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Key context

* ‘Healthy’ economy requires increased productivity
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Productivity?, difference from expected value as a proportion of peer group median

1. SME =10-499 employees; Large = 500-4999 employees; Very Large = >5000 employees

2. Estimated GVA (EBIT + employee costs) is regressed on a range of variables to control for sub-sector and number of employees using a Weighted Least
Squares method (with employee numbers as the weighting). The output of this regression is used to compute and expected productivity, representing the
average for a firm of that size in that sub-sector. The residual for each firmis plotted as a percentage of the median productivity for a firmin the same size
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AVERAGE GROWTH IN LABOUR PRODUCTIVITY, 2001-2007 AVERAGE GROWTH IN LABOUR PRODUCTIVITY, 2008-2014
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Key context

* ‘Healthy’ economy requires increased productivity
* Technology is long-term driver of productivity growth

* Technological innovation is critical but difficult
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Mechanization, Mass production,

. Computer and Cyber Physical
water power, steam  assembly line, :
.. automation Systems
power electricity
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UK Industrial Strategy

The 10 pillars

Investing in science,
research & innovation

Upgrading
infrastructure

Improving
procurement

Developing skills

Supporting businesses
to start and grow

Encouraging trade
& inward investment

Delivering
affordable energy
& clean growth

Cultivating
world-leading sectors

Driving growth Creating the right
across the institutions to bring together
whole country sectors & places
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2017 Industrial Digitalisation Review

MADE
SMARTER.

REVIEW 2017
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2017 Industrial Digitalisation Review

Leadership
Project the UK as an
international leader,

leveraging our
technological
leadership

MADE Innovation Adoption

Leverage UK’s World Create active
M AHER Class research and promotion and support
o entrepreneurial strengths. mechanisms on a
REVIEW 2017 Promoting innovation National Scale

and early stage
adoption
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PHYSICAL PRODUCTS IN PHYSICAL SPACE DIGITALPRODUCTS IN VIRTUAL SPACE

E.G. ADDITIVE MANUFACTURE &AUGMENTED REALITY
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Prototyping Rapid Tooling

Wong, K. V. and A. Hernandez (2012) "A Review of Additive Manufacturing." ﬁBN_MgghanmaLEngmggnng_Artlcle ID 208760
Deradjat, D. and T. Minshall (2017). "Implementation of Rapid Manufacturing for Mass Customisation."
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‘3D printing [..] has the potential —
to revolutionize the way we make

almost everything’
President Obama, State of the Union Address 2013

AVISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment
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“It is estimated that the UK can win up to 8% or £5bn of
this rapidly growing global market for AM products and
services, forecast to reach £69bn by 2025 and this will
have a strong effect on protecting existing jobs (63,000
by 2020) while also generating new employment’.

Additive Manufacturing UK 2016.
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Is this ‘just another productlon technology
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Industry 4.0
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Is this a ‘digital’ thing?
Microelectronics
Education Programme
‘3D printing: The PC all over again?’ The Strategy
Economist 1.12.12
‘A 3D printer for every school would
encourage innovation’
The Week 19.6.14 et
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E -
APPLE Computer Company * 770 Welch Rd., Palo Alto, CA 94304 « (415) 326-4248
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Images: http://www.computerhistory.org/; oldcomputers.net; Konstantin Lanzet; Evan-Amos; Apple Inc.
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How to improve our ability to commercialise
emerging production technologies?

i.  What are the actual and potential impacts of the
adoption of AM-3DP on business models?
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Phaal, R., E. O'Sullivan, M. Routley, S. Ford and D. Probert (2011).
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Potential for mass customisation

4 High
P
Q0
©
=
Low
Low High
With thanks to Dominik beradjat
~ MANAGEMENT Volume B W UNIVERSITY OF
| l 1 \/ ‘ et 9P CAMBRIDGE

Department of Engineering



How to improve our ability to commercialise
emerging production technologies?

ii. How is the adoption of AM-3DP linked to the
location of production activities?
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3D printing-enabled re-distributed manufacturing

Provides opportunities for

Re-Distributed
Manufacturing

Economics
Standards / QA
Materials
Skills
IPR

3D Printing /
Additive
Manufacturing

/
Enables

Ford, S. and T. Minshall (2015). Defining the research agenda for 3D printing-enabled re-distributed manufacturing. Advances in
Production Management Systems 2015, 5-9 September. Tokyo.
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Production Consumption

Production + Consumption
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Production + Consumption
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Production + Consumption
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apply innovation™

Poducts  Incusties  Support News  Our company Contactus &

Metal 3D printing for healthcare

3D printing, also known as additive manufacturing, is an exciting technology whose benefits are
being readily embraced with real life applications being developed dally.

40 3D SYSTEMS Q  Englsh v

Quickparts -

On Demand Manufacturing Resources Support HowtoBuy ContactUs

Solutions

Medical Device Design &
Manufacturing

ACCELERATE PRODUCT INNOVATION

Comprehensive additive manufacturing solutio
new medical products from concept to commercial

3D Systems
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How to improve our ability to commercialise
emerging production technologies?

iii. What are skills and capabilities required for value
to be created & captured from adopting AM-3DP?
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Group: Present -> Short Term

m hlledm -> Long Term

Value context
(Policy, regulation,
standards, etc.)

= contact@am-uk.org

/ A What is Additive

Addit Manufacturing? About AM UK Resources News & Events v Connections Directory Contact Register
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Manufacturing
UK

New AM National Strategy sets out to
establish the UK as a world leader
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Welcome to AM UK Latest News

for Additive Manufacturing: What did the i



Summary of common perceived barriers

Materials

Design

Skills / Education

Understanding properties in different processes / machines / applications,
QA, costs, availability (IP constraints, independent suppliers), use of mixed
materials, recyclability, biocompatibility.

Need for guides and education programmes on design for AM — better
understanding of design for AM constraints, availability of AM-skilled
designers, security of design data.

Lack of appropriate skills (design, production, materials, testing) preventing

adoption, up-skilling current workforce vs. training of next generation,
education of consumers, awareness in schools.

Cost / Investment / Financing

Standards / Regulation

Measurement / Inspection /
Testing

IP / Protection / Secrecy

Funding to increase awareness and reduce risk of adoption (testing, scale-
up, machine purchase) — especially for SMEs, understanding of full costs
(including post-processing, testing), cost of materials.

Perceived or actual lack of standards — all sectors / sector specific (especially
aero / health / motorsport), for processes / materials / software / products /
applications.

Need data libraries, standards for tests (general and sector specific),
materials/ in-process / final part, tests for higher volumes, non-destructive
testing, QA through lock-in c.f. open access to data.

Balancing need for openness to share knowledge with need for commercial
protection to capture value from investments, enforcement of IP rights.
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Perkins, J. (2013). Review of Engineering
Skills, Department of Business, Innovation
and Skills.
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How to improve our ability to commercialise
emerging production technologies?

i.  What are the actual and potential impacts of the
adoption of AM-3DP on business models?

ii. How is the adoption of AM-3DP linked to the
location of production activities?

iii. What are skills and capabilities required for value
to be created & captured from adopting AM-3DP?
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Key context

* ‘Healthy’ economy requires increased productivity
* Technology is long-term driver of productivity growth

* Technological innovation is critical but difficult

Is this a ‘4" Industrial Revolution’?

What is going to slow the uptake of new production
technologies?
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