Overh:

petire, Repurpose, Reuse and Recyele _
-:
D)

D lication of in-p control Process certification by analysis,
Develop DoE programme to validate accuracy of in-process detection methods reducing physical testing through
Intelligent manufacturing Demonstratable application of in-process Monitoring A analysis and in-process techniques

assurance & regulatory

engagement Adoption of robust approaches to Quality by Design within the pharmaceutical sector

Advocating for the importance of assurance investment, research, strategy
and policy

Advanced integration of assurance considerations and constraints within
Automation of processes the design process
and digital integration

Automating development of SOP’s for knowledge sharing of best practice
and p across inspection and test




Pathways for priority industry capability needs
A potential connected system architecture for industry scale-up

catAPULT

High Value Manufacturing

Assurance 2025 2026 2027 2238 20,_2\9 2030 Industry deployment and further innovation 2035
o 0 0 O O O ERREEELEEESY Wk 2 2 Uh Bahhhhahbhk
Establish secure Demonstrated secure
) ) traceability of assurance external access and #
Demonstrated integration of data throughout the full sharin, ’=ﬁ
N g of assurance data oL
asm::?:;:;:‘:dn;lesms Model-Based Enterprise across external supply Accepted methods and @)
(MBE) workflow chain pa 7
Advanced Assurance Certification O O frameworks to ensure e ‘f—” ---- (9]
O . )
and Regulatory Pathways single source of truth for 2> &“mE
o
assurance data A
Increased pressure on manufacturing to reduce 4’ !ﬁ
cost and lead times without compromising . stratable \ob DOE
. o P i lop DoE progr
quality and reliability of product is driving e l A TEem e liZate P ugra
consideration of new approaches and exploiting process monitoring pr ontrol thot
opportunities throughout product development \ ~
and production, including inspection, (S, O O—
measurement, test and certification.
4
A ) Develop adaptive & dynamic Advanced use of data and
A,Jtomat? andvalidate inspection planning based on . . .
inspection pathway results and in-process simulation across quality and Ce Lo® F------ o
programming using MBD data TEEE T ‘ >
£
Integrated Digital uring and @
Assurance Data Traceability AN
Traditional approaches of demonstrating
traceability and communicating assurance data
throughout manufacturing are time consuming, .
labour intensive and subject to human error.
Alternative means of demonstrating and Automation of fault . .
communicating inspection, measurement, test aRaeCanc analysis and classification @ Slmpllfled approaches,
—————— o

and certification data would not only satisfy
existing needs but offerimprovements and
opportunities to increase efficiency.

Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

opportunities for

assurance and UK position

Innovation Requirements

are the technologies, tools, processes
or technical enablers needed to support
the UK’s frontier industries

of defects for triage of

- .
Demonstrate credible ) 3
corrective action

consistency in detection of
vision recognition systems

P 5
Degartment for I

Industry Capability Needs Brhans & Trade on

are whatindustry needsto be able to . m_&)

do (skills, processes, tools, systems) to H Igh'grOWth Advanced

t titive & t fut hall .

stay competitive & meet future challenges sectors Manufacturing

‘2 software, and Al to address
assurance challenges

Digital &
Technologies

Foundation

Defence .
Industries

Life
Sciences

&

Clean Energy
Industries
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Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

Industry Capability Needs

are whatindustry needsto be able to

do (skills, processes, tools, systems) to
stay competitive & meet future challenges

Innovation Requirements

are the technologies, tools, processes
or technical enablers needed to support
the UK’s frontier industries

Priority industry capability needs

these are the critical areas identified through our
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details

L1 interactive sunrise

diagram

Follow the QR code or you can also
click here

Click here to access the interactive version
of this capability roadmap

Technology transformation map

2026 2030

Manufacturing skills and workforce
developmentacross the value

2
Food and feed productionfor  {5;”
sustainable agriculture and secure,
chain resilient supplies supporting human
and animal nutritionalneeds

2035

Accelerating safe, ethical
therapeutic approval
through standardised
regulations, virtualised

manufacturing, and robust

data governance

Scaling cost-effective, GMP-compliant

manufacturingfor complex biologics
and personalised medicines to meet

Early detection & diagnostic standardisation
to developingreliable, standardised
diagnostic workflows and reagents to enable
earlier disease detection and intervention

Alternative antimicrobials

growingdemand

diverse applications

Sustainable and cost-effective
biomanufacturing advancing
greener production methods to
replace traditional processes and
reduce environmentalimpact

Access to scale-up for

SeRRSHCHIng edRe eland innovative

biomanufacturing facilities and
capabilities underpinning
public healthand

elop integrated multi-omic
alytical capabilities and
onised data systems for
ics, proteomics, and
metabolomics insights.

Develop novel
biomanufacturing
capabilitiesincluding
new modalities,
bioreactors, analytics
and formulation

enablinginnovative biological
approaches to combat resistance
and protectglobal health across

catAPULT

High Value Manufacturing

Build UK resilience through sustainable
biomanufacturing that delivers chemicals,
materials and therapeutic products via
efficient, low-impact processes, scalable
technologies, and fossil-free feedstocks -
ensuring cost competitiveness, food

L security, and health innovation while

g supporting economic growth and
environmental sustainability

Circular material systems using
waste as feedstocksto develop
next generation green materials in
localised ecosystems

integrated analytics and
automated process controlto
enhance biomanufacturing
efficiency

Develop standardised digital models,
in-line analytics, and fast
computationaltools to op
biomanufacturing quality

Develop scalable drying, purification,

and formulationtechnologies -

including bioprinting - to enable
efficient production of alternative
proteins and advanced materials.


https://www.jasondavies.com/innovateuk/
https://iuk-business-connect.org.uk/wp-content/uploads/2023/03/Innovate-UK-Materials-and-Manufacturing-Vision-2050.pdf
https://hvm.catapult.org.uk/wp-content/uploads/2025/07/Composites-manufacuring_July-2025.pdf

Key demand drivers: industry challenges and opportunities catAPULT

High Value Manufacturing

manufacturing Next generation Biomanufacturing Global food systems Industiies are Healthcare & diagnostics
therapeutics require processes seek need sustainable an~' transitioning to require biomanufactured
innovative biological optimisation for efficiency secure proc i ction sustainable biobased components for reliable
production methods and sustainability S Cits naterial 1d chemicals and innovative detection

: - : : o and monitoring
Growth in phage, microbiome, RNA, . o . A ative prc lar Bio-based feedstocks and defossilisation
. : : Process intensificationand a natior - N . .
oligonucleotide, and gene therapies PR and reso Use ag ture im <100d s¢ tyanc strategies reduce petrochemical : ) )
demands advanced, flexible clinical &, o red e environ m éntalimpacts dependency and emissions. Early disease detection drives demand
manufacturing platforms. QiEbrod SR for diagnostic reagents and biologically

o . ) Gas \ermentation and vertical farming High-performance biopolymers and bio- derived components.
n from sin 1se plastics to

Personalised medicines and 0 enable scalable, controlled production of recovery technologies enable circular ) ) -
theragnostic- mall-ba = R o aterly food and pharma ingredients economy adoption. Animal-free testing and ethical in vitro
precision biomanufacturingwith radic sLleinis <UREEI models accelerate innovation and

cale-out capability. Bio-derived agri-stimulants an~' Hydrogen and carbon as building blocks regulatory acceptance.

St sed LCA and carbon 8 - - .
T e ——— health solutions m~ Bvingp ation support advanced materials and : :
g and climat ceieeds. sustainable fuels. Data science and real-time release

Syntheti rlogy and ce 1€ expression . o 8 8 R
transparent sustainability measurement technologies enable rapid certification

enable n¢ Yrug deve! lentan and compliance ; :
complexth very systems. B . Vel bioproducts¥oT spAce travel and Certification frameworks ensure trust and deployment of diagnostics.

Enersy-efficient organisms Rlanatary col _anighlight stre c and scalability for recycled and bio- : : '
& g bic manufacty importance. derived materials. Virtualised manufacturing supports

no-system delivery technologies biocatalysis methods SUbDC fGonar L
increase manufacturing complexity and . y PP ¥ . smart design and faster regulatory
low-i 1 path ¥ approval processes.

require new process innovations. ds ' sta) ds and traceability Sustainable packaging and standardised
systems  _Jre consumer trust and metrics drive eco-friendly manufacturing

Defossilisation and sustainabl regulatory compliance. e Regulatory clarity for microbiome and

feedstc reduce re! eon phage therapies remains critical for
petroch calsand i ove su ) market adoption.
chainresilience

Antimicrobial resistance drives adoption
of phage technologies and microbiome-
based therapeutics.

Strategic summary
UK biomanufacturing must advance agile, sustainable platforms to meet healthcare, Eg {;\Ev\'“t-' Strategic Imperatives

food, and industrial demands. Innovations in therapeutics, diagnostics, and bio-
based materials, coupled with circular processes and ethical standards, will drive

resilience and global competitiveness. Regulatory clarity, automation, and scalable P Skilled and empowered P Resource efficient and regenerative
design underpin a future-ready, low-impact biomanufacturing ecosystem.

) Innovative and Digital

Suzanne Robb, CPI




Innovation requirements - bio-manufacturing catAPULT

High Value Manufacturing

2026 2030 035 2040

Access to pilot scale infrastructure, that is either specific of flexible, to support the needs across biomanufacturing sectors ‘ ‘ \ _
Personalised therapy supply, g ing prod for small of patients in localised institutes - ‘ - .
inable and i i f: ing ad ing greener production me h d reduc iron act
Technology domain

R Food and feed fi 1§ a Li w |" d
ood and feed pr i or st inable agriculture i secure plies suppo ritiol eeds
Optimised and available bioproductig S S engineel
biology
W ‘ M |=ii - o0 combat resistance and protect global health across diverse applications
N
oo
Digital Threa l w nufac gtoi ici , and inability and costs of bio m; actured p ﬂ

Manufacturing wit
advanced materials

Bt v N D
-l .

Cost effecti ing
chemicals and materials sectors

Value retention

Advanced and
interconnected process
modelling

Harmonised life . )
cycle analysis Standard LCA across biomanufacturing sectors

Intelligent manufacturing Real-time ured pre to be rapidly deployed at the point of manufacture

assurance & regulatory
engagement

Legislative support prioritising the use of sustainable biobased alternatives
across all sectors




Technology domain
specific

Digital Thread

Embedded Al for
advanced manufac

Manufacturing with
advanced materials

Value retention

Advanced and
interconnected process
modelling

Intelligent manufacturing
assurance and regulatory
engagement

Technology capabilities — bio-manufacturing

2026 2030

Expand analytical technologies for phage characterization, potency,
stability, and microbiome CQAs.

Establish 100-1000 L drying, extrusion, purification and formulation
capabilities for productization.

caTAPULT

High Value Manufacturing

2040

Understand capability and capacity gaps for large and novel
biomanufacturing approaches across the UK

Develop novel biomanufacturing reactors and processes including access to pilot facilities

o

4

Implement integrated LIMS/MES with equipment connectivity,
optimisation and troubleshooting

Creation of models and digital twins of fermentation and cellular processes for prediction,

)

robust metadata, and compliant data governance.

Multiomics integration through converging genomics, proteomics, transcriptomics,
metabolomics data with agreed standards and formats

Computational ‘Omics’ tooling developing scalable computational pipelines, fast analysis >

tools, and harmonized outputs for interoperability

Engineer extracellular matrix mimics, tuneable biostability polymers, and structured culturex
materials improving yields for alternative proteins

Influence and enable funding and investment incentives through partnerships with IUK, UKRI and other groups such as BIA and BBIA

Deploy model predictive control in in line process analytical technologies (PAT) for critical quality attributes (CQAs) and critical process parameters (CPPs)

),

Agree data, quality, and lab method standards to ensure comparability and regulatory confidence in non-pharma sectors including developing open
source engineered strains




Pathways for priority industry capability needs
A potential connected system architecture for industry scale-up

catAPULT

High Value Manufacturing

manufacturing

To achieve UK net zero and food security,
scalable alternative proteins, biobased
agrichemicals, and functional ingredients are
harmful chemi and
supporting sustainable agriculture, animal feed,
and nutritional quality for a healthy population.

Addressing antimicrobial resistance requires
UK capability to develop and scale
microbiome and phage therapies for huma
health, agriculture, and crop protection—
enabling clinical adoption and strengthenin
resilience against global public health
threats.

Biomanufacturing must integrate

ion, digitalisation, and

approaches to reduce costs, energy use, and
timelines—optimising supply chains and
delivering scalable, sustainable alternatives
across chemicals, materials, and

p with fossil-
based systems.

phar icals to

Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

2027 2028 2029 2030 2031 Industry deployment and furthefinnovation
O O O O @ S
A \J ~7 S

Formulation and stability of bio-
actives for long term storage /
application including

Process intensification/
novel process creation for
efficient/ cost effective

Food and feed production for
sustainable agriculture and secure,

encapsulation production
A ‘\A/ /

Legislative support to push
towards alternative
pesticides / stimulants

Analytical characterisation of

products and phage therapies

Incentivised'adoption and

/ multispecies microbiome: integration into the NHS as viable

alternatives to antibiotics

A resilient supplies supporting human
and animal nutritional needs

Alternative antimicrobials enabling
innovative biological approaches to

Regulatory guidance on alternative

antimicrobials further developed across

\ sectors

and

Phage production for human
compassionate use in the UK

. Development of modular

standardised feedstock testing to

understand process efficiencies

biomanufacturing to ensure
adaptability and flexibility of UK
capabilities

‘,7' combat resistance and protect global
health across diverse applications

Sustainable and cost-effective
biomanufacturing advancing greener

Increased hnologies (PAT) improving
process monitoring, modelling and
development of digital twins

Innovation Requirements

are the technologies, tools, processes
ortechnical enablersneeded to support
the UK’s frontier industries

do (skills, processes, tools,

Industry Capability Needs
are whatindustry needsto be able to

stay competitive & meet future challenges

Chemical processing integration
for feedstock generation /
product formulation

s b5
Dopartment for | z:;
Business & Trade ann
systems) to High'growth Advanced
sectors Manufacturing

production methods to replace
traditional processes and reduce
environmental impact

{2

Digital &
Technologies

Foundation

Defence .
Industries

Life
Sciences

Clean Energy
Industries
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Diagram Legend

Level 1 Technology transformation map

2026

Composites
Engineering
Innovate joining techniques
for composites to similar
and dissimilar material
systems

Materials and products
tailored for harsher
environments

Establish advanced testing
and assurance methods

Increased size and

complexity of products and equipment for

accelerated design

Enhznced UK supplychain
resilience and reconfigurabiuty in
critical materials and products

Key Demand Drivers

are the relevant challenges to this
manufacturing technology that the
UK manufacturing sectors are facing

Industry Capability Needs.

are what industry needs to.be able to

do (skills, processes, tools, systems) to

stay competitive & meet future challenges -
Improved productivit,

through enhancing quality.

rate and cost of manufactu o

Innovation Requirements

are the technologies, tools, processes
or technical enablers needed to support
the UK’s frontier industries

Priority industry capability needs

these are the critical areas identified through our
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details

Reduced embodied carbon
of materials and products

L1 interactive sunrise

diagram and reducing waste

Deploy highly automated V”&;
manufacturing processes for
scalable, cost-effective
production with composites

2030 035

Accelerate materials
27 discovery through advanced
037 computationaland
experimental methodologies

Advance fibre and matrix
development to optimise
composite material
properties and performance

Implement methods to
robustly measure and use
environmentalimpact data of
materials and processes

Develop tooling systems
with advanced materials,
integrated sensing and
rapid fabrication

Develop through-life digital
twin systems for design,
manufacturing, and
operational performance

Advance tailored composite
structural concepts for step-
change performance
enhancement

Develop recycling f&‘/
technologies and products
using reclaimed materials

from composite

Create tools for concurrent,
accelerated product
devi
certification processes

©F

Designand manufacture
functionalised tooling systems,
considering heating, sensing,
reconfigurability etc.

s that prioritise
ductionrate at required
quality and increasingscale

Mature recycling technologies,
e of establishing
circular supply chains and business
models

Facilitate concurrentengineering
throughjoined-up software solutions

Establish cutting-edge UK
carbon fibre developmentand
productionfacilities

catAPULT

High Value Manufacturing

Vision

Deliver UK competitiveness by uniting
scientific excellence, advanced
manufacturing, and digital innovation to
lead globally in composite engineering —
delivering resilient, sustainable, and
high-performance solutions for next-
generation energy, transport, and
defence.

Developtapes, intermediates
and matrix materials capabilities

Designand manufacture with non-
conventional laminates, rapid tow
shearing, etc.

Mature ceramic matrix
composites towards
applicationsin a range of
environments

Embed trusted LCA approaches
and standards into supply chain
activity

Follow the QR code or you can also
click here

Click here to access the interactive version
of this capability roadmap
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Composites
Engineering

Key demand drivers: industry challenges and opportuni

Enhanced UK supply chain
resilience and reconfigurability
in critical materials and
products

Dynamic supply chain adaptability:
Building flexible networks that can
rapidly respond to disruptions and
changing market demands.

Strategic materi=' - - ~urity:
Ensuring acr won raw

rials through diversificd sourcing
and robust domestic capabilities

Collab-rativ novati

ecos - loms:

Cr ¢ integrated partnerships across
wiaustry, academia, and government to
accelerate technology adoption and
resilience.

Strategic summary

Materials and products tailored
for harsher environments

Extreme-condition performance:
Designing composites that maintain
strength, durability, and functionality
severe operating cnvironmen

Aclvanced material engineeri
Developingfibres, matrices, an
coating thigh temperatures,
corrosion, and meachai >Sd8

daptive siiuctural concepts:
Creating innovative composite
architectures that deliver reliability and
efficiency under unpredictable
conditions.

The UK holds a leading global position in the design, production
and use of products made with composite materials — across
transport, defence and energy. HVM Catapult’s role is to maintain
that, and propel it towards resilient productivity through rapid
production, sustainable materials, and brand-new markets.

Matt Scott CEng, NCC

Improved productivity thro~*
enhanced qualitv, rat ost
of mani*#¥actu

High-speed, high-cuality production:
Industrialise advanced Yosite
manuiacturing f Rigrthi hput
withou't compro i cing precision.

art process optimisation:
Harness automation, data-driven
control, and adaptive tooling to cut cost
and cycle time.

Scalable mai
D vy flexible
factories capab
dernand atglobe! ssale.

Luiing systei
xt-generation
ing futur

Inhovate
UK

) Skilled and empowered

ientand r

Reduced embodied carbor
materials and products and
reducing wast

asource-efiicient production:
Minimising material wastage and
energy usage to improve manufacturing
productivity.

Design for sustainability:

Using relevant, detailed and shareable
lifecycle information to drive ongoing
improvement of products and systems,
including approaches that lead to a net
positive environmental impact.

Closed-loop material systems:
Restoring and retaining the value of
materials so they can be reused
multiple times without losing
performance, supporting business
models built around a circular
economy.

Strategic Imperatives

) Resource efficient and regenerative

) Innovative and Digital

caTAPULT

High Value Manufacturing

Increased size and complexity
of products

Large-scale structural capability:
Develop composite solutions that
enable bigger, more complex
components without compromising
performance.

Advanced design and manufacturing
methods:

Introduce innovative processes and
tooling to handle intricate geometries
and integrated systems.

High-assurance testing and
validation:

Establish rigorous, accelerated
certification and reliability approaches
for oversized, complex composite
structures.




Innovation requirements - composites

2026 2030 0
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Deploy robust, P t-effective tooling solutions

Technology domain
specific

Digital Thread

Al skills and workforce deve! ent - - ‘ achi arning to support materials discovery

catAPULT

High Value Manufacturing

2040

ngineer d ng ed-| gration, including co- Establish cutting-edge UK carbo luction facilities
curing and o

Manufacturi ith

advanced m als ceramic matrix posites towards applications in a range o

Industrialise novel manufacturing systems an hat pri w
.

| narpier et et e o i

Advanced and Integrate digital workflows that can function across organisations in the supply chain for tracking materials, product and process data

interconnected process
modelling

Facilitate concurrent engineering through joined-up software solutions

Harmonised life
cycle analysis

Embed trusted LCA app hes and dards into supply chain activity

Intelligent manufacturing Reduce time and cost burden using certification by analysis structures, methods and procedures

assurance & regulatory
engagement Use sensors in production together with analytics to self-adapt manufacturing processes




Technology domain
specific

Embedded Al for
advanced manufacturing

Manufacturin
advanced als

Value retention

Advanced and
interconnected process
modelling

Intelligent manufacturing
assurance and regulatory
engagement

Harmonised life cycle
analysis

Industry capability needs -

2026 2030

Develop tooling systems with advanced materials, integrated
sensing and rapid fabrication

composites engineering

caTAPULT

High Value Manufacturing

2040

Advance tailored composite structural concepts for step-change performance e

nhancement

Accelerate materials discovery through advanced computational and experimental methodologies

Innovate joining techniques for composites to similar and dissimilar material systems >

Advance fibre and matrix development to optimise composite material properties and performance

Deploy highly automated manufacturing processes for scalable, cost-effective production with composites >

i

i

Develop recycling technologies and products using reclaimed materials from composite

Develop through-Llife digital twin systems for design, manufacturing, and operational performance

Create tools for concurrent, accelerated product development and certification processes

Establish advanced testing and assurance methods and equipment for accelerated design

Understand and monitor manufacturing processes for rapid and
efficient product assurance

Implement methods to robustly measure and use environmental impact data of materials and processes




Pathways for priority industry capability needs
: . . catAPULT
A potential connected system architecture for industry scale-up

Composites
Engineering o o o e o O mmmm— e SR W _____ 0

2026 2027 2028 2029 2030 2031 Industry deployment and further innovation 2035

Industrialise novel manufacturing
systems and factories that prioritise
productionrate at required quality
and increasing scale

Deploy robust, temperature-
stable, cost-effective tooling

1 d productivity through solutions Deploy highly automated
mproved productivr rou; "
enhancing quality, rate and cost of —O— — O~ manufacturing P"oce.sses for .
/" scalable, cost-effective production

manufacture
with composites

Use sensors in production
together with analyti elf-

V' . -

Enhanced UK supply chain resilience
and reconfigurability in critical
materials and products \

ablish Mg-edge UK

n fibre development and
production facilities . .
Advance fibre and matrix

Rlaterlais a"::::::r 2 lore::or > O development to optimise composite
material properties and performance

Mature ceramic matrix e
n p tap ermediates
composites towards q
o A ma capabil
applications in a range of
environments

51 Deploy recycling technologies and
materials and products and reducing "2 products using reclaimed materials

Reduced embodied carbon of

waste from composite

Embed trusted LCA Mature recycling technologies,
especially in service of

establishing circular supply

chains and business models

Diagram Legend " Y e _
# 4 . P.\@
Key Demand Drivers Innovation Requirements Industry Capability Needs B e (lE_nﬂ : :';lfo-:: H@) { % %
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approaches and standards
into supply chain activity

are the relevant challenges to this are the technologies, tools, processes are what industry needsto be able to -
manufacturing technology that the or technical enablers needed to support do (skills, processes, tools, systems) to ngh'grOWth Advanced Foundation Digital & Life Clean Energy
UK manufacturing sectors are facin, the UK’s frontier industries stay competitive & meet future challenges i i i

p g u y comp g sectors Manufacturing Defence Industries Technologies Sciences Industries
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Technology transformation map catTAPULT

High Value Manufacturing
2026 2030 Vision

Agile, connected, manufacturing & S . . . T
throughinteroperable reference Integrated process optimisation Drive widespread adoption of digital

linking automation, digital twins and manufacturing across UK industry, we
COOnERter SHETRIESSISmS can unlock transformative gains in
productivity, efficiency and global

Industrial cybersecurity frameworks .~ 71 Unified digital demonstrators, co.rnpetltlveness. These advancemer'ts
and digital resilience solutions for s automation, sensors, and robotics for will, not °_n|y S_t_rengthen supply Ch*_“ns
secure, authorised, and standards- efficient, traceable, and sustainable and sustainability but also create high-
compliant manufacturing operations. manufacturing adoption. quality jobs, elevate skills and deliver
long-term prosperity for the nation

architectures, digitalthreads and
distributed supply chains

Comprehensive data and Al @ Z
governance frameworks ensuring
secure, FAIR, and quality-driven v oI
Sustainable design i/ nanufacturing data management for design optimisation, uncertainty
and digitalisationto minimise wast @ quantification, and process
and maximise resource recovery qualification to reduce costly trials and
accelerate innovation

Diagram Legend

Digital platforms for knowledge Integrated process optimisation linking automation,
capture, traceability, and skills digital twins and connected enterprise systems
frameworks supporting assurance
and lifelong engineering

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the Developmentof onto
UK manufacturing sectors are facing development frameworks, data

Industry Capability Needs

are whatindustry needsto be able tg

do (skills, processes, tools, systems) to Fostering collab
stay competitive & meet future challenges

Digital manufacturing tools
supporting scale-up
of quantum technologies
Innovation Requirements
are the technologies, tools, processes

or technical enablers needed to support o o " "
the UK’s frontier industries Al-driven modelling, simulation, and

analytics for process optimisation,
Priority industry capability needs systems to support predictive validation, and productivity
these are the critical areas identified through our maintenance and real-time monitoring improvement.
extensive workshop process and data analysis. for extending component life
Refer to the L2 pathways diagram for further details

Al-powered personalisation,
generative models, and automation
for enhanced manufacturing

ncy and learning.

Demonstrators and testbeds for
L2 capabilityroadmap interoperable, secure and

governed data management and
Click here to access the interactive version Follow the QR code or you can also sharif\g platforms advocating
of this capability roadmap click here industry standards

L1 interactive sunrise
diagram



https://www.jasondavies.com/innovateuk/
https://iuk-business-connect.org.uk/wp-content/uploads/2023/03/Innovate-UK-Materials-and-Manufacturing-Vision-2050.pdf
https://hvm.catapult.org.uk/wp-content/uploads/2025/07/Composites-manufacuring_July-2025.pdf
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Key demand drivers: industry challenges and opportunities

Digital
Manufacturing

Advanced, data-driven and
digitalised manufacturing to
improve productivity and
competitiveness

Data-driven process control and simulation
models increase productivity, performance,
and energy efficiency.

Robotics, automation, and control
enable scalable ufactu
diverse applic ns.

Digital twins ¢ lean manuf: ring
principles sup continuot
improvement a rocess intensification.
Adopti f digitalisation enhances quality,

wings, and sustainability across
manufacturing operations.

Strategic summary

Address knowledge capture
and retention challenges
through digital technologies

Workforce development initiatives | digit
skills across the entire nufacturir lue
chain.

Add ing the knowledg iff ensure:
conti ienced rkers reti om
the sector.

igital bili upport compliance with
MP and advanced manufacturing
equirements.

Upskilling enables adaptation to new
technologies and evolving industry stand

Robust data governan~-
management 7 - mevvork
en= ~our
ueceralisec, and -ffecti
use ¢ Manuf Aata

Implemen data ' .uiagement systems
rts o.vnership, security, and
uecentralised data access.

Knowledge management frameworks enable
effective sharing and utilisation of
manufacturing informatior

Dat~ ~vernance - 'res compliance w
re; Rsandinc ustiystanidards forde

I el

ntrali Jatas gies enhance
Yinnovation across
Jfacturing 11 .vorks.

—

Increase digital literacy,
rust and industry-wide data
haring to drive effective

sitalisation and meet rising
user expectations

Promoting digital literacy and awareness
fosters organisationalreadiness for digital
transformation.

Ethical frameworks and trust-building support
responsible adoption of digital technologies.

Flexible working models and automation
complement human roles in manufacturing
environments.

Industry-wide collaboration on data sharing
and security drives sector-wide innovation and
resilience.

Circularity, sustainability,
and future-proofing through
advanced analytics, LCA,
and resilient supply chains
are essential

Standardised LCA and carbon accounting

frameworks quantify sustainability benefits
and ecologicalimpact.

Circularity principles drive resource efficiency,
waste reduction, and sustainable
manufacturing practices.

Advanced analytics and digital threads
enhance traceability and transparency in
supply chains.

Future-proofing strategies include agile
development and resilient, sustainable design
methods and tools.

Digitalisation and automation are driving productivity and sustainability across
manufacturing. Secure data governance combined with a skilled workforce
enables transformation and innovation. Circularity and resilient supply chains
ensure the industry remains future-proof and competitive.

Strategic Imperatives

[nnovat.
UK

) Skilled and empowered

) Resource efficient and regenerative

) Resilient and responsive ) Innovative and Digital

Dr Nandini Chakravorti, MTC



Industry capability needs - digital manufacturing catAPULT

High Value Manufacturing

2026 2030 2035

Integrated process optimisation using digital twins, automation, and interoperable tools for enhanced productivity.

Unified digital demonstrators, automation, sensors, and robotics for efficient, traceable, and sustainable manufacturingadoption

Technology domain
1

specific
P Configurable, interoperable digi nabling agile
thres and star ise 5 modelsintes

Digital platforms for knowledge capture, trace lity, and skills frameworks supportinga=surance and lifelong engineering development.

Autonomous predictive mainte! ce and real-time monitoring sys s for remote support and improved operational reliability.

DigitalThread

uctures and digital twins f ected, intelligent, and recorfigurable manufacturing supply chains.

Transparent, validated Alarc ires and analytics for optimised, ethical, and collaborative manufacturing process improvement >

Embedded Alfor e T e
EULE TR g Al-driven analyticswith digital threads and interope ir sility

Hanufacturmgvu[l Data driven processes for faster qualification and anceon testingfor advanced materials
advanced material
|

Value retention Sustainable design and digitalisation to minimise waste and m, S resource recovery >

Advanced and
interconnected process Advanced simulation for design optimisation, uncertainty quantification, and process qualification to reduce costly trials and accelerate innovation

modelling I

Standardised LCA and carbon accounting frameworks for process optimisation and quantifying manufacturing sustainability benefits.

Automation of processes - . . . .
T e e Integrated digital twins and material passports powered by advanced analytics

Harmeonised life
cycle analysis

Comprehensive data and Al governance framewaorks ensuring =ecure, FAIR, and quality-driven manufacturing data management and visualisation.
Intelligent manufacturing I

assurance &regulatory
engagement Industrial cybersecurity frameworks and digital resilience solutions for secure, authorised, and standards-compliant manufacturing operations.




Innovation requirement - digital manufacturing

2026 2030 2035 2040

Collaborative engagement with technology vendors for interoperability, process optimisation, and deployment of advanced solutions.

Integrated systems engineering, quantum technologies, and hybrid cloud solutions for robust digital manufacturing infrastructure.

Technology domain
specific

Testbeds, demonstrators, and learning labs forvalidating digital transformatic

Strategic partnerships with academia, otherR ratiol

- ‘ ‘ ﬁ and automated inspection for comprehensive, real-time manufacturing data
ﬁ omputing, and open APls enabling seamless communication across manufacturing enviro ‘

e platforms and shared data repositories for technology agnostic, scalab rastructure w M gitaltechnologies.

Advanced ontology, semantic frameworks, and di Fing a ﬁ M I ‘ ‘

Digitalthread
Platforms and standards for secure data sharing, go =} ﬂ egratiol ! ring.

Al-driven modelling, simulation, and analytics for pro F . validation, and productivity improve ment.

Al-powered personalisation, generative models, and automation for enhanced manufacturing efficiency and learning.

| Tools and platforms for circularity, sustainability, and traceable materials across the manufacturing value chain. _

f ethical, legal, and technical standards with industry and standards bodies for digital manufacturing.

Advancedand
interconnected process
modelling

Manufacturing with
advanced materials

Intelligent
assurance and regulatonr
engagement

Autonomous and remotely op: maintenance and real-time monitoring for extending component life

nsto support pi

Value retention

caTAPULT

High Value Manufacturing



Pathways for priority industry capability needs
: . . catAPULT
A potential connected system architecture for industry scale-up

Digital
g 2026 2027 2028 2029 2030 2031 Industry deployment and further innovation 2035
manufacturing o O O O O 1 e e e e ©)
D
Establish validation of Al models i dg ing, and y to suppo
enabling optimisation, open APIs ; predictive main: ce an
Ad d i ion (ERETEICED and advan(fed communication across re i gfor
and process optimisation drive analytics for manufacturing manufacturing environments ‘ life Agile, connected, manufacturing
productivity, p , and o o ) through interoperable reference
bl ing architectures, digital threads and
performance Development of ontologies, distributed supply chains
interoperable framewor| cure
data sharing’ rms, L
ssports a labo
'ms to es rob ta
Robust data governance and ‘kn owled: o

management frameworks ensure
secure, decentralised, and effective
use of manufacturing data

Integrated process optimisation

m Al-driven linking automation, digital twins
simulation, and analytics for and connected enterprise systems
isation, validation,

and productivity improvamaii ‘

Demonstrate Integrated data
management and Al governance with
robust security for compliant,
transparent

manufacturing proc

Al insights that are trustworthy,
validated, ethical and transparent

Sup rtworkforce upskil
talisation, data-dri
manufacturing, cyber
security through targeted tral
and literacy programmes

al skills framework

Address knowledge capture and
retention challenges through digital encompassing education and
technologies professional development
.
Diagram Legend " g : 3
5
Key Demand Drivers Innovation Requirements Industry Capability Needs B e ann O'-‘: H@) %
are the relevant challenges to this are the technologies, tools, processes are whatindustry needsto be able to . E—
manufacturing technology that the or technical enablers needed to support do (skills, processes, tools, systems) to ngh'grOWth Advanced Foundation Digital & Life Clean Energy
f: i i g ieri i t titive & t fut hall . :

UK manufacturing sectors are facing the UK’s frontier industries stay competitive & meet future challenges sectors Manufacturing Defence Industries Technologies Sciences Industries
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2026

Joining
engineering

¢ Technology Transformation Map

2030

Capabilities for
dissimilar materials
and recycled materials

&

Robust certification, qualification and
standardisation processes, to support
adoption of recycled materials and
end-of-life product responsibility

Hybrid manufacturing
techniques to enable joining
of next-generation materials

for harsh environments

Advanced automationintegrating
Digital Twins, FEM, and in-situ
monitoring to capture and control
joining integrityin real-time

Advanced, automated and scalable /1
joining technologies which improve
integrity, reduce variance and
enable high throughput manufacturing
of next generation products

Click here to access the interactive version
of this capability roadmap

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the:
UK manufacturing sectors are faging

Industry Capability Needs:

are what industry needs to be able to

do (skills, processes, tools, systems)to
stay competitive & meet future challenges

Innovation Requirements

are the technologies, tools, processes
ortechnical enablers needed to support
the UK’s frontier industries

Priority industry capability needs

these are the critical areas identified through our
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details

L1 interactive sunrise
diagram

Follow the QR code or you can also
click here

The use of hybrid
technologies to engin:
joi ormance

ntegrated in-pro s
itoringand inspection

recycled

catAPULT

High Value Manufacturing

035 Vision

HVM Catapult, alongside industry,
academia and partner RTOs will
champion innovation in sustainable
joining technologies to enable modular,
repairable, and recyclable structures
through advanced design, digital
integration, and workforce

upskilling to secure UK
manufacturing global
competitiveness

Standardized high-fidelity design models
enabling a Whole-Life Cycle Engineering
ethos - sustainability, repair, MRO
optimization, and disassembly

A library of
prescriptive mo
dels for a suite of

Advanced design practices key materials
to support end-of-life
disassembly and recycling

Harmonized skills and
qualifications with international
standards while embedding
digital credentials and
competence passports

erisation of joining
ance in advanced,
dissimilar materials

High-fidelity data capture,
simulation and Al-assisted
validation leveraging largescale

Ltwin models for
optimisation of joining processes

perf

Database of Adhesives/thermo-
plastic usage and techniques
used to process and inspect

stems for enhanced

manufacturingreliability
and efficiency

Developing and validatingadvanced
design and simulationtechniques -
includingdigital, predictive and
lifecycle assessmentmodels

Joining techniques to promote

modular construction enabling
higher performance and
sustainable energy systems

Integrated cost estimation, sustainability
assessments and data governancefor
environmentally and economically

sustainable joining practices


https://www.jasondavies.com/innovateuk/
https://iuk-business-connect.org.uk/wp-content/uploads/2023/03/Innovate-UK-Materials-and-Manufacturing-Vision-2050.pdf
https://hvm.catapult.org.uk/wp-content/uploads/2025/07/Composites-manufacuring_July-2025.pdf

Joining
engineering

Key demand drivers: industry challenges and opportunities

Process automation to boost
productivity and reduce
manufacturing costs

Closed-loop process

control using Machining Learningto define
processing limits and automatically adjust
processing conditions within those approved
qualification limits

Process passports enabling the automated
generation of process specification pro~edures
providing direct capture of essential,
supplementary e« meters
formulate a 'Tr' - < ualificau cord ted
~ial, cr onent, struc
Increased de; ment of hig seed,
energy density 1 photor ining
techno! iIstoc .milar joining
capabi’ ' .nd minimise disruption of
< properties

Agile, quick-change intelligent tooling linked
to implementing standardized modular
construction to maximise utilisation and
match demand in high volume production
environments

Strategic summary

The increasing demand for joining engineering will see the adoption of advanced design

Through life assurance that
leverages data-driven
technologies

In-line volumetric inspection to reduce lead-
times, waste and energy, whilst concurrently
improving productivity

tile and remote
nonitor dii siona
mprove F
ress and ‘ove

The use of advanced
sens’ agies
de ns during joinin;
mo 1o prediet residu
struci

leal-time dimer nal inspection to enable
ansla cuct and process information
be incorporated into digital systems to
highlight and prevent in-sequence rectification
of products

Modularised Portable Repair Sy=*

enable reconfigurable and integreacc joining
and inspecti he app

to a variety nditions ¢ nviro

The applicat of closed )
thermal mar ment sy« 18 link: .|
material speci fonstc rove productivity

practices for circularity, prioritizing disassembly through modularisation to improve
sustainability and recover valuable materials whilst maintaining the need for high

Accessibility to skills - from
technicians to engineers

Targ ing Pathw —Develop

ct | programs for technicians and
engine: 0 master ance ning
technol; s and dig

Industry- demi: rtnerships -
Collabora ith universities and employers to

r practical, accredited courses aligned
with emerging joininginnovations.

Demonstrator Access — Provide real-world
facilities for skill application, ensturi
workforce readiness for >

processes.

Learning tfo Offeronli
slended learnir tionsto reach div
across the ma cturing supply ch:

ous fessi L Development —
ite lifelong leaining frameworks to keep
nicians and engineers updated on evolving
joiningstandards and practices.

Advanced A
to improve sustainability
circularity

asign isa sly to enable the
cient separation of joined components,
plifying reuse and recycling processes

Material Compatibility Analysis to ensure
joints use compatible materials, reducing
contamination and improving recyclability

Lightweight Hybrid Structures to combine
advanced materials to minimize resource use
while maintaining structural integrity

Digital Twin Integration to simulate joint
performance and lifecycle impacts, optimizing
sustainable design decisions

Modular Joint Design to create adaptable
joints for easy repair, upgrade, and extended
product life

Designing of advanced consumables for
improved joining performance and
longevity for applications in welding, brazing,
soldering and adhesive joining.

catAPULT

High Value Manufacturing

Digitalisation technologies
for predicting and optimising
manufacturing processes

Al integration of joining conditions to enable
data collection, mining and sharing of large-
scale information to process optimised joint
designs for efficiency and performance.

The creation and deployment of Digital
Technologies that advance high-fidelity joining
simulations to underpin Design and Certify by
Analysis philosophies

Human-Centric Life Cycle Design
principles to ensure safe, efficient
assembly, maintenance, and re-
manufacturing throughout product life

Digital product passports that captures
and links material property data, joint
geometry and process inputs at the
component level to the resulting residual
stress and microstructural predictions

: ”€j \‘/’/’Illl/ I’ -
~IIIIVI//'* >

~llllll/

Strategic Imperatives

Innovat.
UK

) Skilled and empowered

)Pu-:e d r

structural integrity. Such a challenge will require engineers to leverage a compendium of
Al systems incorporating material evolution data, and in-process sensing, through to
certified digital twins, capable of orchestrating high-fidelity simulation systems needed to
balance through-life assurance, and end-of-life recovery.

} Resource efficient and regenerative
) Innovative and Digital
Prof Steve Jones, AMRC
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The increased development and deployment of high-power density low heatinput power beam technologies to provide precise heating systems for joining and surface modification

Expansion of solid nologies te minimise substrate disruption , improve performanceand enable greater Expansion of scalable squipment for prototypical production and ceriification facilities to
design flexibility disassembly complete ona globalscale

Accesstoup-to-date joining technology road mapsto support UK global businesses navigating restrictions and opportunities within the market

Equipping workers with advanced joining knowledge, digital competencies, and hands-on skills for future manufacturing
requirements.

Deployment of joining qualifications that capture both practice and theary to create a conscious competent workforce >

Developing inspection, repair, joining, and remanufacturing methods prolonging Deploying high-fidelity DTs and structural integrity models to approve the use of DbA and CbA to improve sustainability, reduceenergy
senvice life and reducing environmental productimpacts. and accelerate regulatory and product approval schedules

Developing cyber-physical human-centred welding and joining systems (CPHS) combiningloT, digital twins, and collaborative robotsfor resilience. \L

/]

Translatinginnovative joining processesinto industry-ready solutionsthrough optimisation,
trials, scale-up, and cross-sector deployment.

Acceleratingdevelopment of high-performance, de-bondable adhssive palymers for hybrid joints and dissimilar material combinations >

Developinginnovative joining techniques enabling strong, reliable connections

Proving of innovative joining methods at scale
between mixed, reused, ordifficult-to-joinmaterials 2 G

Developing material-ct fon knowled bling selection of optimal joining methods for performance, manufacturability,
sustainability, and durability ANk
ing i eparation of components for 4
maintenance, reuse, remanufacture, or recycling. Increased use of energyefficient high-throughputjoining prot cing manufacturing speed, repeatability, automation -
- . readiness, and operational cost-effectiveness
Efficient repair, remanufacture, and disassembling of welds and bonds for circular &
economy goals over service life T

Integrated intelligent platforms connecting multiple technologies to support and improve joining productivity to enhance reliability and safety. Integrated intelligent platfor of R
temperatures, pressures, radiation, or remote locations

Implementingreal-time sensing and data analytics to detectdefects, stabilise joining
parameters, and ensure consistent quality

Standardising qualification, procedure, and certification frameworks for advanced and hybrid joining processes linkedto

supporting development of regulations, standards, and certification frameworks enabling safe industrial adoption of advanced . Framework of process standards and qualifications to move towards. +
joining technologies. standards convergence
*  Real-time classification of defects linked to life-models to determine
Implementingreal-time sensing and data analytics to detect defects, stabilise joining parameters, and ensure consistant through-life assessment
quality
T

Improvingwelding and bonding performance using predictive analytics linked to regulatory criteria to accelerate codes, safety case and certification approvals

Greater adoption of closed-loop controlintegrated with intelligent portable welding and joining equipment —e.g.

mobile robotic platforms and cobotic systems
Creation of intelligent tooling linked to tactile and remote sensor systemsto improve weld =,
modelling

Industry standard energy efficient monitoring systems for welding and joining equipment




2026 2030 2035 2040

e e o <> I d depl fusion, andsolid-state joining at scale using modified filler materials a

Joining of dissimil ial: ithi d across ial — aan a R . P

spectrum, e.g. i ics, a i i <> of joining. o
Technology domain Developi -capabilities through training and knowleck ing to
specific joining ‘

e of - T e e )

linkedto improve regulatory eontrol Flexible Lear: forms from RQ F8&

Reliable ical joining aolutions far ing

per ili i inclusgte

Traceable digh dsof s ne quality assurance . o

o g ey = Digital andpl methodstosafely process joining.
Digital Thread

eposi co nsive material prop AR o - - o
rcls, = e B optimize,
acollection al Latio neric gener; ‘design - A . . - . . .
— P ‘ e omy in and r aterialz } p material prop to isions, and design
advanc terials L
} Creation of a central processis ory for diss m ialjoining and it t imi; i
Wor i d i i Lie develop the
of j g
} P. ini thed L filles rials for dissimilar m joining.

Value retention :uxlain;-bil.i-:ymuduh' : Rl bt § Inn, ices g on recover, reuse and recycle critical materials
Advancedand N » . N

I d L between modelling and real ld af ignand certification by analysis

interconnected process
modelling

Harmoenised life
cycle analysis

Intelligent manufacturing
assurance &regulatory
engagement

Innovation requirements - joining engineering

Standardization of primary data and collecti T ‘information
Establish hnical for joining i o oo
e dcarb i inabili joining

Integrat gandi e hanced ‘} ing joining andi i iques di ithi i

uring reliability and ‘ high-quality production outcomes.
[

o - d mechanization to - ization linked ive p -

catAPULT

High Value Manufacturing




Joining
engineering

Process automation to boost
productivity and reduce O O O
manufacturing costs

Digitalisati hrol

gies for next generation of joining
predicting and optimising
manufacturing processes

Pathways for priority industry capability needs
A potential connected system architecture for industry scale-up

catAPULT

High Value Manufacturing

2026 2027 2028 2029 2030 2031 Industry deployment and further innovation 2035
(e, O O O O O
D of

Digital twins and physical
separation methods to
safely process materials
and components for
precision joining

loop
between modelling and
real-world manufacturing -
leading to design and
certification by analysis

digital design software to et

simulate, optimize, and
validate joining processes
before physical
implementation
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Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing
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Robotics and
automation

Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

Industry Capability Needs

are whatindustry needsto be able to

do (skills, processes, tools, systems) to
stay competitive & meet future challenges

Innovation Requirements

are the technologies, tools, processes
ortechnical enablers needed to support
the UK’s frontier industries

Priority industry capability needs

these are the critical areas identified through our
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details

L:I interactive sunrise L2 capability roadmap
diagram feriss

Follow the QR code or you can also
click here

Click here to access the interactive version
of this capability roadmap
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Automation and Robotics
ption in UK manufacturing will
icantly boost productivity and
competitiveness, Leading

to higher living standards

and more high-quality jobs.

Modular digital platforms
for data, Al, digitaltwins
and design components
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§°Y' Key demand drivers: industry challenges and opportunities

Robotics and
automation

Mass customisation
manufacturing through
scalable, flexible and
reconfigurable automation
solutions

Reconfigurable robotic cells - Modular
robotic stations can be rapidly retooled to
accommodate frequent product variations
seamlessly.

Flexible production lines — Autom:
enables real-time = 1to shift
sizes and up-st n quality hout
pting ifacturing fl. or effi cy.

Scalable autc tion archite res —
Systems expar contract acity easily,
suppor: dema 1s and
custon d order requirements.

lintegrated Al-driven planning - Intelligent
scheduling optimises robot tasks for high-mix,
low-volume personalised manufacturing
environments

Rapid changeover technologies - Smart
tooling and automated setup transitions
significantly reduce downtime when switching
between customised products

Strategic summary

Strengthened workforce
skills for business continuity
and long-term capability

Upskill staff to operate, monitor, and
optimize automated robotic systems
ensuringreliable production perfo! nce
during organizationa! disruptions.

nal auton n
ployees t ild
I cases.

Dev ed c -fun.
co stencies enablin
rob models

Implement struc 2d trai hgrams

hat 1 long: n robotics proficiency
>ducing 1ce on external technical support
sources.

Enhance digital literacy and human-robot
collaboration skills strengthening workfo
resilience across evolving autom ive
manufacturing environments.

1ous learr path

advanced rc ics techno! s, en ng
sustainable ¢ bility grow nd fu -ready
operational e tise.

Embed cor

The future of UK manufacturing depends on scalable, flexible automation enabling
mass customisation, a automation skilled workforce to ensure long-term capability,

and the compliantuse of data t

gh digital threads and product passports.

Advanced design, virtualisation and innovative materials will further drive resource-

efficient, low-energy, resilient production.

Prof Harry Burroughes, AMRC

Maximise the value from the
compliant use of data, digi
threads and digital product
pass S

Digital eads for traceability enables
seamle ata conr design
product and lifecycle improv fficiency
and deci: -making accuracy.

uct passports for compliance supports
structured digital records ensure regulatory
adherence while facilitating product lifecycle
management and sustainability reporting.
Data-driven optimisati Sollectec
operational data es Al and auton n
5% 1s to enhar yrocess performar and

raste.

are, pliant

sitive i natior
upp ains

:gulations.

a sharing ensuring
afely exchanged
out violating privacy

Lifecycle insights for innovation — Analytics
from digital product data supports continuous
product improvement and informed strategic
planning.

[nnovat.

) Skilled and empowered

>

Resource &

through adva
virtualisation and ir
naterials

avative

timised energy use - Digital twins and
simulations streamline robotic workflows,
reducing energy consumption and material
waste across production cycles.

Virtualised process simulations —
Simulation-driven layout and workflow design
enable efficient automation, minimising
resource use and operational downtime.

Innovative materials - Lightweight, advanced
materials reduce robotic handling loads,
improving system efficiency and lowering
energy requirements.

Precision and L te production —
Advanced design tools guide robots to
minimise scrap generation and maximise
resource utilisation consistently.

St inable product d p -
Integrated eco-design and virtual modelling
support environmentally conscious
manufacturing with intelligent, energy-efficient
robotic system

tegic Imperatives

) Reszource efficient and regenerative

) Inn d D
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Integration of Human-Robot
Collaboration (Cobotics)

Safe collaborative workflows — Cobots
support operators, enhancing productivity
while maintaining ergonomics and safety
within flexible manufacturing environments.

Adaptive assistance - Intelligent robots
respond to human movement, reducing strain
and supporting complex, precise assembly
operations efficiently.

Accuracy and consistency — Sensor-enabled
cobots improve task quality, allowing workers
to focus on higher-value decision-making
activities.

Agile production - Reconfigurable cobotic
stations enable rapid task changeovers,
supporting efficient small-batch and
personalised manufacturing processes.

Workforce capability — Trainingin cobot
interaction builds skills and confidence,
ensuring safe, effective adoption across
automated operations.




Technology domain

Embedded Al for
advanced manufacturing

Digital Threa

Value retentiov

Advanced and
interconnected process
modelling

Intelligent manufacturing
assurance & regulatory
engagement

Industry capability needs - robotics and automation catAPULT
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2030 2035 2040

| Solutions that lower barriers to robotic automation adoption, enabling wider industry access and faster integration Adaptive, Al-driven technical training for >

advanced automation capabilities

Safe, adaptive human-robot work environments where cobots assist
operators, boosting productivity and flexibility on the shop floor

)

Targeted training programs that upskill workers to operate, maintain, &
optimise advanced robotic automation technologies effectively

)

Reconfigurable robotic solutions that easily adapt to varying product types,
batch sizes, and evolving manufacturing needs

).

Innovative financial and operational frameworks to support sustainable
investment and scaling of robotic automation technologies

| Scalable, plug-and-play automation modules allowing manufacturers to build tailored robotic systems with fast deployment capabilities

o E—

Robotics systems capable of learning and adjusting operations autonomously in response to changing production conditions.

Comprehensive digital twins to simulate, monitor, and optimise robotic
manufacturing systems throughout design and production lifecycles

Data-driven manufacturing using digital twins, real-time verification and
cloud platforms for smart decision-making

| Creating robotics-driven systems that support sustainable manufacturing through recycling, remanufacturing, and resource-efficient production processes.

Tl )

| Designing standardized digital communication protocols for seamless integration and real-time control across heterogeneous robotic and automation systems >

| Agile, intelligent, Al-powered automation systems for diverse and custom production with integrated quality control

| User-friendly, plug-and-play systems with Al-enabled robotics to lower adoption barriers

| Centralised knowledge base of regulations and standards to guide compliant dep

loyment of automation in manufacturing >

Testing protocols to certify robotic automation systems’ reliability, safety,
and performance before industrial implementation

)
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2026 2030 2035 2040

SEEIE CIO.Ud platfor_ms @ enablt_; jemeteiconticbimonitonnezlanc Modular, adaptable robotic hardware platfofims thai be rapi = ! hanging production requirements
collaborative operation across sites

Technology domain Modular robot systems that scale flexibly with production needs,

specific enabling rapid deployment and reconfiguration

Scalable automation business frameworks that lower investment risk:

enhanced robotic system ori
Embedded Al for N odels and
advanced manufacturing o ecise k
Digital threau

Value retention

Real-time sensor data streams fo ediate proce e q ~ q . ] P
i C uring conditions

Tools for continuous monitoring, updati gy i iples within
systems to extend operational lifetime. e

Accessible software libraries that accelera

Intelligent manufacturing

Ergonomic, safety-conscious automation solutions that enhance 5 P 7
assurance and regulatory - " Standards to verify safety, reliability, and performance across robotic
engagemaent operator wellbeing and seamless human-robot collaboration automation technologies.

Robust cybersecurity measures to protect automated uring Open platform protocols to enable interoperability and seamless integration of

systems from cyber threats and operational disruptions heterogeneous automation and robotic components

Collaboration between software, hardware, and process engineers to ) . ) ) . .

accelerate integrated robotics innovation and deployment Augmented and virtual reality tools for simulation, operator training, and remote robot monitoring and control
Advanced and
interconnected process Connected automation systems that improve supply chain responsiveness and enable synchronized manufacturing across distributed sites
modelling

tad

t of aut: 1 robotic manufacturing systems

I Collaborative, open-source digital design frameworks that enable faster, }




“As

Robotics and 2026
O

automation

Maximise the value from the compliant
use of data, digital threads and digital
product passports

Resource and energy efficient
d design,
materials

y

ing gl
vir isation and il

Deliverinthion

lable flexihl

and ig

Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

Pathways for priority industry capability needs
A potential connected system architecture for industry scale-up
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Al embedded in robot controller
systems, faster processors, smart
networkof sensors, application
driven sensingresponse

Agile, intelligent, Al-powered
automation systems for diverse
and custom production with
integrated quality control

Physical process
product perform
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Industry deployment and further innovation 2035

Agile, intelligent, Al-powered
automation systems for diverse and

custom production with integrated O
quality control (part 1 reaches
maturity)

Data-driven manufacturing using
digital twins, real-time verification
and cloud platforms for smart
decision-making

User-friendly, plug-and-play
systems with Al-enabled robotics
to lower adoption barriers
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Technology transformation map catTAPULT
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2026 2030 Vision

Subtractive

manufacturing Establishment of data-centric .. . .
subtractive frameworks and Leading innovation for subtractive
digital passports for lifecycle manufacturing processes and

transparency technologies by pioneering

autonomous precision,

»
Implementation of digital {@Q
autonomy and digitaltwins
for intelligent process planning

Develop sruptiv digitali - A 9
’ igitalisation, and circularit
Deployment of reconfigurable andn adition ateria b? i ’ high-int _ty’
- q subtractive systems within removal processes for enabling resilient, high-integrity
Capability for design for connected and responsive challengingenvironments production across the
subtractive manufacture, p L hp . 4 , o .
repairand component re-use HEUSEUREIC UK’s critical supply chains
Adva d subtractive @3&/
Realisation of zero-defect 2% ngcapabil
subtractive processesand 4 next generation materials and
precisio e omple> future complex components
Dev mentofe ation near 1ape oS
frame ¢s for nex rerati Embedding sustainable
subtr ive manuf iring subtractive principles and

Harmonisation of physical
autonomy with human-in-
the-loop for robust
subtractive operations

engir s and mac sts energy efficientmachine

tools for circular operations

Key Demand Drivers )
are the relevant challenges Deployingembedded 3D
manufacturing technolos metrology and sensors to dri
UK manufacturing sector:

grobust cutting
ategies and tooling
ameters for novel
s and difficult-to-
Industry Capability hine materials
are whatindustry needsto

do (skills, processes, tools,
stay competitive & meet future

Formalising partnerships
betweenresearch centres and

industry to facilitate knowledge
exchange and de-risk R&D

Designing application-oriented
training programmes to upskill
Innovation Requirements a theworkfo.rcein hu[n.an-ce!\tric
are the technologies, tools, processes = automationand digital skills
ortechnical enablers needed to support

the UK’s frontier industries

CreatingAl-driventools to

Creating modelling toolkits that Engineeringtechnologies to EEEEER M el

Priority industry capability needs prioritise energy efficiency and capture, separate, and
these are the critical areas identified through our carbonreductionin process reprocess swarf and fluids for
extensive workshop process and data analysis. parameter selection circular resourcerecovery
Refer to the L2 pathways diagram for further details

verify processes via high-fidelity
digitalthread simulations

Implementing standard data
L1 interactive sunrise L2 capability roadmap protocols to enable secure sharing Prototypingscalable hybrid
diagram perite. and performance benchmarking systems and reconfigurable
Click here to access the interactive version ~ Follow the QR code or you can also across supply chains i::i::::::l:il:;:e;er;‘:::?::s
of this capability roadmap click here g op
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Subtractive
manufacturing

Key demand drivers: industry challenges and opportunities

Addressing the digital
deficit in manufacturing
process optimisation

Mitigating supply chain
fragility and securing
strategic investment

The subtractive manufacturing sector faces Areli on di 1 legacy Ir
volatile raw material availability and high tools hinders the sector's ability to adopt
capital costs for advanced equipment that precision, data-driven manufact 3.
stifle growth.

End-* necti
Strategic supply chain mapping: lack of rec, end-tc end cor
visibility requires mapping to foresigh* “igh- sec ss data flow fror
priority sectors facing critical feedst d meti fon.
tooling shortages

siloed leg asset
tivity to er )
mputer ai

Scalak!c flexibl: anufactuiiig: static
ilinvestme vigh ¢ rodu .ust become reconfigurable
w mechanis ode: lls to adapt to varying complex part

-capacity, r -axis geometries.

Iing ci
€0sts dernan
investment in
machinery.
Predictive process control: unpredictable
tool wear demands in-process sen<’
optimise surface finish, quality ai
dimensional 2

Stren- ' ning local ecosystems: global
un risks necessitate distributed,
reconfigurable subtractive manufacturing
networks and clustered factories to ensure
nationalresilience. Virtualising art machi < legi
equipment L ations requ irtua jon to
enable smarn ign, proce erifice and

automated cc tion.

Securing critical component supply:
sovereign capability is essential to secure the
supply of complex critical components.

Strategic summary

There is a critical demand for resilient supply chains, scalable energy infrastructure,
and resource-efficient production. To secure this future, we must position the UK as a
global leader in data-driven subtractive manufacturing and circular value recovery,
enabled by a skilled and empowered workforce capable of delivering these complex,
critical systems.

Prof David Curtis, Advanced Manufacturing Research Centre

Overcoming barriers in
advanced material
development and

o| icatio

is bottlenect 2 diffic

ng next cration terials
1 pace egulatory vatidation.

Innova
of proc:
and the

-genciation material machinability:
uiiknown cutting characteristics of next-
generation materials hinder applications in
hydrogen, nuclear and high value sectors.

Accelerating product valiciatic

certification sper rapid verit on of
processed surfac tegrity to accelera

m cturing rec 388

3 standardisat methods: rigid

sificay neces te agile standards and
fato sle wider material re-

e ypic material r high innovation
risks demand joint research to de-risk
subtractive manufacturing of novel materials
and protect intellectual property.

[nnovat.

) Skilled and empowered

) Resilient and r

Transitioning to

sustainable and «
subtractive
nant

‘CULS

ing models

Subtractive processes inherently generate
waste; the industry must urgently pivot to
reclamation and energy efficiency to meet
net zero.

Material reclamation systems: high material
waste necessitates systems for swarf recovery
and separation to improve material security.

Circular lifecycle design: linear consumption
models require designing components for
efficiency, remanufacturing and sustainable
decommissioning strategies.

Energy efficient machining: rising energy
costs demand optimised tool paths and plant
operations to drive manufacturing cost
reduction.

Sustainable process inputs: environmental
impact must be lowered by developing
sustainable coolants and extending tooling life.

tegic Imperatives

) Resource efficient and regenerative

) Innovative and Digital
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Scaling industrial
infrastructure to support
national energy systems

The UK currently lacks the large-scale
subtractive manufacturing capacity
required to deliver heavy energy
infrastructure and grid modernisation.

Grid modernisation strategy: grid expansion
demands defined supply chain options and
capabilities to manufacture future component
configurations.

Clean energy scale-up: capacity gaps require
developing heavy subtractive manufacturing
skills specifically for hydrogen production and
nuclear decommissioning.

Strategic sector foresighting: strategic gaps
necessitate foresighting applications that
support the industrialisation of large-scale
critical structures.

Decommissioning and compliance:
regulatory pressures demand compliant
processes for sustainable decommissioning of
offshore structures and nuclear waste.




Technology domain
specific

Automation of processes

Value retenti

Digital thread

Advanced and
interconnected process
modelling

Manufacturing with
advanced materials

Intelligent manufacturing
assurance and regulatory
engagement
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Industry capability needs - subtractive manufacturing

0 2035 2040

Deploying robust non-traditional subtractive systems for precision interventions within hazardous or nuclear environments

Mastering adaptive machining strategies to precisely finish variable components Rapidly industrialising disruptive material removal physics to continuously redefine
produced via casting or additive routes subtractive manufacturing possibilities

Cultivating a next-generation workforce combining traditional metallurgical >

5 3 A A Engineering next-generation machine tools that significantly increase productivity while drastically reducing operational ener:
expertise with modern data science competencies | g g g g Yy B Y v gop 8y

Implementing modular hardware-agnostic machining cells that allow rapid

Orchestrating collaborative robotics and automated handlingto augment human
reconfiguration for high-mix batch-of-one production

operators and enhance physical process autonomy

Integrating digital subtractive capabilities into wider supply networks to enable dynamic resilience and load-balancing >

Establishing agile manufacturing cells specifically designed to provide
immediate resolution to urgent supply chain bottlenecks

Codifying design rules that optimise components for initial machining, future repair,

. . mbedding waste hierarchy principles into shop floor operations to maximise resource efficiency and swarf recyclin
and subtractive re-manufacturing 4 yprincip P P y yeling

i ]

1 1

Harvesting real-time machine telemetry to construct live digital shadows for

. . N " tandardising machining data protocols to embed manufacturing history permanently within a component’s digital lifecycle passport
immediate, data-centric process analysis > 8 g 12 8 Y P! ly p gl ycle passp:

(

Utilising physics-based virtual prototypes to accurately simulate and predict cutting performance before physical production begins >

Implementing algorithmic planning tools to automate toolpath generation and reduce
manual CAM programming dependency

Formulating specialised cutting strategies and tooling geometries to process emerging materials

Aligning subtractive readiness levels with emerging product architectures to ensure immediate manufacturing viability upon design

Applying closed-loop monitoring systems to detect and rectify machining anomalies in real-time for zero-defect production




Technology domain
specific

Automation of processes
anddigitalintegration

Digital Thread

Value retention

Innovation requirements - subtractive manufacturing

2026 2030

2035 2040

Devel

the resilience and

efficiency of subtractive manufacturing supply chains

Fostering an enhanced R&D ecosystemthat bridges the gap

L the devel

partner t

Creating a dedicated platform tofacilitate th

Validath Lable hybrid =
deposition with subtractive finishing processes

y.
ul

mal
for the efficient rece “
Deploying Al-driven desig is tools t e SESS
component geometry for subtractive manufacturabilif

Embedded artificial
intelligence foradvanced Utilising machine learning algorithmsto enable adaptab turing systems driven by historic datapools
manufacturing
rtificial intelligence research within the subtractive domain

Advanced and
modelling Creating multi-objective process models that prioriti:

Developing optimisation toolkitsto p ivity rates against

environmental impact and resource consumption
Intelligent 3D metrol within
assurance &regulatory zero-defect closed-loop verification
engagement

I
.
3
>
g
—
I
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Subtractive
manufacturing

Addrasslng the digital deflclt in

ing pi F

Transitioning to sustainable and
circular subtractive manufacturing
models

ial infrastructur

nal energ't

Scaling in
support

Overcoming barriers in advanced
material development and
qualification

Diagram Legend

Key Demand Drivers

are the relevant challenges to this
manufacturingtechnology that the
UK manufacturing sectors are facing

Pathways for priority industry capability needs

A potential connected system architecture for industry scale-up

2026 2027 2028 2029

2030

O
O

o e nEE G EE PR

O O O

Developing optimisation

Establishing data-centric shop
floors that securely capture
and share real-time process

performance analytics

O O
Deploying Al-driven
design analysis tools to
automatically assess
component geometry
for subtractive
manufacturability

Establishing open-access
data frameworks to
accelerate artificial

intelligence rese:
the subtrac
ey

Integrating low-cost /

sensor networks for rea
time monitoring of
machining stability and
vibration dynamics /
Implementing integrated ‘
management systems for
validating and distributing
critical material and process
capability data

Industry Capability Needs

are whatindustry needsto be able to

do (skills, processes, tools, systems) to
stay competitive & meet future challenges

Innovation Requirements

are the technologies, tools, processes
or technical enablers needed to support
the UK’s frontier industries

mechanisms to enhance the
resilience and efficiency of
subtractive manufacturing

supply chains

O

Establishing collaborative networks to

Implementation of digital autonom
and digital twins for intelligent
process planning

o5

Realisation of zero-defect subtractive
5; processes and precision finishing of

complex near net shape routes

Advanced subtractive processing

o 77A  capabilities for next generation
materials and future complex
components

the validation and route-t

str

market for emerging raw materials

.

5
Department for
Business & Trade

High-growth
sectors

k-5 £
5 &

g
Advanced Def Foundation Digital & Life
Manufacturing efence Industries Technologies Sciences
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Clean Energy
Industries
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How can you help?

The HVM Catapult technology strategy will be informed by this consultation.
We invite inputs from a broad range of UK manufacturing to shape the
roadmaps and the relevant innovation priorities.

Follow the link to take part in the consultation and help shape the
technology innovation priorities for UK industry:

https://forms.office.com/Pages/ResponsePage.aspx?id=T6cm_jmD3kW8K6
2j72hTmHeXx2S1YQhLhagbXdKDmPVUOUM...

The HVM Catapult technology strategy will be published following the
consultation period.

caTAPULT

High Value Manufacturing
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