caTAPULT

Technology

Strategy
Consultation

28.01.26

University of ;-'_‘_-.\\\“Z!, .
© shetficid /AMRC < CPI

§
-dp_
o A |

tional Manufacturing
Institute Scotland

J\WMG
THE UNIVERSITY OF WARWICK



W/

Scope and distribution

Thisdocument 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

cATAPULT
transformation maps support industrialists and researchers to unde technology
capabilities will emerge and reach maturity so they can navig s\ of innovation landscape.

rﬁ ,
cezaPULT Ae T Inspire
HVMC Technology transformation map

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

igne provide a concise summary and positioning of technology domain.

Chief Technology officers & other executive functions
A Government officials

A Industry leaders

A Chief & Principal Engineers

A Academics

mmmmm

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 throughour

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 tech he UK
manufacturing sectors are facing ‘

- 1 ; Level 2T Influence
Standardised, sustainable Increas; o N Cost: tive, res ce- Materials innovation and Key d e m an d d riVeS

manufacturing and m ‘argesca ins v and carbon certified circular material-
circularity practice nufact imised manufacturing, supply chains

maximis i X : e i et : A comprehensive and detailed breakdown of industry
challenges and opportunities within this technology domain.

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

A Chief Technology officers

A Strategy focussed executives

A Chief & Principal Engineers

A Industry leaders

A Academics

o meet damanding
pertormance and safety standards scross
‘aeroapace, energy, and offshore sectors.

Strategic summary

There is a strong and growing demand for low-carbon, energy-efficient production, mlm : N
xp nded large-scale manufacturing capabilitie: nt domestic supply chains ol Strategic Imperatives

cross the UK’s high-growth sectors. To g
essential to position and support the UK's adv. nufacturing sector as a leader ) skilled >
in high-value, circular, and precision-enginee facturing grc " NNS. > : - C———

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 2T Influence
HVMC technology domain roadmap

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

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

A Chief Technology officers

A Strategy focussed executives
A Chief & Principal Engineers
A Industry leaders

A Academics
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cAatAPULT

High Value Manufacturing

Innovation requirements

are the technologies, tools, processes or technical gn dto )
iaG’G’YIG]LLIG]”IJLIJOUKiLIJnI t gl RIJH

Innovation requirements — neat ne ‘ ATAPUL LeVEI 2 T Inﬂuence
' HVMC technology domain roadmap

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

nnnnn

Designed to guide organisations with the development of internal
DitarTvesa e gt < technology and product roadmaps.

A Chief Technology officers

A Strategy focussed executives
A Chief & Principal Engineers
o : - A Industry leaders

A Academics
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High Value Manufacturing

Y,

Pathways for priority industry capability needs

\ This view lays out a potential connected system architeetare for industry

scale-up supported by our network of specialisticentres

@I Pathways for priority industry eapability needs

: . : catAPULT
— A potential connected systemiarchitecturefor industry s¢ale-up e iy
Near net o0 S - i A =
shape o Industry deployment and further innovation 20385

Viable methods to reconsti
27 critical metals into high-qu

o5 complex

- ts and
tkl
; \ datatass, o Ip sports, recycled

smart testing facilities, \ and longer in use materials

and demand mapping
\| circular manutacturing

Improved process control and

and carbon optimised 77/ assurance through intelligent
‘manutacturing, through advanced {057 monitoring, metrology and self-
de: rototyping
; @w R calibrating tooling
ring technologies
support and s
rapld product development
TR R \
and localised heating \
5 - systems for forming and
Increased capacity for largescale forging applications X
N
L <O: ~ qualification through advanced [ ea i gl E T o
: n sectors Develop validated digital twins,
process ‘models, and simulation

tools to enable certified NNS.
manutacturing routes

Diagram Legend

L]
Key Demand Drive: vation Require Industry Capability Needs [ oohiny < ass Eg% 4
v High-growth  ,qancea e 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, Summary
y 47 e
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) Level 1 Technology transformation map catAPULT

High Value Manufacturing

2026 2030 2035 Vision

Innovative end -of-life strategies, V_'f}b'e‘ mel”]"dsttohf??"s"fulf_te / Leading innovation for near net shape
optimise material usage through critical metails into high -quality, = 9 )
simulation, and design for sorting complex components, using higher teChanbg'_es and Strateg_|es by

and remanufacture recycled content, high -strength pioneering new techniques,
and longer in use materials . AR .
Low-carbon feedstocks, electrified reducmg WaStf: d|g|ta“§at|0nv
Build UK supply chain intelligence, " ' heating systems, energy -efficient tooling and enabling sustainable,
material datasets, and demand Efficient heating for and precise digital process controls to la cale manufacturing
forecasts aligned to high - hybrid and sustainable reduce emissions and material waste : | J
performance applications forming processes ¢ Wa 6 |
th sectors
Improved process control "&; Stand to support (re) -
" Recycled content for and assurance through &2 manufacturing, enabling an
oA | hybrid and sustainable intelligent monitoring gy increasing use of high-value,
it forming processes and self-calibrating tooling recycled materials

7

Diagram Legend

Accelerated at -scale process  Z{A
development, optimisation and oy
lification through advanced
process mo ng and dic satior

Combine additive, casting and
forming technologies with hybrid
tooling to create tailored composite
structures and components

Key Demand Drivers
are the relevant challenges to this
manufacturing technology that the

Expand UK strategic
UK manufacturing sectors are facing

capability in

- incremental forming

Industry Capability Needs JouE ?ﬂﬂ_gy
are what industry needs to be able to sion in forming,

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

. . smart testing facilities,
Innovation Requirements .
are the technologies, tools, processes ar.'d demand magt‘t::: N . Partner with powder suppliers
or technical enablers needed to support < d - n o 8 R

q6NWoOukt wnl YOqR Bp| WROT 2t gl R and predictive and universities to develop and
ufacturing stages qualify materials for extreme
environments and formability

Increased automation and
digitalisation to enhance

production efficiency, consistency
and data-driven decision -making

Priority industry capability needs

these are the critical areas identified throughour
extensive workshop process and data analysis. 0 3
Refer to the L2 pathways diagram for further details SRR S )

enable cleaner thermal processing prototyping capabilities to

L1 interacti ) by replacing fossil fuel -based heating facc&telgraﬁ the vahfdat:or}

Interactive sunrise il in high-temperature operations Of sustainable manufacturing

diagram L2 capability roadmap technologies and complex
component designs

Click here to access the interactive version  Follow the QR code or you can also P! g

of this capability roadmap click here

Embed modularisation, DFX,
and dismantling principles into

design standards and materials
processing knowledge base



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

Key demand drivers: industry challenges and opportunities

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 cor °nts
closer to final geo

1-loop erial syster
Entic dsc recovery and alloy re
practices enable circular use ighva!
metals such as nium, alt ium, an
nickel superalloy

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=pe processe
Develonment of hightonrage forging, farmin
& casting capabilities roduce lai more
complex structures efficiently and repeatably.

Integration o mai Sturing
technologies: Use of adve \uiation, in
rocess monitoring,and adaptive control to
nsure \onal accuracy and traceability
large-scale components

Investment in advanced infrastructure
Expansion of national facilities and testheds
across HVMC centres to suppo

scale trials and o2'ification of la

componei
Cross-sector clasign and srial
innovation: red R&D in alloys, coatings,
and forming inethods to n demanding
performance and safet ndards across
aerospace, en 1 offshore sectors.

Resilient UK manufacturing -
supply chains to
manufacture large, comapleX
components for varied
Operating conditions

Distribu (| near ne capabilly

Building regional manifacturing,huts

equippec ' castir(. ‘orging, and forming to

<trogthe (lumestic capacity and reduce
_aice on imports.

Material and process agility

Developing flexible near net shape proc=
that can accommodate multip| fe?
component geoma*! S sectoi

D sonnectivi

Implementing enct
daics o ensur
Irance, and rap

1d tracenbility
gitaltwins & data
nsparency, qual
sponse to supply c..ain

tainable and secure sourcing
.umoting the use of recycled feedstocks, UK
based material supply, and circular economy
principles to enhance longterm resilience and
sovereignty.

Cost-effecti resouic
efficient and carboi
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, longlife 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 inprocess sensing and analytics to
continually improve yield, efficiency, and
sustainability metrics.

catAPULT

High Value Manufacturing

Materials innovation and
certified circular material -
supply chains

Advanced alloy development: Designing new
high-performance alloys optimised for near net
shape forming, improving formability, strength,
and recyclability.

Recycling and re-melting innovations:
Establishing efficient remelt and reuse
pathways and standards for highvalue 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 reuse of materials.

Process-material co -optimisation:

Using simulation and datadriven control to
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 logarbon, energy-efficient production, - Innov=t.:

expanded largescale manufacturing capabilities, and resilient domestic supply chains UK

¢ HI Vit Wa 6-grawdhisectortlddRathéeve sustainable and scalable growth, it is

Bttt WUqReOWqYWGEYt RgRYUWE UT Wt 2 GGY I qllg 6 IWOuU Kk {PUskille@addEripkivertd( ¢ U e P Betbare diRddtRrdlt=ddrirapive|
in high-value, circular, and precision-engineered manufacturing for NNS. ) N

Strategic Imperatives

) Innovative and Digital

Dr Evgenia Yakushina,NMIS




Innovation requirements T near net shape

2026

Expand UK strategic capability in incremental forming

catAPULT

High Value Manufacturing

2030 2035 2040

Combine additive, casting and forming technologies wi b Iili 0 “ a ll yosite structures and components

Expand UK strategic capability composite thermoforming through
equipment development

Address UK gaps manufactt y chain

9_

aces anufac

Develop hydroforming and electro -hydroforming presses to support

Technology domain advanced forming processes in NNS manufacturing

specific

Deliver NNS-focused education and training from appre

databa

Digital Threa circular manufacturing

reate nati mat
' and dema appin

Partner with powder suppliers and universitie:
materials for extreme environments and for

Advance repair, reconstitution, and recycling te! ‘M es eturn

Manufacturing witl
advanced materials

Value retention

Advanced and
interconnected process
modelling

Harmonised life
cycle analysis

Intelligent manufacturing

e, digital passports, smart testing facilities,

1.C™ h-quality
produc

high -qual
g mills (s aluminium)
build workforci W .

N Innoval drog
jing applications

NS mal
gh -qual

turing

NS manufacturing

and electric localised heating systems for forming and

arge

-scale NNS manufacturing

and ret dustry 4.0 technologies to enhance
erformance ani ion processes

Implemen
nanufactu

ol 1
will

erials to prime quality in Near net shape supply chai  ns
Embed modularisation, DFX, and dismantling principles into design standards and materials processing knowledge base

Establish LCA databases and carbon accounting standards to measure
sustainability across manufacturing technologies
I Develop validated digital twins, process models, and simulation tools for PM  -HIP and Near net shape certification

assurance & regulatory

engagement Work with regulators and agencies like NDA to align Near net shape

technologies with nuclear decommissioning needs

Create hydrogen testing facilities and collaborate with standards bodies
and OEM s for material qualification

)|




Industry capability needs T near net shape catAPULT

High Value Manufacturing

2030 2040

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

Technology domain Recycled content for hybrid and sustainable forming processes Promote right behaviours across industry to support adoption of sustainable
specific and advanced manufacturing practices

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

Embedded Al for Improved process control and assurance through intelligent monitoring,
advanced manufacturing metrology and selfcalibrating tooling

Enable recycled metals in NNS, improve formability, and validate performance Build UK supply chain intelligence, material datasets, and demand forecasts aligned to
against virgin and mixed material inputs high-performance applications

Manufacturi

advanced Low-carbon feedstocks, electrified heating systems, energsefficient tooling and precise digital process controls to reduce ensisions and material waste

Viable methods to reconstitute critical metals into highquality, complex components, with higher recycled content, highstrength & longer in use materials

Value retention Innovative endof-life strategies, optimise material usage through simulation, and design for sorting and remanufacture

Advanced and Reduce joining, optimise models for PMHIP, ceramics, and tooling cost
mtercqnnected process reduction through robust simulation tools
modelling

Accelerated at-scale process development, optimisation and qualification Intelligent monitoring, flexible tooling, and advanced metrology for improved assurance
Intelligent manufacturing through advanced process modelling and digitalisation and thermal control
assurance and regulatory

engagement Standards to support (re)manufacturing, enabling an increasing use of higlvalue, recycled materials

Harmonised life cycle Develop LCA, repair, and recycled material standards; accelerate certification
analysis and centralise carbon and performance data




Diagram Legend

Key Demand Drivers

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

Pathways for priority industry capability needs

A potential connected system architecture for industry scale

2026

_up

2027 2028 2029 2030 2031 Industry deployment and further innovation
o o O O O O-mmmmmmmmmmom—moooooooooo--oooo-

Partner with material suppliers
and universities to develop and
qualify materials for extreme
environments and formability

Work with regulators and
standards agencies to
support NNS technologies

with circular materials
O—o

Viable methods to reconstitute
critical metals into high -quality,

\J
Create a national materials
database, digital passports,

O

smart testing facilities,
and demand mapping

for circular manufacturing

/

ish Lt tabasesm
] coun
measul stainability across NNS

manufacturing technologies

complex components, using higher

recycled content, high -strength
and longer in use materials

tandards to

Improved process control and
assurance through intelligent

re lity groups for industry
l with large -scale prototyping hubs

to support automation and
rapid product development

O
O

nd prototyping

monitoring, metrology and self -
rate the validation of calibrating|tooling
turing technologies
ponent designs

Accelerated at -scale process
development, optimisation and

Innovation Requirements

are the technologies, tools, processes

or technical enablers needed to support
qéNWOuKkt Wnl YOqRII WR

ﬁevelop validated digital twins,

process models, and simul

ation

tools to enable certified NNS

manufacturing routes

Industry Capability Needs

are what industry needs to be able to

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

0
Department for
Business & Trade

High-growth
sectors

qualification through advanced
process modelling & digitalisation

h-5) Ly
s @ R
== o R
Advanced Foundation Digital & Life
Manufacturing Defence Industries Technologies Sciences

catAPULT

High Value Manufacturing

&

Clean Energy
Industries
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Additive
manufacturing

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

for industry
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Additive
. manufacturlng

Diagram Legend

Key Demand Drivers

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

Industry Capability Needs

are what industry needs to be,able t6

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

Innovation Requirements

are the technologies, tools, processes

or technical enablers needed to support

qéWOukt Wnl YOqRWI WRUT 2t ql Rt

Priority industry capability needs

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

L_1 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

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 efficient recycling loops and
material recovery driven by
government policy

Adoption of circularity
principles by UK
industry, specifically
supply chains

to develop and qualify
and recycled materials

2035

Digital tools that enable an {g}&,
effective design workflow and
digital thread

Mature, reconfigurable
additive and hybrid
manufamurmg systems

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

Standards and best practice {55
guidance for manufacturing and

certification of AM components s
Fast validation of product

performance and shorten
development cycle
Improved cost, rate, scale é&'}
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
Vision

Lead the UKO&és adva
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

inspection and
predictive quality

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

Develop end-to-
end process chain
that integrates with
the AM processes

Demonstrate an effective design
workflow and digital thread,

supported by material data, process
simulation and process data capture

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

Implement technical and
commercial training programmes,
including apprenticeships and
upskilling of existing roles

Improve efficiency and efficacy of
part inspection for QA, creating
routes to rapid qualification



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

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 strictires  redu SS
while maintainin g 1abling high
efficiency designs for demanding application

Integiaied m material pri ] providas
tailored prope enhancing curability
thermal manag nt and irservice
reliabili

.abled 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, distribute™ manufaci 113
reduces inventary, tooling expense, and lon
sup” 2 ance.

ET ‘ation eyeles \ninimise rework and
deveicp mes, deliverine 21,
more cost-effecti = “roduc it

o0l-le: cuon enables economical

v-volume and customised manufacturing
compared with traditional forming or
machining.

Automated AM workflows impr
repeatability and redice labourii (- sive
steps, low~ ar par

Advanced 1 - - 13n for AM ‘ces arial
use by building only requirec ceom
lowering was ' -nd prodt 01 cost

Sustainable
manufacturing through
reduced material wast

and energy usage

Near-net-shape Al s machining
operatio nd associated energy
consump across production lines

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

Digital monitoring optimises bui
parameters to reduc y demand and
minimise proces riability

AM enabled locali on suppl
chains, decreasing transport emissions
improving environn al performance across

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

Advaneea, dioital toe
and end to end
manufacturing dat
rocessing frameworks

Integrate sensor -rich AM equipment with
real-time monitoring systems to capture
detailed build data for improved 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 highvalue
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 AMenabled repair planning across
complex industrial assets.

Customised AM overlays enhance surface
properties for improved 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, lowwaste processes. It extends
asset life, reduces costs, and strengthens supplchain resilience. By enabling
advanced materials, rapid iteration, and distributed manufacturing, AM underpins a
more competitive, adaptable, and futureready highvalue manufacturing economy.

- movt- Strategic Imperatives

) Skilled and empowered ) Resource efficient and regenerative

D Resilient and responsive » Innovative and Digital

Dr Hoda Amel, MTC




Technology domain specific

Digital Thread

Intelligent manuf
assurance & re
engagement

Manufacturing with advanced
materials

Advanced and interconnected
process modelling

Embedded Al for
advanced manufacturing

Automation of processes and
digital integration

Value retention

Industry capability needs T additive manufacturing

2030

2026

Advanced design, materials and manufacturing concepts to enable large complex assemblies with lower pazbunt

Improve designs of nexigeneration components (better performance, more sustainable, better value) with lower througtife cost

Distributed (and reconfigurable) manufacturing system and increased supply chain collaboration for resilience / centralisedd., clustered) factories

Reduce cost of manufacturing through more efficient and flexible additive
manufacturing processes

catAPULT

High Value Manufacturing

2040

value retention and virginto-EoL material supply chains

Deployment of a skilled workforce across the manufacturing value chain to support additive manufacturing, component lifecycle

|
|
|
|
|

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

—I—

+

Deploy advanced digital tools and eneto-end manufacturing data processing frameworks

Define acceptable readacross conditions for transferring material and process >

qualification across AM machines and applications.

Fast validation of product performance and shorten development cycle

Open access methods for material traceability

)

‘ Optimised AM materials with higher strength and performance characteristics

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

Process optimisation and predictability (using data, simulation, control systems) for
productivity, performance, energy use, assurance and cost savings

Fast validation of product performance and shorten development cycle

)

Digitalisation and data-driven manufacturing for efficiency, quality, cost and sustainability
improvements

Integrated decision tools for production based on combination of simulations
and real data

Mature, reconfigurable additive and hybrid manufacturing systems

Advanced additive manufacturing methods to minimise waste

Extend life of components across lifecycle with additive manufacturing
technologies (e.g., repair / remanufacture)




Innovation requirements T additive manufacturing catAPULT

High Value Manufacturing

2026 2030 2035 2040

Drive mar i iori ighli i i i Pull- thmughAMte:h

Technology domain for keysectors
specific

efficiency consistent reliability

training i i ills pipelines to develop

I E  t0-onddigitalth
E apult data sharing
iement structus

Ensure trustworthy, application-ready ma manufa m

digitalis

Vo= B - S—
andards / datasetstokeep up

E ™ - - .

d applications, R

with technology developments

Manufacts
advanced matel

Partner with p, " iversiti i L ration higher-valu gh mutti-material,
recycled materials | functionallygraded compo e .sign workflows

Focus on materials t bl i
development of emerging high-potential materials

ignworkflow for higl i b . modulas F ddismantling principlesinto design
Advancedand modelling te rds

interconnected process
modelling AM process
applications

Develop intelligent in-a S i aviourand
detect deviations instantly

Embedded Alfor
advanced manufacturing

Automation of processes ish rapid build
and digitalintegration cost reduction

Encourage adoption of
interchangeable AM processes &
interoperable process chain steps

Value retention

toreturn

Filld. in for priority equi i o (GA

Harmonised Life Cycle
Analysis

sustainability across AM

Supportis




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

B

Additive
manufacturi ng 2026 2027 2028 2029 2030 2031 Industry deployment and further innovation 2035
o o o o o "o STRPRR R g W g -0
S \J ~/ S

Implement AM -focused technical and
commercial training programmes,

Advanced digital tools and end to end .
. ) Automate design workflow for . . " o
manufacturing data processing high-complexity geometry apprentlcesljlps. and skills pipelines to
frameworks supported by process modeliing develop a highly capable, future -ready ..
manufacturing workforce Dlglta| tools that enable an
Oo— —O 7~ effective design workflow
Improved designs of next -generation Demogzﬁ:ﬁﬁ!’;&to'e"d and digital thread
components with better performance v
and value

Sustainable manufacturing through
reduced material waste and

energy usage . |
/ , and end -of-life
dis iderations into additive
\ manufacturing design standards. |mprOVed cost, rate, scale
o ';ﬁdaum eCC; / and quality of AM processing
U ~ - . .
man N Identify areas of strength to enable eC0n0m|C .and
sustainable applications

and weaknesses for UK
considering scale -up
predictions for key sectors

processe
rger, high-g

Support improvement ve ma*l-additive
of standards/data sets cturing ses capable of
ucing larger, high -quality

to measure
environmental impact components with consistent reliability
Extend component life and value L
across the lifecycle

Standards and best practice
guidance for manufacturing

and certification of AM

Establish HVM Catapult data sharing
and ability to share externally, Components
adopting data management structures
in line with existing standards

Diagram Legend 5 e 3
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catAPULT

High Value Manufacturing

Technology transformation map

2026 2030 Vision
Establish test facilities
supporting the testing
of emerging products
and applications

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

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.

Encourage adoption of
digital sharing of
assurance data among
supply chain

Accepted methods and 21
frameworks to ensure 5
single source of truth

for assurance data Establish test beds to develop

integrate and validate novel
inspection, measurement and

test techniques and processes .
Adoption of developed

new product & process
assurance standards

Integrated frameworks
and maturity grids for
assessment and 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

Advanced use of data 72,
~ and simulation across
OI,Q quality and certification
activities

Simplified approaches,
software, and Al to
address assurance

challenges

Diagram Legend

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

Cross sector transferable
inspection, measurement
and certification best
practice

Key Demand Drivers

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

Process certification by
analysis, reducing physical
testing through analysis and

in-process techniques

ating credible digital
bility of quality and
ertification data

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

vision recognition systems Assurance for Maintenance,

stay competitive & meet future challenges

Innovation Requirements
are the technologies, tools, processes

Repair, and Overhaul /
Remanufacture, Repurpose,
Reuse and Recycle

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

or technical enablers nee
q6 JWOu Kt Wnl

Cost/benefit/risk analysis
framework for investment in
inspection, measurement

Establish secure traceable
assurance data throughout
the full Model -Based

processes and technologies

Priority industry capability needs

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

L1 interactive sunrise

diagram L2 capability roadmap

Follow the QR code or you can also

and test activity

Engineering (MBE) workflow

Demonstrated integration of
assurance requirements
within MBD models

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

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

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

Click here to access the interactive version

of this capability roadmap click here
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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 datadriven 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 throughuse and
enabling recertification of in-service legacy

equipment.

Accelerated Certification:
Utilisation of existing and inprocess dafa 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
unigque 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.

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.

Assurance Importance

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

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

Control Systems Iniegration:
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 Innovsti: H i
HVM Catapult. Through advancement of kprocess measurement, e StratteC Imperatlves
traceability and the exploitation of data, HYMC 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 produeassurance

approaches, while reducing cost and development lead times. > >m

Graeme Bisland CEng, NMIS

) Skilled and empowered ) Resource efficient and regenerative




Industry capability needs - assurance

2026 2030

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 . .
A 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 i g 2 ? g

T
advanced manufacturing

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

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

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 -
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 analysis framework for investment in inspection, ‘
measurement and test activity

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

Technology domain
specific

Enabling accelerated standards for certification of new products to meet
emerging needs, such as clean energy

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

aceability of assurance and operation data in -field for exploitation

Digital Thread

Establish secure traceable assurance data throughout the full Model -Based

Engineering (MBE) workflow

ification pathways, inspection,
echnologies

Embedded
advanced m.

ay programming using MBD data

planning based on results and in -

Demonstrate credible consistency in detection o

Inspection, measurement and test of advance ‘ ‘ . I

Manufacturing with
advanced materials

Value retention Assurance for Maintenance, Repair, and Overh acture, Repurpose Reuse and Recycle I_
Demonstratable application of in -process 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 ‘ 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 cqVacqRUDWT W2 10aYGaN0qWynWES AR Wn VI
and processes across inspection, measurement 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 2028 2029 2030 Industry deployment afid fuirther innovation 2035
o o o O O O REEELELEEES T Sl Gk  CaEhhhhbbt 0
Establish secure Demonstrated secure
. X traceability of assurance external access and 7~
Demonstrated integration of data throughout the full sharint =
N g of assurance data oFF)
assvbji:ﬁ;:\c;éeg\g:c?gl?ts Model-Based Enterprise across external supply ACCGpted I“EthOdS and @)
- (MBE) worldlow chein parizgiaell} 77A frameworks to ensure ?E,
Advanced Assurance Certification O O @ | R (o]
O . )
and Regulatory Pathways @ single source of truth for > &=
assurance data
Increased pressure on manufacturing to reduce 4’ !ﬁ
cost and lead times without compromising D — tratabl
quality and reliability of product is driving o er}:g:;or:\; ir?» ) a ?ornaoaf ine—
consideration of new approaches and exploiting Le itori pri control
opportunities throughout product development . >
and production, including inspection, o, O ~
measurement, test and certification. Iﬁf%
y ke
mtomate and validate Develop adaptive & dynamic Advanced use Of data and ;E‘/
N 5 inspection planning based on 3 . R 2
inspection pathway P esuits and in process simulation across quality and Ge | E —————— (o)
programming using MBD data measuregent ‘ e - s > &2
SulaR certification activities ey
. . £ i
Integrated Digital Manufacturing and .\ f 46
Assurance Data Traceability AN
Traditional approaches of demonstrating
traceability and communicating assurance data
throughout manufacturing are time consuming, N ~
labour intensive and subject to human error. S\a-\\)
Alternative means of demonstrating and Automation of fault . i ce kel
communicating inspection, measurement, test o;_;;:jrc]:gz ﬁ:lr analysis and classification Slmpl ified approaches, ‘;y/
and certification data would not only satisfy " .Demonstrate credible of defects for triage of | . N
existing needs but offer improvements and CESMENES R (SR STy LN TG G software, and Al to address Cie o (0]
opportunities to increase efficiency. vision recognition systems assurance Cha”enges £
REA!
&y [l

Diagram Legend

Key Demand Drivers

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

Innovation Requirements
are the technologies, tools, processes
or technical enablers needed to support
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Diagram Legend

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

Innovation Requirements

are the technologies, tools, processes

or technical enablers needed to support

qéWWOukt Wnl YOqRWI WRUT 2t gl RIJt

Priority industry capability needs

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

Technology transformation map

2026 2030

Manufacturing skills and workforce
development across the value

Early detection & diagnostic standardisati
to developing reliable, standardised
diagnostic workflows and reager ) enat
earlier disease de onand int 2ntion

2
Food and feed production for {(‘3}&/
sustainable agriculture and secure,
chain resilient supplies supporting human
and animal nutritional needs

Accelerating safe, ethical
therapeutic approval
through standardised

regulations, virtualised
manufacturing, and robust
data governance

Scaling cost -effective, GMP -compliant
manufacturing for complex biologics Alt Jtive a
and personalised medicines to meet enabling innov

licrobials

e biological

to cc at resistanc
alth acros

growing demand approac
and pro globe

diverse appli

Sustaine a effectiv
biomar turing a ncing
reener production methods to
lace traditional processes and
reduce environmental impact

Access to scale -up for

S EGCNTI ) <L novel and innovative

biomanufacturing facilities and
capabilities underpinning
public health an

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

Develop novel
biomanufacturing
capabilities including
new modalities,
bioreactors, analytics
and formulation

catAPULT

High Value Manufacturing
Vision

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

suring cost competitiveness, food

) security, and health innovation while
@ Suf ting economic growth and
environmental sustainability

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

Leverage digital capabilities
including digital twins,
integrated analytics and
automated process control to
enhance biomanufacturing
efficiency

Develop standardised digital models,
in-line analytics, and fast
computational tools to optimise
biomanufacturing quality

Develop scalable drying, purification,
and formulation technologies -
including bioprinting - to enable

efficient production of alternative
proteins and advanced materials.

R

L1 interactive sunrise o
: L2 capability roadmaj
diagram e pability map

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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catAPULT

High Value Manufacturing

Key demand drivers: industry challenges and opportunities

Global food systems Indt
processes seek need sustainable an tra
optimisation for efficiency secure nrod.ction SuUS
and sustainability SolutiQas nate

Healthcare & diagnostics
require biomanufactured
components for reliable
and innovative detection
and monitoring

[fies, are
itioning to
inable biobased
d chemicals

Next generation

therapeutics require
innovative biological
production methods

manufacturing Biomanufacturing

Bio-based feedstocks anddefossilisation
strategies reduce petrochemical
dependency and emissions.

A Growth in phage, microbiome, RNA, . o | . A Aternative proteir flar
5 ] : A Process intensification and automatio ) : =
oligonucleotide, and gene therapies agriculture improvsdood's ity anu

8 o reduce energy, , and res: e use 5 B
demands advanced, flexible clinical ay reduce ‘environmental impaet:

A Early disease detection drives demand

manufacturing platforms.

Personalised medicines and
theragnostics mall-ba
precision biomanufac g with rapid
cale-otit capability.

Synthet
enable n
complex th

nlogy and celfree expression
drug development a
very systems.

no-system delivery technologies
increase manufacturing complexity and
require new process innovations.

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

Strategic summary

ving productivity.

sition from sit 1se plasti 0
Circ °d se d-life m ials
supports sustainability

St sed LCA and carbon
accounting frameworks enable
transparent sustainability measurement
and compliance.

Energyefficient organisms
biocatalysis methods supp« reener,
low-in N pathways.

Defossilisation and s inab
feedstc reduce reliance on
petrochemicals and ove supply.
chain resilience

Gas iermentation and vertical farming
enable scalable, controlled production of
food and pharma ingredients

Bio-derivedagri-stimulants an
health solutions me=' (ro
and climat

llation

ot

< needs.

Vel bioproducts¥or space trave! and
p/anatary col oudaghlight strategic
bigmanufactu importance.

d safely stendards and traceability
systems - ure consumer trust and
regulatory compliance.

High-performance biopolymers and bic
recovery technologies enable circular
economy adoption.

Hydrogen and carbon as building blocks
support advanced materials and
sustainable fuels.

Certification frameworks ensure trust
and scalability for recycled and bie
derived materials.

Sustainable packaging and standardised
metrics drive ecofriendly manufacturing
practices.

for diagnostic reagents and biologically
derived components.

Animal-free testing and ethical in vitro
models accelerate innovation and
regulatory acceptance.

Data science and realtime release
technologies enable rapid certification
and deployment of diagnostics.

Virtualised manufacturing supports
smart design and faster regulatory
approval processes.

Regulatory clarity for microbiome and
phage therapies remains critical for
market adoption.

UK biomanufacturing must advance agile, sustainable platforms to meet healthcare,

od, 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
design underpin a futureready, low-impact biomanufacturing ecosystem.

Strategic Imperatives

[nnovatn
UK

) Skilled and empowered ) Resource efficient and regenerative

) Resilientand r ive ) Innovative and Digital

Suzanne Robb, CPI




Innovation requirements T bio-manufacturing catTAPULT

High Value Manufacturing

2026 2030 035 2040

Access to pilot scale infrastructure, that is either specific of flexible, to support the needs across biomanufacturing secto s ‘ \ _

Personalised therapy supply, generating products for small numbers of patients in localised institutes . ‘ - ‘
~—
i Sustainable and cost -effective biomanufacturing advancing greener production methc @ @ duce iron|
Technology domain

specific

Food and feed production for sustainable agriculture andisecure, es supporting onal eeds

Optimised and available bioproductio
biology

w w M h ombat resistance and protect global health across di verse applications
(rccess g3l and gt
d

ufacturing to increase efficiency, and sustainability and costs of bio man ed prod! —

Digital Threa

Circular material systems using waste as fe w greel Il ‘
N
Value retention Cost effective biomanufacturing enabling positi w
chemicals and materials sectors

Advanced and
interconnected process

Manufacturing witl
advanced materials

modelling

Harmonised life X .

cycle analysis Standard LCA across biomanufacturing sectors

Intelligent manufacturing Real-time release to enable manufactured products to be rapidly deployed at the point of manufacture
assurance & regulatory — e - . -

engagement Legislative support prioritising the use of sustainable biobased alternatives

across all sectors




caTAPULT

High Value Manufacturing

2040

Technology capabilities T bio-manufacturing

2026 2030

Technology domain
specific

Digital Thread

Embedded Al for
advanced manufact

Manufacturing with
advanced materials

Value retention

Advanced and
interconnected process
modelling

Intelligent manufacturing
assurance and regulatory
engagement

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

Establish 100r1000L drying, extrusion, purification and formulation
capabilities for productization.

Understand capability and capacity gaps for large and novel > Develop novel biomanufacturing reactors and processes including access to pilot facilities

biomanufacturing approaches across the UK

Implement integrated LIMS/MES with equipment connectivity,
robust metadata, and compliant data governance.

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

| |
9VtuGeqcqRYUcdWh§aRAL Kk WaYYdRONDW IJQIJGYGRUD%HC

Multiomics integration through converging genomics, proteomics, transcriptomics,

metabolomics data with agreed standards and formats tools, and harmonized outputs for interoperability

Engineer extracellular matrix mimics, tuneable biostability polymers,_and structuredaltur%
materials improving yields for alternative proteins

Influence and enable funding and investment incentives through partnerships with IlUK, UKRI and other groups such as BIA a8ic\B

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

Agree data, quality, and lab method standards to ensure comparability and regulatory confidence in ngzharma sectors includingdeveloping open >
source engineered strains




Pathways for priority industry capability needs

A potential connected system architecture for industry scale

_up

2026 2027 2028 2029 2030 2031 Industry deployment and furthemifinovation
f i O O O O O 1O e
manu acturlng
Formulation and stability of bio - Process intensification /
actives for long term storage / novel process creation for
application including efficient / cost effective
encapsulation production Food and feed production for
N o ~ ustainable agriculture and secure,
o e A" resilient supplies supporting human
Legislative support to push an |t | d
g st / and animal nutritional needs
pesticides / stimulants
—_— —_— —_— _—
centiwgoption and
/ ration into the NHS as viable
alternatives to antibiotics Alternative antimicrobials enabling
~ ~ innovative biological approaches to

Regulatory guidance on alternative
antimicrobials further developed across

STy

—
!Development of modular
A iomanufacturing to ensure

adaptability and flexibility of UK

Sustainable and consistent f ock,
standardised feedstock te: 0
understand process efficie

combat resistance and protect global
health across diverse applications

Sustainable and cost -effective

capabilities biomanufacturing advancing greener
O —O O production methods to replace
) ) . : - ) traditional processes and reduce
Increased technologies (PAT) improving Chemical processing integration & " cll[g li SR &
process monitoring, modelling and for feedstock generation / environmental impact
development of digital twins product formulation
Diagram Legend - e —
i i i ili Dé sariment for | E (11 (O .°.£:ﬁ
Key Demand Drivers ) Innovation Requirements Industry Capability Needs Biiness & Tiade aon !% o &
are the relevant challenges to this are the technologies, tools, processes are what industry needs to 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
UK manufacturing sectors are facing q6WOukt Wnl YOqRIWI WR dtRyrRaurpetitive & meet future challenges sectors Manufacturing Defence Industries Technologies Sciences
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&

Clean Energy
Industries
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Composites
l Engineering

Materials and products
tailored for harsher
environments

Level 1 Technology transformation map

2026

Innovate joining techniques

for comp

osites to similar

and dissimilar material
systems

2030

Advance fibre and matrix ,Z
development to optimise g
composite material
properties and performance

2035

Accelerate materials
discovery through advanced
computational and
experimental methodologies

catAPULT

High Value Manufacturing

Vision
Deliver UK competitiveness by uniting
scientific excellence, advanced
manufacturing, and digital innovation to

lead globally in composite engineering i
delivering resilient, sustainable, and

high-performance solutions for next-
generation energy, transport, and
defence.

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

Develop tooling systems

with advanced materials

integrated sensing and
rapid fabrication

Develop throughlife digital
twin systems for design
manufacturing, and
operational performance

Advance tailored composite
structural concepts for step-
change performance
enhancement

Establish advanced testing
and assurance methods
and equipment for
accelerated design

Develop recycling
technologies and products
using reclaimed materials

from composite

Increased size and
complexity of products

Create tools for concurrent,
P accelerated product
& development and
certification processes

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

Dlag ram Legend Develop tapes, intermediates
Key Demand Driviers and matrix materials capabilities
are the relevant challenges to this
manufacturing technology that the
UK manufacturing sectors are facing

Enh&ancad UK supply. chain
resilienc ind rc - nfigurabuity in
critic~ aterials and products
Design and manufacture
functionalised tooling systems,
considering heating, sensing,
reconfigurability etc.

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

Industry Capability Needs

are what industry needsto be able to

do (skills, processes, tools, systems) to

stay competitive & meet future challenges A
Improved productivity

through enhancing qua:

rate and cost of manufaciuie

Innovation Requirements

are the technologies, tools, processes

or technical enablers needed to support

qéWWOukt Wnl YOqRWI WRUT 2t gl RIJt

Mature recycling technologies,
especially in service of establishing
circular supply chains and business

models

ion rate at required

quality and increasing scale Mature ceramic matrix

composites towards
Priority industry capability needs apphcanqns e r;ange @
these are the critical areas identified througtour GRS
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details

Facilitate concurrent engineering
through joined -up software solutions

Reduced embodied carbon
of materials and products
and reducing waste

Establish cutting -edge UK
carbon fibre development and
production facilities

Embed trusted LCA approaches
L1 interactive sunrise and standards into supply chain
activity

diagram L2 capability roadmap

Follow the QR code or you can also

Click here to access the interactive version
click here

of this capability roadmap
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Composites
Engineering

Key demand drivers: industry challenges and opportuniti

.

Improved productivity throunh Reduced embodied carboi
enhanced qualitv, rate 1St materials and products and
of mani¥actur reducing wast

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

Materials and products tailored
for harsher environments

Extreme-condition performance:
Designing composites that maintain High -speed, high-cuality product;
Dynamic supply chain adaptability: strength, durability, and functionality Indusrizlise adyaneed cormnosite
Building flexible networks that can severe operating c/1/ironme manuiactiring for ragiathrouchput
rapidly respond to disruptions and , _ : : withou! comproiiising precision.
changing market demands. Acdvaneed, nmaierial engineerin
Develonina fibres, matrices, ar

Strategic materin! - ity \ coall thigh temperaturgs,

esource-efficient production:
Minimising material wastage and
energy usage to improve manufacturing
productivity.

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

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.

Ensuring actess.iowctitical raw corrosion, anc machai £sS.

rals through diversified sourcing

ane robust domestic capabilities \daptive stiuctural concepts:

Creating innovative composite Scalable mai iiilg systenr
architectures that deliver reliability and Deploy flexible, n2xtgeneration
efficiency under unpredictable factories capak ting futu
conditions. demand atgloba! scale.

Collaberative innovatic

ecosysicms:

Cri g integrated partnerships across
mustry, academia, and government to
accelerate technology adoption and
resilience.

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 summary

Inhovate
UK
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The UK holds a leading global position in the design, production Strategic |mperativeS

and use of products made with composite materialsr across

POWETE! Resource efficient an regenerative

that, and propel it towards resilient productivity through rapid

production, sustainable materials, and brand-new markets. ) Resilient and resy » Innovative and Digital

Matt Scott CEng, NCC

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 T composites

2026 2030

Deploy robust, temperature -stable, cost -effective tooling solutions
Technology domain

specific

and use ne hesive d bonding processes, including
oo s e

Digital Thread

ngineer tions dering ed - rial gration, including co - Establish cutting -edge UK carbe
curing and
Develop tapes ediates and

Manufacturi ith

Al skills and workforce devel ent - - ‘ achil arning to support materials discovery

velopment and production facilities

catAPULT

High Value Manufacturing

2040

ix materials capabilities

advanced m. Is

- -—
ceramic matrix composites towards applications in a range of envirenments k‘

Industrialise novel manufacturing systems and priori w rate a ‘- m creasing sc
. —_

Value retention Mature recycling technologies, especially in sei w ﬁ ar supp ains and business models

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

ocess data

cdeliing Facilitate concurrent engineering through joined -up software solutions

Harmonised life

cycle analysis Embed trusted LCA approaches and standards 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




Industry capability needs T composites engineering caTAPULT

2026 2030 2040

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

Technology domain
specific . .
* Advance tailored composite structural concepts for stepchange performance enhancement

(ElnaraliteGl A ifel . Accelerate materials discovery through advanced computational and experimental methodologies
advanced manufacturing

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

Manufacturin

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

Deploy highly automated manufacturing processes for scalable, coseffective production with composites >

i
i

Value retention Develop recycling technologies and products using reclaimed materials from composite

Develop throughtlife digital twin systems for design, manufacturing, and operational performance
| |

Advanced and
interconnected process
modelling Create tools for concurrent, accelerated product development and certification processes

|
Establish advanced testing and assurance methods and equipment for accelerated design

Intelligent manufacturing
assurance and regulatory
engagement

Understand and monitor manufacturing processes for rapid and
efficient product assurance

Harmonised life cycle q q .
analysis Y Implement methods to robustly measure and use environmental impact data of materials and processes




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

_up

Composites
p . 2026 2027 2028 2029 2030 2031 Industry deployment and further innovation
Engineering o o o o o O mmm g SR WM __

Deploy robust, temperature -

Industrialise novel manufacturing
stable, cost -effective tooling

systems and factories that prioritise

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

production (ate at rgqulred quality solutions
. and increasing scale
Improved productivity through
. . O
enhancing quality, rate and cost of O —0O-
manufacture

Use sensors in production
together with analytic elf -
adapt ring p es

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

tablish M -edge UK

n fibre development and
production facilities

O
O

with composites

Advance fibre and matrix
development to optimise composite

Materials and produ red for
harsher e en
taps

Mature ceramic matrix
mat

composites towards
applications in a range of
environments

Reduced embodied carbon of
materials and products and reducing
waste

Mature recycling technologies,
especially in service of
establishing circular supply
chains and business models

Embed trusted LCA
approaches and standards
into supply chain activity

.

5
Department for

Diagram Legend

Key Demand Drivers Innovation Requirements Industry Capability Needs Bsiness & Trade

are the relevant challenges to this are the technologies, tools, processes are what industry needs to be able to :

manufacturing technology that the or technical enablers needed to support do (skills, processes, tools, systems) to ngh_grOWth
qéNWOukt Wnl YOqRII WRU dGthyrarpetitive & meet future challenges sectors

UK manufacturing sectors are facing

material properties and performance

rmediates
capabilities

A Deploy recycling technologies and

products using reclaimed materials
from composite

@/
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Advanced Foundation Digital & Life
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Clean Energy
Industries
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High Value Manufacturing

ransformation map
2030

Technology

2026 Vision

Agile, connected, manufacturing

through interoperable reference

architectures, digital threads and
distributed supply chains

Drive widespread adoption of digital
manufacturing across UK industry, we
can unlock transformative gains in
productivity, efficiency and global
competitiveness. These advancements
willinot only strengthen supply chains
and sustainability but also create high
quality jobs, elevate skills and deliver
long -term prosperity for the nation

o Integrated process optimisation
- linking automation, digital twins and
connected enterprise systems

Industrial cybersecurity frameworks 271
and digital resilience solutions for 7
secure, authorised, and standards
compliant manufacturing operations.

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

. 2
Comprehensive data and Al

governance frameworks ensuring _
: . secure, FAIR, and qualitydriven Advanced simulation
> Systalnab\e design ’,/&1}' nanufacturing data management for design optlmlsatlon , uncertainty
and digitalisation to minimise wast e quantification, and process

Diagram Legend

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

Innovation Requirements

are the technologies, tools, processes
or technical enablers nee to support
q6 WOu Kt Wnl

BT -
Priority industry capability needs

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

L1 interactive sunrise L2 capability roadmap

diagram perises

Follow the QR code or you can also
click here

Click here to access the interactive version
of this capability roadmap

and maximise resource recovery

Digital platforms for knowledge
capture, traceability, and skills

qualification to reduce costly trials and
accelerate innovation

Integrated process optimisation linking automation,
digital twins and connected enterprise systems

frameworks supporting assurance
and lifelong engineering

Development of ontologi
development

frameworks, data

systems to support predictive
maintenance and real -time monitoring
for extending component life

Demonstrators and testbeds for
interoperable, secure and
governed data management and

Digital manufacturing tools
supporting scale -up
of quantum technologies

Al-driven modelling, simulation, and
analytics for process optimisation ,
validation, and productivity
improvement.

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

sharing platforms advocating

industry standards



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

Digital
Manufacturing

Key demand drivers: industry challenges and opportunities

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 s
enable scalable,
diverse applications.

Digital twins and lean manufa ng
principles support continuous
improvement ar ocess i sification.
Adopti f digitalisation enhances quality,

vings, and sustainability across
manufacturing operations.

Strategic summary

Digitalisation and automation are driving productivity and sustainability across

Address knowledge capture
and retention challenges
through digital technologies

Workforce development initiatives d digi
skills across the entire manufacturi alue
chain.

cliff ensure
orkers retire from

Addressing the knowled
conti ience
the sector.
igital support compliance with

MP and advanced manufacturing
equirements.

Upskilling enables adaptation to new
technologies and evolving industry stan

Robust data governanc=
management f 2 meworks
enst -Cure

uecentralised , and etfectiy
use of Mmanufaciuring data

Implemen | data '1.ai1agement systems
rts o.«iership, security, and
uecentralised data access.

Knowledge management frameworks enable
effective sharing andutilisation of
manufacturing information

Dat= 7 nvernance - -ures compliance
rex ns and industhy'stanidards for ¢
Proted

ntrah data siraicgies enhance

1 andinnovation across
Jfacturing neivorks?

[nnovat.
UK

—

Increase digital literacy,

rust and industry -wide data
naring to drive effective
jitalisation and meet rising

user expectations

Promoting digital literacy and awareness
fosters organisationalreadiness for digital
transformation.

Ethical frameworks and trustbuilding 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 sectorwide innovation and
resilience.

Strategic Imperatives

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. 2 Skilled and empowered

) Resilient and responsive

Dr Nandini Chakravorti , MTC

) Resource efficient and regenerative

) Innovative and Digital

caTAPULT

High Value Manufacturing

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 ecological impact.

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.




Technology domain
specific

DigitalThread

Embedded Alfor
advanced manuf; g

Manufacturing wi
advanced material

Value retention

Advanced and
interconnected process
modelling

Harmeonised life
cycle analysis

Automation of processes
and digitalintegration

Intelligent manufacturing
assurance &regulatory
engagement

Industry capability needs T digital 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

Configurable, interoperable digi 1l
thre: 2 5

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.

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 >

Al-driven analyticswith digital threads and interope ir sility

Data driven processes for fasterqualificat 1ce on testing for advanced materials

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

).

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

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

Integrated digital twins and material passports powered by advanced analytics

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

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

catAPULT

High Value Manufacturing




Innovation requirement T 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 il T e R R e o

A o Demonstrate advanced Autonomous and remotely

Establish validation of Al models wireless, edge computing, and operated systems to support

enabling optimisation , open APIs enabling seamless predictive marm e and

Advanced digitalisation , automation, transparency;andiadvanced communication across re for : :
and process optimisation drive analyticsiformanufacturing manufacturing environments Ilfe Agile, connected, manufacturing
productivity, competitiveness, and o o) o through interoperable reference
sustainable manufacturing architectures, digital threads and
performance Development of ontologies, distributed supply chains
interoperable framework: re

data sharing rms, |
Ssports a labor:
ms to es robu
Robust data governance and ‘knowledg agel

Integrated process optimisation
linking automation, digital twins

Demonstrate Al -driven modelling, .
simulation, and analytics for and connected enterprise systems
process optimisation , validation,

and productivity improvement. " ¥

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

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

Alinsights that are trustworthy,
validated , ethical and transparent

Support workforce upskil
in digitalisation , data-dri
manufacturing, cyber
security through targeted traif
Digital skills framework

and literacy programmes
Address knowledge capture and
O encompassing education and
professional development

retention challenges through digital
N
& B @
v Rab

technologies

Diagram Legend " =
Industry Capability Needs gjégf;gg;eg‘{;;,e (lEE

Fﬂ‘n

Key Demand Drivers Innovation Requirements
are the relevant challenges to this are the technologies, tools, processes are what industry needs to be able to Hiah-arowth
f i i do (skill tool! te i - N i B
manufacturing technology that the oréeﬁhmgluer:{a:aleﬁnnfegeg to SpuﬁplorEuR | q&%{lﬁ;p{;r&c::zeieszzjyes:}Eﬁlnzes g g Advanceq Defence Foundation Digital & Life Clean Energy
q q sectors Manufacturing Industries Technologies Sciences Industries

UK manufacturing sectors are facing
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2026

Joining
engineering

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

Innovation Requirements

are the technologies, tools, processes

or technical enablers nee to support
q6 WOu Kt Wnl qRIJI WRUT 2t gl RIJ
Priority industry capability needs

these are the critical areas identified throughour

extensive workshop process and data analysis.

Refer to the L2 pathways diagram for further details

L1 interactive sunrise 5

: L2 capability roadmaj
diagram fers. pability map

Follow the QR code or you can also
click here

Click here to access the interactive version
of this capability roadmap

< Technology Tr

nsformation Map

2030 2035

Capabilities for Qg}&‘/‘
dissimilar materials
and recycled materials

Hybrid manufacturing
techniques to enable joining
of next-generation materials

for harsh environments

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

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

Advanced automation integrating
Digital Twins, FEM, and in-situ
monitoring to capture and control
joining integrity in real -time

A library of
prescriptive mo
dels for a suite of

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

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

Harmonized skills and
qualifications with international
standards while embedding

digital credentials and
competence passports

erisation of joining

The use of hybrid
technologies to engine

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

joining technologies to enable modular,

catAPULT

High Value Manufacturing

Vision

HVM Catapult, alongside industry,
academia and partner RTOs will
champion innovation in sustainable

repairable, and recyclable structures
through advanced design, digital
integration, and workforce

upskilling to secure UK
manufacturing global
competitiveness

High-fidelity data capture,
simulation and Al -assisted
validation leveraging largescale
digital twin models for
optimisation of joining processes

Developing and validating advanced

and efficienc
g including digital, predictive and
lifecycle assessment models

Joining techniques to promote
modular construction enabling
higher performance and
sustainable energy systems

design and simulation techniques T

Integrated cost estimation, sustainability
assessments and data governance for
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

A Key demand drivers: industry challenges and opportunities caTAPULT

High Value Manufacturing
AN

Process automation to boost
productivity and reduce
manufacturing costs

Through life assurance that
leverages data-driven
technologies

Accessibility to skills T from
technicians to engineers

Advanced design practices
to improve sustainability :
circularity

Digitalisation technologies
for predicting and optimising
manufacturing processes

Joining
engineering

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.

Closed-loop process

control using Machining Learning to define
processing limits andautomatically adjust
processing conditions within those approved
qualification limits

Targ ing PathwaysT Develop
programs for technicians anc

engineers to master advanced joining

technol s and digital

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

asign isas ly to enable the
cient separation of joined components,
plifying reuse and recycling processes

The use of advanced tacfile and remot2
sensi gies nonitor dimensiona
Process passports enabling the automated deviations dusingjoinir improve Collaborate with universities and employers to
generation of process specification n*~~edures mo 0 nredict residual stress and improve °r practical, accredited courses aligned
providing direct capture of essentia struciy with emerging joining innovations.
supplementary e« “meter:

formulate a ‘Tri i« jualifical acord relate 2eal-* - dimen- ©1al inspecton to enable Demonstrator Access T Provide reatworld

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

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

Industry demia Partnerships T

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

Human-Centric Life Cycle Design

rial, component, strug ansla duct and process information facilities for skill application, enstri principles to ensure safe, efficient
be incorporated into digital systems to workforce readiness for complex join Digital Twin Integration to simulate joint assembly, maintenance, andre
Increased deployment of high -speed, hioh= nighlight and prevent insequence rectification processes. performance and lifecycle impacts, optimizing manufacturing throughout product life
energy density, 2nc'photoric joiaing of products sustainable design decisions o
technologics toe _imilar joining Fl Learning Platfor Offer onl Digital product passports ~ that captures
capabf!i; -ind minimise disruption of Modularised Portable Repair Sy=t and blended learning options to reach diverse Modular Joint Design to create adaptable and links material property data, joint
< properties enable reconfigurable and integrz tecjoining roles across the manufacturing supply ct joints for easy repair, upgrade, and extended geometry and process inputs at the
and inspectio he applied product life component Igvel to the resultlng rgs|dua|
Agile, quick -change intelligent tooling linked to avariety, of conditions and envit ( ous Professional Development T stress and microstructural predictions

to implementing standardized modular
construction to maximise utilisation and
match demand in high volume production
environments

Create lifelong learning frameworks to keep
nicians and engineers updated on evolving
joining standards and practices.

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

The application of closed |
thermal mar ment systems linked t
material specifications o rove preauctivity

/Q \~///’IIIl/Il \
Strategic summary =] — = = /_(

~ers/ i1,
The increasing demand for joining engineering will see the adoption of advanced design - y S = =
practices for circularity, prioritizing disassembly through modularisation to improve f
sustamabl_llty an_d recover valuable mat(_enals vyhllst m_amtalmng the need for high } - :?Eow-t-' Strateg|c |mperat|ves
structural integrity. Such a challenge will require engineers to leverage a compendium of
Al systems incorporating material evolution data, and ixprocess sensing, through to 3 |
certified digital twins, capable of orchestrating highfidelity simulation systems needed to ; . . E > 5 £~ o ©
) . Skilled and d R 1f and & = — ==
balance throughtlife assurance, and endof-life recovery. ) sited and empowere ; Froureseisientand resenarave y s 5 VR
Innovative and Digital % o =] |“ | E 2

Prof Steve Jones,AMRC - —=y — = n i
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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 T 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
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Pathways for priority industry capability needs
: . . catAPULT
A potential connected system architecture for industry scale -up

Joini ng 2026 2027 2028 2029 2030 2031 Industry deployment and further innovation 2035
g~ o O O O O 0
engineering B e 7
Digital twins and physical dieirzaﬁ){jz:imnos;tx:?ec?o Interconnected loop
separation methods to s?mulate g o —— between modelling and
safely process materials el '(;inig roéesses real-world manufacturing -
and components for be:ore paypsical leading to design and Advanced, automated and scalable
Process automation to boost semoning implementation Eeiticetenio e S joining technologies which improve
productivity and reduce O O O integrity, reduce variance and
manufacturin P . h 1 .
anufacturing costs Working with academia and Integrating joining and inspection  techniques enable high thr_oughpul manufacturing
malt_enals l(’jmdl:c'”?h directly within manufacturing processes t of next generation products
RO . suppliers to develop the improve efficiency, monitoring, and
Dlgltallsat_lo_n technoIOQ|e_s _for next generation of joining quality productioutcormes.
predicting and optimising consumables
manufacturing processes
Standardization of prim;
collection_ methods t¢
"Trustw rmation
‘proc data e
Accessibility to skills T from Capabilities for joining dissimilar
technicians to engineers materials and recycled materials [ A e B ettty
Through life assurance that leverages
data-driven technologies m‘g of dissimilar
materials Twithin genre
and across the material
spectrum, e.g. metallics to
ceramics, a metallics to
composites . _
Advanced design practices that o - l Advanced dv_eS|gn practices to support
improve sustainability and circularity @ 7 end-of-life disassembly and recycling
Data collection and collation of Tfﬂcemfds Innovative design
generic materials to generate of materials and practices building on
joining design and performance components for quality modularization to
taxonomy for virgin and assurance and end -of-life recover, reuse and
circularity in joining recycle critical materials

recycled materials
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are the relevant challenges to this are the technologies, tools, processes are what industry needs to be able to : -
manufacturing technology that the or technical enablers needed to support | do (skills, processes, tools, systems) to H Igh_grOWth Advanced Foundation Digital & Life Clean Energy
UK manufacturing sectors are facing q6éWOukt Wnl YOqRWI WR dtayrRarpetitive & meet future challenges sectors Manufacturing Defence Industries Technologies Sciences Industries
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e Technology transformation map catAPULT

2026 2030 Vision

» Robotics and

automation - Data-driven manufacturing {5}0, Automation and Robotics

A capable UK based , TSI EEHEIN (] il adoption in UK manufacturing will
Automation supply chain verification and cloud platforms X - s
for smart decision -making significantly boost productivity and

competitiveness, Leading
, Intelligent and adaptable 2 a.a
Training and upskilling {7 automation and robotics to higher living standards
for widespread solutions for and more highquality jobs.
automation adoption segregation, disasse
e nanufacturin

User-friendly, plug -and- Agile, intelligent, Al -powered
Proven technology and play systerr th Al - automa systems for
validated business models enabled robotic lower dive_rse and _custom
adoption barriers production with integrated
quality control

Automation and
Trustworthy nsparent b .
mous systems for © ot\cts opleraténg ‘S an Physical process optimised
i unstructured an
Dlag ram Legend oduc A —_——— by product performance
through life via Data

Key Demand Drivers )
are the relevant challenges to this ad adoption of
manufacturing technology that the Automatic vith responsive
UK manufacturing sectors are facing UK based yply chain with
Sensor-integrated automation global recognition

Modular digital platforms
for data, Al, digital twins

Industry Capability Needs and design components

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 ) .
or technical enablers needed to support : Flexible automation,
qéWOukt Wnl YOqRWI WRUT 2t ql Rt Il t mobile robots and
o . ption and developmen dexterous grippers
Priority industry capability needs
these are the critical areas identified throughour
extensive workshop process and data analysis.
Refer to the L2 pathways diagram for further details
Al embedded in robot controller
L1 interactive sunrise systems, faster processors, smart
di &3 L2 capability roadmap network of sensors, application
lagram driven sensing response

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

TAsll Key demand drivers: industry challenges and

Robotics and
automation

Mass customisation
manufacturing through
scalable, flexible and
reconfigurable automation
solutions

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

Flexible production lines T Autom:
enables reattime a 1 to shif
sizes and upst 1 quality without
pting manufacturing flow or efficiency.

Scalable autc ion architectures T
Systems expai r contract capacity easily,
suppor dema 1s and

customised order requirements.

Integrated Al-driven planning T Intelligent
scheduling optimises robot tasks for highmix,
low-volume personalised manufacturing
environments

Rapid changeover technologies T 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
ensuring reliable production perfc nce
during organizationa! disruptions.

al automation
WlOEES uild
d cases.

De\ ed.c -func
col tencies enablir
rob! models

Implement structured traini grams

hat b long 1 robotics proficiency
2ducing nce on external technical support
sources.

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

lous learn Hathv

advanced r ics technologies, ensuring
sustainable Ability growth and futureready
operational expertise.

Embed cor

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

Digital threads for traceability enables
seamless data con s desig
production, and lifecycle improv fficiency
and deci -making accuracy.

Ict passports for compliance supports
structured digital records ensure regulatory
adherence while facilitating product lifecycle
management and sustainability reporting
Data-driven optimisation Jollectec
operational data es Al and autos on
systems to enhance process performa and

vaste.

ure, pliant

sitive matior
supply chains

2gulations

sharing ensurin
safely exchanged
hout violating privacy

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

opportunities

Resource & energy efficien

through advanced design,
virtualisation and innovative
naterials

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

Virtualised process simulations T

Simulation-driven layout and workflow design

enable efficient automation, minimising
resource use and operational downtime.

Innovative materials T Lightweight, advanced

materials reduce robotic handling loads,
improving system efficiency and lowering
energy requirements.

Precision and low -waste production T
Advanced design tools guide robots to
minimise scrap generation and maximise
resource utilisation consistently.

Sustainable product development T
Integrated eco-design and virtual modelling
support environmentally conscious

manufacturing with intelligent, energyefficient

robotic system

caTAPULT
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Integration of Human -Robot
Collaboration ( Cobotics )

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

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

Accuracy and consistency T Sensorenabled
cobots improve task quality, allowing workers
to focus on highervalue decision-making
activities.

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

Workforce capability T Training incobot
interaction builds skills and confidence,
ensuring safe, effective adoption across
automated operations.

The future of UK manufacturing depends on scalable, flexible automation enabling
mass customisation, a automation skilled workforce to ensure longterm capability,
and the compliant use of data through digital threads and product passports.
Advanced design, virtualisation and innovative materials will further drive resouree
efficient, low-energy, resilient production.

Strategic Imperatives

[nnovat.
UK

) Skilled and empowered

) ! ent and 0 3 )Im‘l.

) Reszource efficient and regenerative

Prof Harry Burroughes, AMRC




